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NOTICE 


This  report  presents  the  results  of  the  1997  follow-up  of  the  Air  Force  Health  Study,  the  fifth  examination 
in  a  series  of  epidemiological  studies  to  investigate  the  health  effects  in  Air  Force  personnel  following 
exposure  to  herbicides.  The  results  of  the  1982  baseline  study,  the  1985  follow-up  study,  the  1987  follow¬ 
up  study,  and  the  1992  follow-up  study  were  presented  in  five  reports:  the  Baseline  Morbidity  Study 
Results  (24  February  1987),  the  Air  Force  Health  Study  First  Followup  Examination  Results  (15  July 
1987),  the  Air  Force  Health  Study  1987  Followup  Examination  Results  (16  January  1990),  the  Air  Force 
Health  Study  Serum  Dioxin  Analysis  of  1987  Examination  Results  (7  February  1991),  and  the  Air  Force 
Health  Study  1992  Followup  Examination  Results  (2  May  1995). 

Given  the  relationship  of  the  1997  follow-up  to  the  previous  studies,  portions  of  these  documents  have  been 
reproduced  or  paraphrased  in  this  report.  In  addition,  portions  of  the  Air  Force  Health  Study  Statistical 
Plan  for  the  1997  follow-up  (20  May  1998)  have  been  used  in  the  development  of  this  report.  The  purpose 
of  this  notice  is  to  acknowledge  the  authors  of  these  previous  study  reports  and  documents. 
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EXECUTIVE  SUMMARY 


1997  FOLLOW-UP  EXAMINATION  REPORT 

The  Air  Force  Health  Study  (AFHS)  is  an  epidemiological  investigation  to  determine  whether  adverse 
health  effects  exist  in  Air  Force  personnel  who  served  in  Operation  Ranch  Hand  units  in  Vietnam  from 
1962  to  1971,  and  whether  these  adverse  health  effects  can  be  attributed  to  occupational  exposure  to 
Herbicide  Orange  (or  its  dioxin  contaminant).  A  comparison  group  was  formed  from  Air  Force  veterans 
who  flew  or  maintained  C-130  aircraft  in  Southeast  Asia  (SEA)  during  the  same  time  period  as  those  who 
served  in  the  Ranch  Hand  units  and  who  were  not  involved  with  spraying  herbicides.  The  baseline  study 
was  conducted  in  1982;  follow-up  studies  were  performed  in  1985,  1987,  1992,  and  1997.  Participation 
was  voluntary,  and  consent  forms  were  signed  by  the  participant  at  the  examination  site.  An  additional 
evaluation  is  planned  for  2002.  This  report  presents  the  results  from  the  statistical  analyses  of  the  data 
from  the  1997  follow-up  examination. 

In  the  baseline  study,  each  living  Ranch  Hand  was  matched  with  a  randomly  selected  Comparison  based  on 
age,  race,  and  militaiy  occupation.  At  each  follow-up  study,  noncompliant  Comparisons  were  replaced 
from  the  set  of  living  Comparisons,  matched  by  age,  race,  military  occupation,  and  self-perception  of 
health.  A  total  of  2,121  veterans  participated  in  the  1997  follow-up  examination.  Of  the  1,101  eligible 
Ranch  Hands,  870  (79.0%)  participated  in  the  1997  follow-up  examination.  A  total  of  839  of  the  1,15 1 
eligible  Original  Comparisons  (72.9%)  participated.  Of  the  768  eligible  Replacement  Comparisons,  412 
(53.6%)  chose  to  attend  the  examination.  A  total  of  1,25 1  Comparisons  attended  the  1997  follow-up 
examination.  Eighty-six  percent  (819  of  949)  of  living  Ranch  Hands  and  87  percent  of  living  Comparisons 
(976  of  1,1 16)  who  were  fully  compliant  at  the  baseline  examination  returned  for  the  1997  follow-up 
examination. 

This  report  presents  conclusions  drawn  from  the  statistical  analyses  of 266  health-related  endpoints  in  10 
clinical  areas:  general  health,  neoplasia,  neurology,  psychology,  gastrointestinal,  cardiovascular, 
hematology,  endocrine,  immunology,  and  pulmonary.  Analysis  was  not  performed  on  nine  of  these 
endpoints  because  of  a  sparse  number  of  abnormalities.  Data  were  collected  from  a  medical  records 
review,  previous  examinations,  and  the  physical  and  laboratory  examinations  and  questionnaire 
administered  at  the  1997  follow-up  examination.  The  analyses  focused  on  group  differences  between  the 
exposed  (Ranch  Hand)  and  unexposed  (Comparison)  cohorts,  as  well  as  on  the  association  between  serum 
dioxin  levels  and  each  health-related  endpoint  among  the  Ranch  Hands. 

Four  statistical  models  were  used  to  evaluate  the  relation  between  the  health  status  of  study  participants 
and  their  herbicide  or  dioxin  exposure.  The  first  model  (Model  1)  examines  contrasts  between  Ranch 
Hands  and  Comparisons  using  group  as  a  proxy  for  herbicide  exposure  and  does  not  incorporate  serum 
dioxin  measurements.  However,  it  is  assumed  in  this  model  that  all  Ranch  Hands  were  exposed  and  all 
Comparisons  were  not  exposed  to  herbicides.  Each  of  the  following  three  models  incorporates  estimates  of 
serum  dioxin  in  either  initial  or  current  form.  Current  serum  dioxin  was  based  on  measurements  from  the 
1987  examination.  When  a  1987  dioxin  measurement  was  not  available,  measurements  from  the  1992  or 
1997  examinations  were  used  to  supplement  the  1987  measurement.  Initial  serum  dioxin  was  extrapolated 
from  the  current  serum  dioxin  measurement  to  time  of  duty  in  SEA.  The  second  model  (Model  2)  examines 
estimated  initial  serum  dioxin  levels,  extrapolated  from  current  serum  dioxin  measurements  and  assuming 
first-order  kinetics  and  a  constant  dioxin  elimination  rate.  The  third  model  (Model  3)  categorizes  the 
Ranch  Hand  cohort  according  to  serum  dioxin  levels  and  contrasts  each  Ranch  Hand  category  with  the 
Comparisons  having  background  serum  dioxin  levels.  The  fourth  model  (Model  4)  uses  a  1987  lipid- 
adjusted  measure  of  serum  dioxin.  This  model  requires  no  assumptions  about  serum  dioxin  elimination. 


The  extrapolated  initial  dose  and  lipid-adjusted  dioxin  measurements  in  Models  2, 3,  and  4  may  not  be 
good  measures  of  exposure  if  elimination  rates  differ  among  individuals. 

In  the  general  health  assessment,  the  self-perception  of  health  analysis  revealed  significant  differences 
between  Ranch  Hands  and  Comparisons,  with  more  Ranch  Hands  than  Comparisons  indicating  their  health 
as  fair  or  poor.  As  in  previous  examinations,  the  difference  was  most  apparent  in  enlisted  groundcrew, 
who  had  die  highest  average  dioxin  levels.  This  observation  also  was  confirmed  in  the  categorized  dioxin 
analysis,  where  Ranch  Hands  with  the  highest  dioxin  levels  perceived  their  health  as  fair  or  poor  more  often 
than  Comparisons.  Also,  among  Ranch  Hands,  those  with  the  higher  1987  dioxin  levels  reported  fair  or 
poor  health  more  often  than  Ranch  Hands  with  lower  levels.  These  results  were  consistent  with  the  1985, 
1987,  and  1992  examinations.  No  group  differences  were  noted  in  the  appearance  of  illness  or  relative  age, 
as  recorded  by  examining  physicians,  nor  were  these  variables  correlated  with  serum  dioxin  levels  in  the 
Ranch  Hand  cohort.  The  analysis  of  body  fat  indicated  positive  associations  with  dioxin  levels.  The 
results  of  the  1997  examination  confirmed  those  of  the  1992  examination  and  appear  consistent  with  a 
difference  in  dioxin  pharmacokinetics  in  obese  versus  lean  individuals.  No  differences  in  either  the  risk  of 
an  abnormal  erythrocyte  sedimentation  rate  between  Ranch  Hands  and  Comparisons  or  the  relations 
between  abnormal  erythrocyte  sedimentation  rates  and  dioxin  levels  were  observed  during  the  1997 
examination.  Erythrocyte  sedimentation  rates  increased  as  1987  dioxin  levels  increased.  Longitudinal 
analyses  showed  that  Ranch  Hands,  particularly  the  enlisted  personnel,  had  a  greater  percentage  of 
abnormal  erythrocyte  sedimentation  rates  than  did  Comparisons  dining  the  15  years  of  the  study  since 
1982.  These  analyses  also  showed  that  the  percentages  of  abnormalities  increased  from  1982  to  1997  as 
dioxin  levels  increased.  This  result  was  seen  at  the  1987  study,  but  not  in  1992.  This  positive  association 
raises  the  possibility  of  a  subtle  inflammatory,  infectious,  or  occult  malignant  disease  process  related  to  the 
body  burden  of  dioxin.  In  conclusion,  fair  or  poor  self-perception  of  health  displayed  an  adverse 
association  with  dioxin.  Increased  body  fat  was  associated  with  increased  levels  of  dioxin,  a  finding  most 
likely  related  to  the  pharmacokinetics  of  dioxin.  Longitudinal  analyses  indicated  an  increased  risk  of 
abnormal  erythrocyte  sedimentation  rates  in  Ranch  Hands  over  Comparisons  in  the  15  years  of  the  AFHS, 
and  a  relation  between  abnormal  erythrocyte  sedimentation  rates  and  levels  of  dioxin  during  these  15  years. 
Other  measures  of  general  health  revealed  no  association  with  levels  of  dioxin. 

In  the  assessment  of  malignant  neoplastic  disease,  at  the  end  of  15  years  of  surveillance.  Ranch  Hands  as  a 
group  exhibited  a  nonsignificant  increase  in  the  risk  of  malignant  neoplastic  disease  relative  to 
Comparisons  (relative  risk=1.06,  95%  confidence  interval:  [0.80,1.41]).  Military  occupation  contrasts 
were  inconsistent  and,  therefore,  not  supportive  of  an  adverse  effect  of  herbicide  or  dioxin  exposure  on  the 
occurrence  of  malignancies.  Ranch  Hand  enlisted  groundcrew,  the  occupation  with  the  highest  dioxin 
levels  and,  presumably,  the  highest  herbicide  exposure,  exhibited  a  decreased  prevalence  (relative 
risk=0.78,  95%  confidence  interval:  [0.51,1.19]).  Enlisted  flyers  (relative  risk=1.63,  95%  confidence 
interval:  [0.91,2.92])  and  officers  (relative  risk=1.14,  95%  confidence  interval:  [0.79,1.65]),  occupations 
with  lower  dioxin  levels,  exhibited  nonsignificant  increases  in  the  prevalence  of  malignant  disease.  The  risk 
of  malignant  disease  was  nonsignificantly  increased  among  Ranch  Hands  having  the  highest  dioxin  levels 
(relative  risk=1.01, 95%  confidence  interval:  [0.66,1.57]).  Longitudinal  analyses  found  no  significant 
group  differences  with  regard  to  the  risk  of  malignancy  and  no  pattern  suggestive  of  an  adverse  relation 
between  herbicide  or  dioxin  exposure  and  the  occurrence  of  malignant  neoplastic  disease. 

In  the  neurological  assessment,  four  neurological  disorders  and  extensive  physical  examination  data  on 
cranial  nerve  function,  peripheral  nerve  status,  and  central  nervous  system  coordination  processes  were 
analyzed.  Inflammatory  diseases,  as  verified  by  a  medical  records  review,  were  increased  in  Ranch  Hands 
relative  to  Comparisons  in  terms  of  both  a  group  designation  and  categorized  dioxin  levels.  Peripheral 
disorders,  as  verified  by  a  medical  records  review,  increased  in  Ranch  Hands  as  levels  of  1987  dioxin 
increased.  Neck  range  of  motion  abnormalities  were  increased  in  Ranch  Hands  relative  to  Comparisons  in 
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terms  of  both  a  group  designation  and  categorized  dioxin  levels.  The  increase  in  abnormalities  for  Ranch 
Hands  relative  to  Comparisons  was  noted  in  enlisted  flyers.  An  increase  in  the  risk  of  an  abnormal  muscle 
status  was  observed  in  Ranch  Hand  enlisted  groundcrew.  A  significant  association  between  initial  dioxin 
and  abnormalities  of  both  visual  fields  and  the  patellar  reflex  was  observed.  Indices  of  polyneuropathy 
showed  an  increase  in  the  prevalence  of  abnormality  in  Ranch  Hands  relative  to  Comparisons  and  a 
positive  association  with  initial  dioxin,  categorized  dioxin,  and  1987  dioxin  levels.  In  summary,  although  a 
common  etiology  in  these  findings  is  not  apparent,  a  statistically  significant  increase  in  neurological  disease 
appears  in  Ranch  Hands  historically,  on  physical  examination,  and  as  reflected  in  several  of  the  composite 
polyneuropathy  indices.  Further,  the  associations  of  abnormal  neck  range  of  motion  with  categorized 
dioxin  and  a  history  of  peripheral  disorders  with  1987  dioxin  provide  evidence  of  an  association  of 
neurological  disease  with  elevated  dioxin  levels.  The  results  of  the  analysis  of  the  polyneuropathy  indices 
also  provide  support  of  a  statistical  association  between  elevated  dioxin  levels  and  neurological  disease; 
however,  the  clinical  importance  of  this  finding  is  uncertain. 

Five  psychological  disorders,  which  were  verified  by  a  medical  records  review,  and  12  measures  from  the 
Symptom  Checklist-90-Revised  (SCL-90-R)  inventory  were  examined  in  the  psychology  assessment.  The 
SCL-90-R  consisted  of  nine  primary  symptom  dimensions  and  three  broad  indices  of  psychological 
distress.  In  enlisted  groundcrew  a  significantly  greater  percentage  of  Ranch  Hands  than  Comparisons  had 
a  history  of  other  neuroses.  All  other  significant  results  from  analyses  of  Ranch  Hands  versus 
Comparisons  showed  a  greater  percentage  of  Comparisons  than  Ranch  Hands  with  high  SCL-90-R  scores. 
Associations  between  initial  dioxin  and  die  psychological  endpoints  were  either  nonsignificant  or  revealed  a 
significant  decrease  in  high  SCL-90-R  scores  as  initial  dioxin  increased.  Differences  in  the  history  of 
psychological  disorders  and  the  prevalence  of  high  SCL-90-R  scores  were  examined  between  Comparisons 
and  Ranch  Hands  categorized  by  dioxin  levels.  Ranch  Hands  in  the  low  dioxin  category  and  the  low  plus 
high  dioxin  category  displayed  a  significantly  higher  occurrence  of  other  neuroses  than  did  Comparisons. 
The  relation  between  the  1987  dioxin  levels  and  the  psychological  endpoints  was  examined  and  all  results 
were  nonsignificant.  In  summary.  Ranch  Hand  veterans  exhibited  a  significantly  increased  prevalence  of 
other  neuroses  among  enlisted  groundcrew,  the  military  occupation  with  the  highest  dioxin  levels  and, 
presumably,  the  greatest  herbicide  exposure.  Consistent  increases  in  the  prevalence  of  other  neuroses  with 
dioxin  levels  were  found.  No  consistent  relation  was  found  between  any  SCL-90-R  score  and  any  measure 
of  herbicide  or  dioxin  exposure.  The  relation  between  other  neuroses  and  herbicide  exposure  and  dioxin 
levels  will  be  described  in  greater  detail  in  a  separate  report. 

The  gastrointestinal  assessment  was  based  on  eight  disorders  as  determined  from  a  review  and  verification 
of  each  participant’s  medical  records,  a  physical  examination  determination  of  hepatomegaly,  and  29 
laboratory  measurements  or  indices.  The  laboratory  parameters  included  measurements  of  hepatic  enzyme 
activity,  hepatobiliary  function,  lipid  and  carbohydrate  indices,  and  a  protein  profile.  In  addition,  the 
presence  of  hepatitis  and  fecal  occult  blood  was  investigated.  Analyses  of  Ranch  Hands  versus 
Comparisons  showed  higher  mean  levels  of  alkaline  phosphatase,  a- 1 -antitrypsin,  and  haptoglobin  in 
Ranch  Hands  than  in  Comparisons.  In  addition,  significantly  more  Ranch  Hands  than  Comparisons  had 
high  haptoglobin  levels.  A  review  of  medical  records  showed  a  positive  association  between  initial  dioxin 
and  other  liver  disorders.  The  other  liver  disorders  condition  consisted  primarily  of  nonspecific  laboratory 
test  elevations.  A  significant  association  between  initial  dioxin  and  high  levels  of  aspartate 
aminotransferase  (AST)  also  was  revealed.  Analyses  of  categorized  dioxin  revealed  a  significantly  higher 
percentage  of  other  liver  disorders  among  Ranch  Hands  in  the  high  dioxin  category  than  among 
Comparisons.  Higher  mean  levels  of  gamma  glutamyl  transferase  (GOT),  triglycerides,  and  a-1- 
antitrypsin  were  observed  in  Ranch  Hands  in  the  high  dioxin  category  than  in  Comparisons.  Ranch  Hands 
in  the  high  dioxin  category  had  a  greater  prevalence  of  abnormal  AST,  triglyceride,  and  prealbumin  levels 
than  did  Comparisons.  Many  significant  associations  between  the  laboratory  examination  variables  and 
1987  dioxin  levels  were  observed.  In  both  the  continuous  and  discrete  forms,  the  hepatic  enzymes  alanine 
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aminotransferase  (ALT),  AST,  and  GGT  revealed  significant,  positive  associations  with  1987  dioxin.  In 
addition,  significant  positive  associations  between  1987  dioxin  and  the  ratio  of  cholesterol  to  high-density 
lipoprotein  (HDL),  triglycerides,  and  creatine  phosphokinase  were  present.  In  summary,  the  analysis  of  the 
1997  follow-up  data  reflected  patterns  that  have  been  observed  and  documented  in  prior  examinations. 
Isolated  group  differences  exist,  but  1987  dioxin  levels  are  strongly  related  to  hepatic  enzymes  such  as 
AST,  ALT,  and  GGT,  and  to  lipid-related  health  indices  such  as  cholesterol,  HDL,  and  triglycerides. 

These  results  are  consistent  with  a  dose-response  effect  and  may  be  related  to  unknown  subclinical  effects 
of  dioxin.  Although  hepatic  enzymes  and  lipid-related  indices  showed  an  association  with  dioxin,  there  was 
no  evidence  of  an  increase  in  overt  liver  disease. 

In  the  cardiovascular  assessment,  analyses  revealed  that  Ranch  Hands  had  a  significantly  higher  percentage 
of  participants  with  a  history  of  heart  disease  (excluding  essential  hypertension)  than  Comparisons  and  in 
particular,  among  enlisted  flyers.  However,  the  risk  of  disease  was  not  significantly  increased  in  Ranch 
Hand  enlisted  groundcrew,  the  military  occupation  with  the  highest  dioxin  levels.  The  association  between 
heart  disease  and  initial  dioxin  showed  a  negative  dose-response  trend,  with  heart  disease  decreasing  as 
initial  dioxin  increased.  Furthermore,  Ranch  Hands  in  the  background  and  low  dioxin  categories  had  more 
heart  disease  than  did  Comparisons,  but  this  increase  was  not  seen  in  Ranch  Hands  in  the  high  dioxin 
category.  Increases  in  tachycardia  and  other  electrocardiograph  (ECG)  findings,  such  as  pre-excitation, 
were  seen  for  Ranch  Hands  in  the  high  dioxin  category,  although  the  analyses  were  based  on  a  small 
number  of  abnormalities.  A  significant  positive  association  between  initial  dioxin  and  evidence  of  prior 
myocardial  infarction  from  the  ECG  was  observed  in  Ranch  Hands,  and  a  marginally  significant  positive 
association  was  observed  between  1987  dioxin  and  evidence  of  prior  myocardial  infarction  from  the  ECG. 
A  positive  association  between  1987  dioxin  and  a  history  of  essential  hypertension  also  was  observed  in 
Ranch  Hands.  In  contrast  to  previous  AFHS  examinations,  no  relation  was  found  between  peripheral  pulse 
abnormalities  and  any  measure  of  exposure.  In  summary  the  current  study  has  documented  that  Ranch 
Hands  are  more  likely  than  Comparisons  to  have  historical  evidence  for  heart  disease  (excluding  essential 
hypertension)  but  are  no  longer  at  greater  risk  for  the  occurrence  of  pulse  deficits.  By  all  other  indices,  the 
prevalence  of  cardiovascular  disease  appears  similar  in  both  cohorts.  For  the  first  time,  there  is  evidence 
that  levels  of  dioxin  may  be  a  risk  factor  for  the  development  of  essential  hypertension  and  prior 
myocardial  infarction  as  indicated  by  interpretation  of  the  ECG.  As  of  1997,  the  verified  history  of 
essential  hypertension  was  associated  with  1987  dioxin,  and  the  evidence  of  prior  myocardial  infarction 
from  the  ECG  was  associated  with  initial  dioxin.  These  findings,  in  conjunction  with  the  increase  in  the 
number  of  deaths  caused  by  diseases  of  the  circulatory  system  for  Ranch  Hand  nonflying  enlisted  personnel 
based  on  the  1994  AFHS  mortality  update,  showed  associations  that  require  further  study.  A  biological 
mechanism  for  the  relation  among  dioxin  levels  and  heart  disease  is  unknown. 

In  the  hematologic  assessment,  five  cell  count  measures,  six  measures  of  absolute  blood  counts,  a 
coagulation  measure,  and  red  blood  cell  morphology  were  analyzed.  In  the  analyses  of  these  variables,  only 
platelet  count  exhibited  significant  dose-response  associations  with  the  levels  of  dioxin.  Among  enlisted 
personnel.  Ranch  Hands  exhibited  significantly  higher  mean  platelet  counts  than  did  Comparisons.  Ranch 
Hands  in  the  high  dioxin  category  also  exhibited  a  significantly  higher  mean  platelet  count  than  did 
Comparisons.  The  mean  differences  were  small  and,  therefore,  the  clinical  importance  of  these  findings  is 
unknown.  The  results  in  the  1997  follow-up  study  parallel  the  findings  of  the  1987  and  1992  follow-up 
studies.  In  conclusion,  apart  from  platelet  count,  there  appears  to  be  little  evidence  to  support  a  relation 
between  prior  dioxin  exposure  and  hematopoietic  toxicity. 

The  assessment  of  the  endocrine  system  yielded  an  extensive  evaluation  of  thyroid,  pancreatic,  and  gonadal 
function  and  their  relation  to  dioxin  exposure.  A  significantly  increased  risk  of  abnormally  high  thyroid 
stimulating  hormone  values  was  found  in  Ranch  Hand  enlisted  groundcrew.  A  positive  association  between 
diabetes  and  initial  and  1987  dioxin  was  observed.  Consistent  with  previous  reports,  the  prevalence  of 
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diabetes  among  Ranch  Hands  with  high  dioxin  levels  was  significantly  increased.  A  greater  percentage  of 
Ranch  Hands  than  Comparisons  used  insulin  to  control  their  type  2  diabetes,  primarily  among  officers  and 
enlisted  groundcrew.  The  percentage  of  Ranch  Hands  requiring  insulin  to  control  their  type  2  diabetes 
increased  with  initial  dioxin.  A  greater  percentage  of  Ranch  Hands  in  the  high  dioxin  category  required 
insulin  to  control  their  type  2  diabetes  than  did  Comparisons.  The  percentage  of  Ranch  Hands  who  treated 
their  diabetes  through  diet  only  and  the  percentage  who  used  oral  hypoglycemics  increased  with  1987 
dioxin  level.  The  time  to  diabetes  onset  was  significantly  shorter  for  Ranch  Hands  with  higher  initial 
dioxin  and  1987  levels.  Both  fasting  glucose  and  a-l-C  hemoglobin  increased  as  initial  dioxin  and  1987 
dioxin  increased.  Increased  mean  a-l-C  hemoglobin  levels  also  were  observed  for  Ranch  Hands  with  high 
dioxin  levels.  The  presence  of  fasting  urinary  glucose  also  increased  with  1987  dioxin.  Although  cause 
and  effect  have  not  been  established,  the  results  cited  above  provide  further  evidence  for  an  association 
between  glucose  intolerance  and  levels  of  dioxin. 

The  immunologic  assessment  was  based  on  laboratory  data  on  six  lymphocyte  cell  surface  markers, 
absolute  lymphocyte  counts,  three  quantitative  immunoglobulins,  and  six  measurements  from  an 
autoantibody  panel.  The  six  cell  marker  measurements  were  carried  out  on  a  random  sample  of 
approximately  40  percent  of  the  participants  because  of  the  complexity  of  the  assay  and  the  expense  of  the 
tests.  Group  analyses  revealed  significant  findings  for  the  analyses  of  CD  16+56+  cell  (natural  killer  cell) 
counts  and  for  the  mouse  stomach  kidney  (MSK)  smooth  muscle  antibody  test  in  enlisted  flyers.  Among 
enlisted  flyers,  the  mean  CD  16+56+  cell  count  was  greater  for  Comparisons  than  for  Ranch  Hands,  and  a 
greater  percentage  of  Comparisons  than  Ranch  Hands  had  a  smooth  muscle  antibody  present.  Negative 
smooth  muscle  and  mitochondrial  antibody  tests  are  considered  to  be  normal.  For  these  analyses,  the 
magnitude  of  the  mean  differences  was  small  and,  therefore,  the  clinical  importance  of  these  findings  is 
unknown.  Consistent  with  the  previous  two  physical  examinations,  IgA  increased  significantly  with  initial 
dioxin,  but  was  not  significantly  increased  in  enlisted  groundcrew  or  the  high  dioxin  category,  and  IgA  did 
not  increase  significantly  with  1987  dioxin.  The  IgA  results,  although  significant,  were  small  in  magnitude 
and  their  clinical  importance  is  unknown.  When  comparing  categorized  dioxin  levels  between  Ranch 
Hands  and  Comparisons,  a  significantly  higher  CD  16+5  6+  cell  count  mean  was  observed  among 
Comparisons  than  among  Ranch  Hands  in  the  high  dioxin  category.  Analyses  revealed  significant 
associations  between  1987  dioxin  levels  and  CD3+  cell  (T  cell)  count,  CD4+  cell  (helper  T  cell)  count,  and 
CD3+CD4+  cell  (helper  T  cell)  count.  The  cell  counts  increased  as  1987  dioxin  increased.  In  summary, 
these  findings  and  the  findings  from  past  examinations  do  not  provide  evidence  of  a  biologically  meaningful 
dose-response  effect  for  body  burden  of  dioxin  on  parameters  of  immunologic  assessment.  The  statistically 
significant  relations  suggest  the  need  for  continued  evaluation. 

To  assess  pulmonary  status,  verified  histories  of  asthma,  bronchitis,  and  pneumonia  were  studied.  A 
composite  measure  of  thorax  and  lung  abnormalities,  as  determined  from  the  presence  of  asymmetrical 
expansion,  hyperresonance,  dullness,  wheezes,  rales,  chronic  obstructive  pulmonary  diseases,  or  the 
physician’s  assessment  of  abnormality,  also  was  analyzed.  A  routine  chest  x  ray  and  five  measures  of 
pulmonary  function  using  standard  spirometric  techniques  were  analyzed.  Few  significant  increases  in 
adverse  pulmonary  conditions  were  observed  for  Ranch  Hands,  and  isolated  and  inconsistent  associations 
between  the  pulmonary  endpoints  and  dioxin  were  seen.  No  consistent  pattern  or  dose-response  relation 
was  evident.  Ranch  Hands  in  the  background  dioxin  category  exhibited  a  significantly  higher  percentage  of 
abnormalities  on  the  chest  x  ray  than  did  Comparisons.  Ranch  Hand  officers  had  a  significantly  higher 
prevalence  of  mild  obstructive  abnormality  than  did  Comparison  officers;  the  corresponding  contrast  was 
not  significant  in  1992,  and  officers  were  not  analyzed  as  a  separate  stratum  in  1982,  1985  or  1987.  The 
relation  between  mild  obstructive  abnormality  in  Ranch  Hand  officers  and  other  indicators  of  herbicide 
exposure,  such  as  job  (pilot,  navigator,  nonflyer),  the  number  of  missions  flown,  the  percentage  of  missions 
that  were  herbicide  missions,  and  reported  drinking  of  herbicide  (yes,  no)  will  be  summarized  in  a  separate 
report.  In  summary,  analysis  of  historical,  physical  examination,  and  laboratory  data  revealed  no 
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consistent  relation  between  herbicide  exposure  or  dioxin  levels  and  pulmonary  disease.  The  prevalence  of 
mild  obstructive  abnormalities  was  significantly  increased  in  Ranch  Hand  officers.  The  meaning  of  this 
finding  is  unclear  because  the  risk  was  not  significantly  increased  in  Ranch  Hand  enlisted  groundcrew — the 
military  occupation  with  the  highest  dioxin  levels. 

Certain  facts  should  be  considered  when  drawing  conclusions  from  the  statistical  analysis  of  the  1997 
follow-up  examination  results.  First,  the  Ranch  Hand  and  Comparison  veterans  were  not  blinded  to  group 
membership.  In  addition,  there  are  often  difficulties  associated  with  multiple  testing.  With  repeated 
statistical  testing,  the  likelihood  of  a  test  indicating  some  artifactual  association  is  high.  But  longitudinal 
comparisons  of  previous  examinations  may  show  a  consistent  association,  supporting  a  non-artifactual 
relation.  Longitudinal  tests,  however,  of  the  same  population  clearly  are  not  independent  tests.  If  a  chance 
association  was  present  at  the  first  physical  examination,  it  would  tend  to  persist  in  subsequent 
examinations.  Conversely,  depending  on  site  and  mode  of  action,  the  association  would  be  expected  to 
increase  with  time  (if  latency  or  other  chronic  effects  predominate)  or  decrease  with  time  (if  the  current 
dioxin  level  predominates  in  the  mechanism).  It  is  also  important  to  note  that  some  conditions  do  not 
appear  with  reasonable  frequency  until  middle  age  or  later.  Therefore,  in  the  early  years  of  the  study  an 
increased  relative  risk  might  have  been  masked  by  abnormalities  too  sparse  for  meaningful  analysis. 

The  report  recognizes  two  major  limitations  to  the  study.  First,  the  results  cannot  be  generalized  to  other 
groups  (such  as  all  Vietnam  veterans  or  Vietnamese  civilians)  who  have  been  exposed  in  different  ways  and 
to  different  levels  of  herbicide.  We  do  not  know  what  effect  herbicides  or  dioxin  have  at  levels  other  than 
those  found  in  our  study  group,  or  from  other  sources  such  as  contaminated  food.  Groups  with  higher 
exposures  may  well  have  effects  not  seen  in  our  study.  Second,  the  size  of  the  study  makes  it  difficult  to 
detect  increases  in  rare  diseases,  so  small  increases  of  these  diseases  may  be  missed  by  the  study.  For 
example,  since  liver  cancer  is  very  rare,  even  a  tenfold  increase  may  not  be  detected. 

The  site  and  mode  of  action  of  dioxin  in  the  body  could  itself  either  cause  or  obscure  a  relation.  Receptors 
might  be  activated  only  after  a  certain  dioxin  threshold  value  had  been  exceeded — that  is,  a  value  exceeding 
the  body’s  capability  to  safely  store  dioxin.  If,  on  the  other  hand,  dioxin  caused  a  competitive  inhibition  of 
receptor  actions  normally  stimulated  by  other  substances,  there  might  be  a  “no-threshold”  effect. 

Depending  on  the  nature  (lipid  or  non-lipid)  and  type  of  function  of  the  hypothetical  receptor  site,  an 
increase  in  body  fat  over  time  might  either  cause  an  increase  in  dioxin  effect  because  of  a  greater  volume  of 
distribution  or  a  decrease  in  dioxin  effect  because  of  a  lesser  concentration  at  the  receptor  site. 

Strength  of  association  is  also  an  issue  in  a  study  of  a  population  this  size.  A  study  with  a  population  of 
2,121  lacks  power  to  determine  increases  in  relative  risks  for  rare  events  (such  as  soft  tissue  sarcoma) 
because  such  events  are  unlikely  to  occur  in  large  numbers  in  a  group  this  small.  While  certain 
occupational  toxins  have  a  clear  diagnostic  pathology  (e.g.,  mesothelioma  for  asbestos,  hepatic 
angiosarcoma  for  vinyl  chloride)  virtually  nonexistent  in  the  absence  of  the  toxin,  other  toxins  merely 
increase  the  risk  of  nondiagnostic  pathology.  For  example,  this  study  would  likely  not  discern  an  increase 
in  the  relative  risk  for  a  rare  tumor  that  does  not  have  a  clear  diagnostic  pathology.  By  assessing  the 
pathology  observed  in  association  with  other  known  environmental  risk  factors  (e.g.,  tobacco  use,  alcohol 
use)  it  is  sometimes  possible  to  provide  a  limit  in  the  magnitude  of  effect  missed;  however,  this  study  has 
inherent  bounds  in  detecting  modest  increases  in  relative  risk  for  infrequent  pathology. 

A  final  difficulty  is  the  presence  of  a  true  association  that  is  noncausal.  An  example  might  be  a  condition 
not  caused  by  dioxin,  but  resulting  in  or  from  an  altered  dioxin  half-life.  In  this  case,  a  correlation  might 
be  high  in  the  total  absence  of  causality. 
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Clearly,  there  are  many  issues  to  be  considered  in  interpreting  these  results.  With  these  issues  in  mind, 
certain  assessments  were  made  by  looking  at  a  number  of  factors.  Among  these  factors  are  longitudinal 
trends,  biological  plausibility,  consistency  with  animal  toxicology,  the  presence  of  a  dose-response  relation, 
and  strength  of  association.  But,  meeting  all  of  these  criteria  would  not  guarantee  causality,  nor  would 
failing  these  criteria  guarantee  the  lack  of  an  effect.  It  can  be  argued,  however,  that  the  good  faith 
application  of  these  particular  methods  should  be  the  starting  point  for  generating  hypotheses  for 
experimental  examination  through  in  vitro  and  in  vivo  testing,  as  well  as  through  fiirthef  epidemiological 
analysis  of  these  and  other  exposed  groups. 

Based  on  the  findings  of  the  1997  examination,  and  subject  to  the  qualifications  considered  above,  the 
study  investigators  have  drawn  the  following  conclusions. 

1.  Diabetes:  Consistent  with  previously  reported  results,  current  data  indicate  a  significant  and 
potentially  meaningful  adverse  relation  between  serum  dioxin  levels  and  diabetes.  A  significant 
dose-response  was  found,  with  Ranch  Hands  in  the  high  dioxin  category  exhibiting  an  increase  in 
disease  prevalence  (relative  risk=1.47,  95%  confidence  interval:  [1.00,2.17]).  The  finding  is 
supported  by  a  dioxin-related  increase  in  disease  severity,  a  decrease  in  the  time  from  exposure  to 
first  diagnosis,  and  an  increase  in  fasting  glucose  and  a-l-C  hemoglobin.  Similar  patterns  were 
observed  in  1987  and  1992. 

2.  Cardiovascular  Abnormalities:  Cardiovascular  findings  are  mixed,  but,  in  context  with  the 
increased  cardiovascular  mortality  in  nonflying  enlisted  Ranch  Hands,  are  suggestive  of  an  adverse 
effect  of  herbicide  and  dioxin  exposure.  As  a  group.  Ranch  Hands  have  experienced  a  statistically 
significant  increase  in  the  prevalence  of  heart  disease  (excluding  essential  hypertension)  (relative 
risk=l  .26, 95%  confidence  interval:  [  1 .05, 1 .5 1]).  The  increase  was  more  than  doubled  among 
enlisted  flyers  (relative  risk=2.10,  95%  confidence  interval:  [1.27,3.28]),  but  not  significantly 
increased  among  enlisted  groundcrew  (relative  risk=l.  10,  95%  confidence  interval:  [0.84,1.42]) — 
the  military  occupation  with  the  highest  dioxin  levels.  The  prevalence  of  diagnosed  essential 
hypertension  and  the  percentage  of  Ranch  Hands  with  ECG  findings  of  prior  myocardial  infarction 
increased  significantly  with  initial  dioxin.  Peripheral  pulse  abnormalities  increased  with  dioxin 
levels  in  1987  and  1992,  but  did  not  increase  with  dioxin  levels  in  1997.  These  findings,  together 
with  increased  cardiovascular  mortality  in  Ranch  Hand  nonflying  enlisted  personnel,  suggest  that 
herbicide  or  dioxin  exposure  may  be  related  to  cardiovascular  abnormalities. 

3.  Peripheral  Polyneuropathy:  Although  a  common  etiology  is  not  apparent,  a  statistically 
significant  increase  in  neurological  disease  appears  in  Ranch  Hands  historically,  on  physical 
examination,  and  as  reflected  in  several  of  the  composite  polyneuropathy  indices.  Peripheral 
disorders,  as  verified  by  a  medical  records  review,  increased  in  Ranch  Hands  as  levels  of  1987 
dioxin  increased.  Indices  of  bilateral  peripheral  polyneuropathy,  confirmed  by  vibrotactile 
measurements  in  the  feet,  significantly  increased  with  initial  dioxin  level,  were  significantly 
increased  in  the  high  dioxin  category,  and  significantly  increased  with  1987  dioxin.  These  findings 
are  new  and  appear  consistent  with  polyneuropathies  observed  in  studies  of  industrial  exposure; 
however,  the  numbers  of  affected  veterans  are  small  and  the  clinical  importance  of  the  findings  are 
uncertain. 

4.  Serum  Lipid  Abnormalities:  There  were  consistent  and  significant  increases  in  cholesterol, 
triglycerides,  and  the  cholesterol-HDL  ratio  with  initial  and  1987  dioxin.  HDL  decreased 
significantly  as  dioxin  increased.  These  findings  also  were  observed  in  1987  and  1992. 
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5.  Liver  Enzymes:  Analysis  of  liver  function  reflected  patterns  that  have  been  observed  in  prior 
examinations.  Isolated  group  differences  existed,  but  1987  dioxin  levels  were  strongly  related  to 
increases  in  hepatic  enzymes  such  as  AST,  ALT,  and  GGT  and,  as  previously  noted,  cholesterol, 
triglycerides,  and  HDL.  These  results  were  consistent  with  an  adverse  dose-response  and  may  be 
related  to  subclinical  effects  of  unknown  importance.  Although  hepatic  enzymes  increased  with 
dioxin,  there  is  no  evidence  of  a  corresponding  increase  in  overt  liver  disease. 

6.  Malignant  Neoplastic  Disease:  At  the  end  of  15  years  of  surveillance.  Ranch  Hands  as  a  group 
exhibited  a  nonsignificant  increase  in  the  risk  of  malignant  neoplastic  disease  relative  to 
Comparisons  (relative  risk=1.06,  95%  confidence  interval:  [0.80,1.41]).  Military  occupation 
contrasts  were  inconsistent  and,  therefore,  not  supportive  of  an  adverse  effect  of  herbicide  or  dioxin 
exposure  on  the  occurrence  of  malignancies.  Ranch  Hand  enlisted  groundcrew,  the  occupation 
with  the  highest  dioxin  levels  and,  presumably,  the  highest  herbicide  exposure,  exhibited  a 
decreased  prevalence  (relative  risk=0.78,  95%  confidence  interval:  [0.51,1.19]).  Enlisted  flyers 
(relative  risk=1.63,  95%  confidence  interval:  [0.91,2.92])  and  officers  (relative  risk=1.14,  95% 
confidence  interval:  [0.79, 1 .65]),  occupations  with  lower  dioxin  levels,  exhibited  nonsignificant 
increases  in  the  prevalence  of  malignant  disease.  The  risk  of  malignant  disease  was 
nonsignificantly  increased  among  Ranch  Hands  having  the  highest  dioxin  levels  (relative  risk=1.01, 
95%  confidence  interval:  [0.66,1.57]).  Longitudinal  analyses  found  no  significant  group 
differences  with  regard  to  the  risk  of  malignancy  and  no  pattern  suggestive  of  an  adverse  relation 
between  herbicide  or  dioxin  exposure  and  the  occurrence  of  malignant  neoplastic  disease. 

In  conclusion,  diabetes  and  cardiovascular  abnormalities  represent  the  most  important  dioxin-related  health 
problems  seen  in  the  AFHS.  These  two  areas  appear  to  have  the  greatest  magnitude  of  effect  in  terms  of 
quality  of  life  and  healthcare  costs.  Clearly,  there  are  biological  interrelations  among  both  of  these 
outcomes  that  make  interpretations  difficult.  From  a  public  health  perspective,  these  two  areas  demand  the 
greatest  attention. 
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1  INTRODUCTION 


This  chapter  describes  the  purpose  and  background  of  the  Air  Force  Health  Study  (AFHS),  and  provides 
an  overview  of  the  study  design,  morbidity  component,  and  format  of  this  report.  In  addition,  it  provides 
considerations  that  should  be  made  when  interpreting  the  results  provided  in  this  report. 


1 .1  PURPOSE  OF  THE  REPORT 

The  subject  of  this  report  is  the  1997  morbidity  follow-up  study  of  the  AFHS.  The  objective  of  the 
morbidity  follow-up  is  to  continue  the  investigation  of  the  possible  long-term  health  effects  following 
exposure  to  herbicides  with  specific  emphasis  on  Herbicide  Orange  containing  2,4-D,  2,4,5-T,  and 
2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD)  or  dioxin.  The  principal  investigators  and  the  AFHS  reports 
have  focused  on  TCDD.  This  focus  has  been  the  direction  for  most  of  the  study  as  derived  from  the  early 
peer  review  groups,  review  of  the  literature,  and  the  Advisory  Committee.  However,  Model  1,  the  Ranch 
Hand  versus  Comparison  contrast,  does  address  in  a  general  way  the  exposure  to  picloram  and  cacodylic 
acid.  In  addition,  dioxin  is  a  biomarker  that  the  study  has  used  as  a  surrogate  to  estimate  exposure  to 
phenoxy  herbicides,  described  in  greater  detail  in  Section  1 .6.2  of  this  chapter.  This  report  describes  the 
procedures  and  results  of  this  follow-up  study.  It  was  written  primarily  for  epidemiologists,  clinicians, 
and  biostatisticians.  Familiarity  with  the  Study  Protocol  and  prior  mortality  and  morbidity  reports  is 
essential  to  a  full  understanding  of  this  20-year  study.  This  report  format  has  been  established  to  be 
similar  to  previous  reports  so  that  readers  can  compare  results  across  study  cycles.  All  statistical 
analyses  in  this  report  were  prescribed  by  the  Air  Force  prior  to  data  collection.  This  report,  prepared  by 
Science  Applications  International  Corporation  (SAIC),  is  submitted  as  partial  fulfillment  of  Air  Force 
Contract  No.  F4I624-96-C-1012. 


1.2  BACKGROUND 

In  January  1962,  President  John  F.  Kennedy  approved  a  program  of  aerial  herbicide  dissemination  for  the 
purpose  of  defoliation  and  crop  destruction,  in  support  of  tactical  military  operations  in  the  Republic  of 
Vietnam  (RVN).  This  program,  code-named  Operation  Ranch  Hand,  dispersed  approximately  19  million 
gallons  of  herbicides  on  an  estimated  10  to  20  percent  of  South  Vietnam  from  1962  to  1971.  The 
herbicides  sprayed  were  code  named  Herbicide  Green,  Herbicide  Pink,  Herbicide  Purple,  Herbicide 
Orange,  Herbicide  White,  and  Herbicide  Blue.  2,4,5-T  was  an  active  ingredient  in  Green,  Pink,  Purple, 
and  Orange,  and  TCDD  was  produced  as  an  inadvertent  contaminant  of  2,4,5-T  during  the  manufacturing 
process.  2,4-D  was  an  active  ingredient  in  Purple,  Orange,  and  White.  Picloram  was  an  active  ingredient 
in  White;  cacodylic  acid  was  the  active  ingredient  in  Blue.  Of  the  19  million  gallons  of  herbicide 
dispersed,  approximately  1 1  million  gallons  were  Herbicide  Orange,  also  called  Agent  Orange,  the 
primary  defoliant  of  the  six  herbicides  used  in  the  program  (1,  2). 

From  the  start.  Operation  Ranch  Hand  was  heavily  scrutinized  because  of  the  controversial  nature  of  the 
program  and  the  political  sensitivity  to  charges  of  chemical  warfare  contained  in  enemy  propaganda.  The 
concerns  were  initially  based  on  military,  political,  and  ecological  issues,  but  shifted  to  issues  of  health  in 
1970.  The  primary  concern  in  the  controversy  over  the  human  health  effects  of  these  herbicides  was 
related  to  the  dioxin  impurity  created  as  a  byproduct  in  the  manufacturing  process  of  2,4,5-T,  a 
component  in  four  of  the  six  herbicides  released.  The  Air  Force  estimates  that  368  pounds  of  dioxin 
were  released  over  6  million  acres  in  South  Vietnam  (1).  Claims  of  exposure  to  herbicides,  particularly 
to  Herbicide  Orange,  and  perceived  adverse  health  effects  among  U.S.  military  service  personnel  resulted 


1-1 


in  substantial  controversy  and,  eventually,  a  class  action  litigation.  Social  concern  for  the  Herbicide 
Orange  issue  continues  to  be  reflected  in  scientific  research,  media  presentations,  congressional  hearings, 
and  legal  action. 

Since  1970,  governmental  agencies,  universities,  and  industrial  firms  have  funded  numerous  human  and 
animal  studies  of  dioxin  effects.  A  key  scientific  issue  in  these  studies  was  the  extent  of  exposure  (e.g., 
who  was  exposed  and  to  what  extent  each  individual  was  exposed).  Unfortunately,  in  many  of  the  human 
studies,  population  identification  and  exposure  estimation  have  been  scientifically  elusive. 

In  October  1978,  the  Air  Force  Deputy  Surgeon  General  made  a  commitment  to  Congress  and  the  White 
House  to  conduct  a  health  study  on  the  Operation  Ranch  Hand  population.  This  population  comprised 
the  aviators  and  ground  support  crews  who  disseminated  the  majority  of  the  defoliants  in  the  RVN.  The 
Surgeon  General  tasked  the  U.S.  Air  Force  School  of  Aerospace  Medicine  at  Brooks  Air  Force  Base, 
Texas,  to  develop  a  study  protocol.  In  1982,  after  extensive  peer  review,  the  epidemiological  study 
began  and  the  Study  Protocol  was  published  (3).  The  Brooks  Air  Force  Base  organizations  responsible 
for  executing  the  protocol  have  been  reorganized  and  renamed  several  times  from  1982  to  the  present. 
Currently,  the  Air  Force  Research  Laboratory,  Human  Effectiveness  Directorate,  is  responsible  for  the 
technical  aspects  of  the  study,  and  the  Aeronautical  Systems  Center,  Human  Systems  Program  Office,  is 
responsible  for  program  management. 

Studies  of  serum  dioxin  levels  have  suggested  that  of  all  the  military  personnel  who  served  in  the  RVN, 
the  Ranch  Hand  cohort  was  one  of  the  most  highly  exposed  to  herbicides.  In  1987,  when  the  serum  assay 
became  available,  the  Air  Force  initiated  a  collaborative  study  with  the  Centers  for  Disease  Control  and 
Prevention  (CDC)  to  measure  the  serum  dioxin  levels  in  the  AFHS  population.  The  results  of  that  study 
demonstrated  that  substantial  elevated  levels  of  dioxin  could  still  be  found  in  the  serum  of  some  Ranch 
Hands  (4,  5).  If  dioxin  caused  an  adverse  health  effect,  then,  based  on  the  principle  of  dose-response,  the 
Ranch  Hands  should  have  manifested  more  or  earlier  evidence  of  adverse  health. 


1.3  STUDY  DESIGN 

The  purpose  of  the  AFHS  is  to  determine  whether  adverse  health  effects  relative  to  a  similar  but 
unexposed  group  of  Air  Force  veterans  exist  and  can  be  attributed  to  occupational  exposure  to  Herbicide 
Orange.  The  study,  consisting  of  mortality,  morbidity,  and  reproductive  outcome  components,  is  based 
on  a  matched  cohort  design  in  a  nonconcurrent  prospective  setting  with  follow-up  studies.  A  baseline 
morbidity  study  and  five  follow-up  morbidity  studies  over  20  years  provide  a  comprehensive  approach  to 
the  detection  of  adverse  health  effects.  Complete  details  on  the  design  are  provided  in  the  Study 
Protocol. 

For  the  baseline  study,  the  population  ascertainment  process  identified  1,264  Ranch  Hand  personnel  who 
served  in  the  RVN  between  1962  and  1971.  At  the  beginning  of  the  study,  a  Comparison  group  was 
identified  consisting  of  veterans  assigned  to  Air  Force  units  operating  C-130  cargo  aircraft  in  Southeast 
Asia.  A  computerized  selection  procedure  was  used  to  identify  Comparisons  with  similar  characteristics 
to  each  Ranch  Hand  veteran.  A  maximum  of  10  Comparisons  for  each  Ranch  Hand  was  selected, 
matching  on  age,  race,  and  military  occupation  (officer-pilot;  officer-navigator;  officer-other;  enlisted 
flyer;  enlisted  groundcrew).  After  personnel  records  review,  an  average  of  eight  Comparison  subjects 
were  matched  to  each  Ranch  Hand. 

A  replacement  strategy  was  devised  to  maintain  participation  of  the  Comparisons.  Noncompliant 
Comparisons  were  to  be  replaced  by  Comparisons  with  the  same  values  of  the  matching  variables  (age, 
race,  and  military  occupation  at  the  baseline  examination)  and  the  same  health  perception.  In  this  way, 
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the  Replacement  Comparisons  would  serve  as  surrogates  for  Comparisons  who  refused  to  participate. 
Complete  information  on  the  selection  and  participation  of  study  subjects  can  be  found  in  Chapter  5, 
Study  Selection  and  Participation. 

The  mortality  component  addresses  mortality  from  the  time  of  the  RVN  assignment.  A  baseline 
mortality  study  was  conducted  in  1982,  and  the  mortality  follow-up  study  consists  of  annual  mortality 
updates  for  20  years.  For  the  baseline  mortality  study  and  the  first  four  updates,  five  individuals  were 
randomly  selected  from  the  matched  Comparison  set  for  each  Ranch  Hand  for  a  1:5  design.  After  1987, 
the  design  was  expanded  to  include  all  19,080  veterans  in  the  Comparison  population. 


1.4  MORBIDITY  COMPONENT 

The  baseline  morbidity  component,  begun  in  1982,  reconstructed  the  medical  history  of  each  participant 
by  reviewing  and  coding  past  medical  records.  A  cross-sectional  element,  designed  to  assess  the 
participant’s  current  state  of  physical  and  mental  health,  was  based  on  comprehensive  physical 
examinations  and  questionnaires.  For  the  morbidity  component  of  the  study,  each  living  Ranch  Hand  and 
a  random  living  member  of  his  Comparison  set  were  selected  to  participate  in  the  examination.  The 
morbidity  study  follow-up  comprises  sequential  questionnaires,  medical  records  review,  and  physical 
examinations  in  1985,  1987,  1992,  1997,  and  2002.  Participation  was  voluntary  and  each  participant 
signed  an  informed  consent  form  at  the  examination  site.  Previous  study  results  are  summarized  in  each 
clinical  chapter. 

The  baseline  morbidity  assessment,  conducted  in  1982,  disclosed  few  differences  between  the  Ranch 
Hands  and  Comparisons  (6).  The  sustained  commitment  to  pursue  the  Herbicide  Orange  question  to  its 
scientific  conclusion  was  demonstrated  by  the  conduct  of  the  first  two  morbidity  follow-up  studies  in 
1985  and  1987.  These  examinations  provided  the  opportunity  to  confirm  or  reftite  some  of  the  baseline 
findings  and  to  explore  subtle  longitudinal  changes.  In  the  follow-up  examinations,  the  physical  and 
mental  health  status  of  the  participants  during  the  time  interval  since  the  baseline  study  was  assessed. 

The  results  of  the  follow-up  studies  showed  a  subtle  but  consistent  narrowing  of  medical  differences 
between  the  Ranch  Hands  and  Comparisons  since  the  baseline  study  in  1982.  There  was  not  sufficient 
evidence  to  implicate  a  relation  between  herbicide  exposure  and  adverse  health  in  the  Ranch  Hand  group. 

For  the  baseline  study  and  the  1985  and  1987  follow-up  studies,  the  major  focus  of  the  analyses  was  to 
compare  the  health  status  of  the  Ranch  Hands  (i.e.,  the  exposed  cohort)  with  that  of  the  Comparisons 
(i.e.,  the  unexposed  cohort).  Methodology  to  measure  dioxin  body  burden  in  blood  was  not  made 
available  until  February  1987.  During  the  1987  physical  examination,  the  Air  Force  initiated  a 
collaborative  study  with  CDC  to  measure  dioxin  levels  in  the  serum  of  Ranch  Hands  and  Comparisons 
(4, 7,  8).  The  measurement  of  serum  dioxin  levels  led  to  a  statistical  evaluation  to  assess  dose-response 
relations  between  dioxin  and  the  approximately  300  health-related  endpoints  in  12  clinical  areas.  This 
was  the  first  large-scale  study  of  dose-response  effects  based  on  a  direct  measurement  of  current  dioxin. 
The  statistical  analyses  associated  with  the  serum  data  evaluated  the  association  between  a  specified 
health  endpoint  and  dioxin  among  the  Ranch  Hands.  The  analyses  also  contrasted  the  health  of  various 
categories  of  Ranch  Hands  having  differing  serum  dioxin  levels  with  the  health  of  Comparisons  having 
background  levels  (10  parts  per  trillion  (ppt)  or  less)  of  serum  dioxin  (9).  The  analysis  of  dose-response 
relations  based  on  serum  assays  provided  an  important  enhancement  from  the  previous  AFHS 
investigations. 

In  1992,  the  fourth  examination  was  initiated.  During  a  2V4-year  period,  data  for  12  clinical  areas  were 
collected  and  analyzed.  As  in  previous  reports,  the  analysis  focused  on  group  differences  between  the 
Ranch  Hand  and  Comparison  cohorts,  as  well  as  on  the  association  of  each  health-related  endpoint  with 
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extrapolated  initial  and  current  serum  dioxin  levels.  Findings  revealed  a  consistent  relation  between 
dioxin  and  body  fat  that  was  initially  noted  in  the  analysis  of  the  1987  examination  results.  Cholesterol 
and  the  cholesterol-to-HDL  ratio  were  found  to  be  associated  with  current  serum  dioxin  levels  (10). 
Evidence  for  a  possible  association  between  glucose  intolerance,  impaired  insulin  production,  and  dioxin 
levels  was  revealed.  Also  revealed  was  a  significant  association  between  selected  peripheral  pulse 
abnormalities  and  dioxin  levels,  and  a  significant  decrement  in  self-perceived  health  status  of  Ranch 
Hands.  Other  health  endpoints  revealed  no  consistent  patterns  within  or  across  clinical  areas  that  were 
suggestive  of  an  adverse  relation  between  health  and  herbicide  or  dioxin  exposure. 

The  fifth  examination  began  in  1997.  As  in  1985,  1987,  and  1992,  this  study  was  conducted  by  SAIC  in 
conjunction  with  Scripps  Clinic  and  National  Opinion  Research  Center  (NORC).  Analysis  of  data 
collected  at  the  1997  study  was  the  basis  for  this  report.  In  a  departure  from  previous  AFHS  reports, 
dermatologic  and  renal  diseases,  other  than  cancer,  were  not  summarized  in  this  report.  Summaries  of 
malignant  skin  conditions,  as  well  as  cancers  of  the  genitourinary  system  and  kidneys,  were  included  in 
the  neoplasia  chapter.  In  past  reports,  the  dermatologic  assessment  placed  primary  emphasis  on  six 
dermatologic  disorders:  comedones,  acneiform  lesions,  acneiform  scars,  inclusion  cysts,  depigmentation, 
and  hyperpigmentation.  Secondary  emphasis  was  given  to  a  composite  variable  consisting  of  16  other 
minor  conditions  (generally  not  associated  with  chloracne).  No  significant  difference  was  found  for  any 
of  these  variables  in  the  unadjusted  analyses.  The  adjusted  analyses  closely  mirrored  the  unadjusted 
analyses,  with  no  significant  difference  noted  between  groups  for  any  variable.  Exposure  index  analyses 
supported  dose-response  relations  for  some  of  the  variables  in  certain  occupational  strata,  but  did  not 
reveal  a  strong  pattern  of  results  suggesting  a  relation  between  skin  disease  and  herbicide  exposure.  In 
addition,  a  recently  published  analysis  found  no  evidence  of  chloracne  in  Ranch  Hand  veterans  and  no 
detectable  relation  between  dioxin  and  acne  (11).  While  a  dermatology  examination  was  completed  on 
each  participant,  because  of  these  results  in  previous  follow-up  examinations,  a  statistical  assessment  of 
the  data  was  not  performed  for  the  1997  study. 

Medical  histories  of  renal  disease  and  measures  of  renal  function  were  collected  at  the  1997  AFHS 
physical  examination;  however,  assessment  of  the  renal  data  results  was  not  included  in  this  report  for 
the  following  four  reasons: 

1 .  To  our  knowledge,  there  has  been  no  evidence  that  the  kidneys  are  target  organs  for  dioxin 
toxicity. 

2.  The  Institute  of  Medicine  report  on  veterans  and  Agent  Orange  did  not  mention  nonmalignant 
renal  disease  or  renal  function  as  a  possible  outcome  of  dioxin  exposure  (12). 

3.  No  other  epidemiological  study  has  documented  nonmalignant  kidney  disease  or  renal  function 
as  a  target  of  dioxin  toxicity. 

4.  All  previous  statistical  analyses  of  renal  disease  and  renal  function  have  found  no  association 
with  exposure  group  or  with  dioxin  level. 

Although  the  dermatology  and  renal  data  collected  in  the  1997  study  were  not  analyzed  for  this  report, 
they  will  be  combined  with  the  results  from  the  2002  physical  examination  and  summarized  in  the  final 
AFHS  report. 
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1.5  ORGANIZATION  OF  THE  REPORT 

This  report  is  organized  as  follows: 


•  Chapter  1  (Introduction)  provides  summary  background  information  on  the  AFHS  and  discusses 
specific  technical  items  and  issues  that  may  affect  the  different  clinical  area  assessments. 

•  Chapter  2  (Dioxin  Assay)  describes  the  procedure  used  to  draw  blood  for  the  serum  dioxin 
measurements,  the  analytical  method  used  to  determine  the  dioxin  level  from  the  serum,  and  the 
quality  control  (QC)  procedures  associated  with  the  serum  dioxin  data. 

•  Chapter  3  (Questionnaire  Methodology)  gives  an  overview  of  the  development  and 
implementation  of  the  participant  questionnaires. 

•  Chapter  4  (Physical  Examination  Methodology)  describes  the  conduct  and  content  of  the 
physical  examinations. 

•  Chapter  5  (Study  Selection  and  Participation)  presents  the  methods  by  which  participants  were 
selected  and  scheduled.  This  chapter  also  presents  a  discussion  of  the  participant  replacement 
strategy,  the  factors  known  or  suspected  to  influence  study  participation,  and  sources  of  potential 
bias. 

•  Chapter  6  (Quality  Control)  provides  an  overview  of  the  specific  quality  assurance  and  QC 
measures  developed  and  used  throughout  the  1997  follow-up  study. 

•  Chapter  7  (Statistical  Methods)  documents  the  statistical  methods  used  in  the  individual  clinical 
area  assessments  and  the  statistical  procedures  and  results  of  the  half-life  analyses  performed  by 
the  Air  Force. 


•  Chapter  8  (Covariate  Associations  with  Estimates  of  Dioxin  Exposure)  examines  the  associations 
between  exposure  (Ranch  Hand,  Comparison,  and  measures  of  dioxin  exposure)  and  the 
individual  co variates  used  in  the  different  clinical  assessments. 


•  Chapters  9  through  18  present  the  results  and  medical  discussions  of  the  statistical  analyses  of 
the  dependent  variables  for  each  clinical  area.  Each  chapter  also  contains  a  brief  overview  of 
pertinent  scientific  literature.  The  10  clinical  chapters  are  as  follows: 


Chapter  9: 
Chapter  10: 
Chapter  1 1 : 
Chapter  12: 
Chapter  13: 
Chapter  14: 
Chapter  15: 
Chapter  16: 
Chapter  17: 
Chapter  18: 


General  Health  Assessment 
Neoplasia  Assessment 
Neurological  Assessment 
Psychological  Assessment 
Gastrointestinal  Assessment 
Cardiovascular  Assessment 
Hematologic  Assessment 
Endocrine  Assessment 
Immunologic  Assessment 
Pulmonary  Assessment 


•  Chapter  19  (Conclusions)  summarizes  the  findings  and  medical  discussions  of  the  10  clinical 
areas. 

•  Chapter  20  (Future  Directions)  summarizes  the  anticipated  future  activities  and  discusses  possible 
modifications  to  the  existing  instruments  and  methodologies  used  to  investigate  the  association 
between  health  status  and  dioxin  exposure. 
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1 .6  INTERPRETIVE  CONSIDERATIONS 


In  interpreting  results  from  any  epidemiological  study,  no  single  result  should  be  evaluated  in  isolation  or 
at  face  value.  Rather,  interpretations  should  be  addressed  in  the  context  of  the  overall  study  design,  the 
data  collection  procedures,  the  data  analysis  methods,  dose-response  effects,  strength  of  association, 
temporal  relation,  biological  plausibility,  and  internal  and  external  consistency.  This  especially  applies 
to  the  AFHS.  This  effort  is  a  large-scale,  prospective  observational  study  in  which  thousands  of 
measurements  are  generated  on  each  participant.  Those  measurements  and  diagnoses  are  subjected  to 
extensive  statistical  analyses,  testing  thousands  of  individual  hypotheses.  Each  positive  result  should  be 
scrutinized  relative  to  other  findings  in  this  and  other  studies,  and  relative  to  the  statistical  methods  used 
and  the  medical  and  biological  plausibility  of  the  results.  Conversely,  the  lack  of  a  positive  result  only 
denotes  that  the  hypothesis  of  no  association  was  not  rejected.  This  has  a  very  different  conclusion  than 
the  possibly  incorrect  assertion  that  there  is  no  effect.  In  addition,  no  epidemiological  study  can  establish 
that  there  is  no  effect;  i.e.,  that  dioxin  is  safe  (13).  Critical  considerations  in  the  evaluation  of  results 
from  this  study  are  reviewed  below.  Other  interpretive  considerations,  such  as  adjustments  to  analyses 
for  known  confounders,  multiple  testing,  trends  in  results  within  a  clinical  area,  and  power  limitations, 
are  discussed  in  greater  detail  in  Chapter  7,  Statistical  Methods. 

1 .6. 1  Study  Design  and  Modeling  Considerations 

Biased  results  will  be  produced  if  the  assumptions  underlying  any  of  the  statistical  models  are  violated. 
Four  models  were  used  in  this  report  to  analyze  the  health  effects  of  herbicide  exposure  in  Vietnam.  The 
first  model  contrasts  the  exposed  population  (Ranch  Hands)  with  an  unexposed  group  (Comparisons). 
The  second  model  evaluates  the  relation  between  estimated  serum  dioxin  levels  from  the  time  of 
exposure  (i.e.,  initial  dioxin)  with  each  health  endpoint.  The  group  contrast  model  is  extended  in  the 
third  model  so  that  the  Ranch  Hand  group  is  divided  into  three  categories  depending  on  1987  levels  and 
estimated  initial  levels  of  serum  dioxin,  and  each  category  is  contrasted  with  the  Comparison  group.  The 
fourth  model  evaluates  the  association  between  the  dependent  variables  and  lipid-adjusted  1987  dioxin 
levels.  The  parameters  of  these  four  models  are  summarized  in  Table  1-1. 

As  in  any  epidemiological  study,  the  group  contrast  (Ranch  Hands  versus  Comparisons)  is  susceptible  to 
bias  toward  the  null  hypothesis  of  no  exposure  effect,  because  of  possible  exposure  misclassification.  It 
may  not  be  true  that  all  Ranch  Hands  and  no  Comparisons  were  occupationally  exposed.  Recent  dioxin 
data  indicate  that  44  percent  of  the  Ranch  Hands  have  only  background  serum  dioxin  levels.  These 
Ranch  Hands  either  were  never  exposed  or  their  initially  elevated  serum  dioxin  levels  may  have 
decreased  to  background  levels  during  the  time  period  between  exposure  and  serum  dioxin  measurement. 
The  AFHS  has  no  additional  data  with  which  to  determine  whether  Ranch  Hands  currently  having 
background  dioxin  levels  had  elevated  levels  in  the  past  because  there  was  no  method  of  measuring 
dioxin  in  blood  prior  to  1987,  and  because  no  blood  was  collected  and  saved  prior  to  1982. 

The  model  analyzing  the  association  between  health  endpoints  and  extrapolated  initial  dioxin  levels 
(Model  2)  also  is  vulnerable  to  bias  because  it  directly  depends  on  two  unvalidated  assumptions:  (a)  that 
dioxin  elimination  is  by  first-order  pharmacokinetics,  and  (b)  that  all  Ranch  Hands  have  the  same  dioxin 
half-life  (8.7  years)  (14).  If  dioxin  elimination  is  first-order,  but  some  Ranch  Hands  have  a  shorter  half- 
life  than  others  do,  then  there  would  have  been  misclassification  of  initial  dioxin  levels. 
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Table  1-1.  Parameters  of  Exposure  Assessment  Models 


Model 

!p  Cohort(s)  ; 

K  t  Exposure  Characterized  by:  J 

|  fdotariai^rag'eTridpoint-j 

1 

Ranch  Hands  and 
Comparisons 

All  participants 

Group  (Ranch  Hands  versus 
Comparisons  and  military 
occupation) 

2 

Ranch  Hands 

Lipid-adjusted  1987 
dioxin  measurement 

>10  ppt 

Extrapolated  initial  dioxin 

Body  fat  at  time  of 
blood  measurement  of 
dioxin 

3 

Ranch  Hands  and 
Comparisons 

RH:  1987  dioxin 
measurement 

C:  Lipid-adjusted  dioxin 
measurement  <10  ppt 

Group  (Ranch  Hands  versus 
Comparisons);  Ranch  Hands 
categorized  according  to  1987 
dioxin  and  estimated  initial 
dioxin  levels 

Body  fat  at  time  of 
blood  measurement  of 
dioxin 

4 

Ranch  Hands 

1987  dioxin 

measurement 

Lipid-adjusted  1987  dioxin: 
(102.6*whole- weight  1987 
dioxin/total  lipids) 

Note:  RH  =  Ranch  Hands. 
C  =  Comparisons. 


The  half-life  of  dioxin  has  been  found  to  change  significantly  with  percent  body  fat  in  213  Ranch  Hand 
veterans  with  three  dioxin  measurements,  derived  from  serum  drawn  in  1982,  1987,  and  1992  (14).  The 
half-life  increased  significantly  with  higher  levels  of  obesity.  The  constant  8.7-year  half-life  used  in  this 
report  was  an  estimate  derived  without  adjustment  for  body  fat  (14).  As  a  partial  solution  to  the  observed 
relation  between  half-life  and  obesity,  analyses  using  dioxin  or  initial  dioxin  (Models  2  and  3)  were 
adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  (see  Chapter  7,  Statistical 
Methods).  A  recent  study  of  dioxin  elimination  in  20  men  exposed  during  the  Seveso  accident  has 
validated  the  first-order  model  (15),  which  was  the  basis  for  the  half-life  estimate  used  in  this  report; 
however,  validated  models  of  dioxin  elimination  adjusted  for  body  fat  or  changes  in  body  fat  have  not  yet 
been  derived. 

To  account  for  the  possible  misclassification  of  exposure  between  groups,  the  third  statistical  model 
categorizes  Ranch  Hands  into  three  levels  of  exposure:  background  levels  of  lipid-adjusted  dioxin,  and 
low  and  high  levels  of  estimated  initial  dioxin.  Each  Ranch  Hand  dioxin  category  is  contrasted  with 
Comparisons  having  background  levels  of  lipid-adjusted  dioxin.  Although  this  model  is  less  dependent 
upon  the  accuracy  of  the  initial  dioxin  estimation  procedure  than  the  model  using  continuous  initial 
dioxin  estimates,  the  classification  of  the  Ranch  Hands  is  subject  to  bias  if  the  half-life  and  first-order 
dioxin  elimination  assumptions  are  not  true.  Also,  the  Ranch  Hands  with  background  levels  of  lipid- 
adjusted  serum  dioxin  may  contain  both  unexposed  Ranch  Hands  and  exposed  Ranch  Hands  whose 
serum  dioxin  levels  have  decreased  to  background  levels.  This  will  result  in  a  bias  toward  the  null 
hypothesis  of  no  dioxin  effect  on  the  health  endpoint. 

The  model  that  analyzes  the  association  between  a  1987  dioxin  measurement  and  health  endpoints 
(Model  4)  may  be  less  subject  to  bias  than  Models  1, 2,  and  3;  however,  recent  dioxin  levels  may  not  be  a 
good  measure  of  exposure  if  serum  dioxin  elimination  rates  differ  among  individuals.  Serum  dioxin 
levels  were  extrapolated  from  1992  measurements  to  1987  for  Ranch  Hand  veterans  without  serum 
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dioxin  levels  measured  in  1987.  Serum  dioxin  levels  also  were  extrapolated  from  1997  measurements  to 
1987  for  Ranch  Hand  veterans  without  levels  measured  in  1987  or  1992.  These  extrapolations  were 
performed  only  if  the  most  recent  measurement  was  greater  than  10  ppt.  Therefore,  these  1987  dioxin 
measurements  are  subject  to  bias  from  a  possible  violation  of  the  half-life  and  first-order  elimination 
assumptions  that  affect  the  initial  dioxin  estimates. 

1.6.2  The  Air  Force  Exposure  Index 

In  the  first  three  AFHS  reports,  summarizing  results  of  physical  examinations  conducted  in  1982,  1985, 
and  1987,  the  potential  relation  between  health-related  endpoints  and  herbicide  exposure  in  Ranch  Hand 
veterans  was  assessed  using  a  calculated  estimate  of  herbicide  and  dioxin  exposure.  This  was  called  the 
Air  Force  exposure  index. 

The  Air  Force  exposure  index  was  calculated  from  military  records  to  measure  the  potential  exposure  of 
a  Ranch  Hand  to  any  of  four  dioxin-containing  herbicides:  Herbicides  Orange,  Purple,  Pink,  and  Green. 
The  index  was  only  an  estimate  of  dioxin  exposure  because  the  actual  concentration  of  dioxin  in  the 
herbicides  varied  with  type  and  lot  and  because  exposure  varied  with  individual  work  habits  and  duties. 
The  calculation  of  the  index  was  necessary  because  direct  measures  of  dioxin  exposure  were  not 
available  at  that  time.  Subsequent  to  1987,  all  outcomes  in  this  study  have  been  assessed  versus  group 
contrasts  and  the  dioxin  body  burden  measured  in  serum.  The  1987  results  were  analyzed  twice,  first 
using  the  Air  Force  exposure  index  (10),  and  then  using  the  dioxin  body  burden  as  the  measure  of 
exposure  (9). 


The  Air  Force  exposure  index  for  a  Ranch  Hand  was  defined  as  the  product  of  a  dioxin  weighting  factor 
and  the  gallons  of  dioxin-containing  herbicides  sprayed  during  his  tour  divided  by  the  number  of  men 
sharing  his  duties  during  his  tour.  This  formula  was  based  on  the  untested  assumption  that  the  exposure 
of  an  individual  decreased  as  the  number  of  men  available  increased.  The  calculation  was  performed  for 
each  month  of  his  tour,  and  the  monthly  results  were  summed  to  produce  a  single  exposure  index  for  each 
Ranch  Hand  veteran.  Each  veteran  was  then  assigned  to  a  low,  medium,  or  high  exposure  category 
depending  on  his  calculated  index  and  the  tertiles  of  the  index  for  his  job  category  (officer-pilot,  officer- 
navigator,  officer-nonflying,  enlisted  flyer,  or  enlisted  groundcrew).  Additional  details  of  the  calculation 
are  given  in  Thomas,  et  al.  (10). 


Both  measures,  the  Air  Force  exposure  index  and  the  serum  dioxin  measurement,  have  limitations.  The 
exposure  index  was  approximate  in  that  the  number  of  gallons  sprayed  was  based  on  the  totals  across  all 
bases  rather  than  at  a  specific  base.  In  addition,  the  assumption  that  exposure  decreased  as  the  number  of 
men  available  increased  may  not  have  been  reasonable.  Interviews  with  Ranch  Hand  groundcrew  in 
1989  revealed  that  as  the  workload  increased,  more  men  were  added  to  the  job,  resulting  in  more  men 
becoming  exposed  rather  than  each  man  becoming  less  exposed.  Finally,  the  spectrum  of  behaviors, 
skills,  duties,  weather-related  work  stoppages,  work  surges  due  to  war  conditions,  and  other  factors 
(some  known,  some  unknown)  were  not  included  in  the  calculation.  For  example,  some  Ranch  Hand 
groundcrew  had  direct  contact  with  bulk  quantities  of  herbicide  by  filling  the  tanks  and  servicing  the 
equipment,  while  others  drove  trucks  or  forklifts  away  from  the  flight  line.  The  index  did  not  distinguish 
between  these  two  kinds  of  exposure  patterns.  In  addition,  some  Ranch  Hands  were  assigned  to 
administrative  duties,  which  were  indicated  in  their  military  records.  The  Air  Force  exposure  index  was 
defined  as  zero  for  those  assigned  to  administrative  duties. 

The  serum  dioxin  measurement  is  also  limited  as  a  measure  of  exposure.  Although  the  half-life  of  dioxin 
is  long  (8.7  years),  pharmacokinetic  studies  of  Ranch  Hand  veterans  suggest  that  the  half-life  varies  with 
body  fat  (14).  Thus,  some  veterans  may  eliminate  dioxin  quickly  and  others  more  slowly.  Variation  of 
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the  dioxin  half-life  with  body  fat  contributes  to  variation  in  the  extrapolated  initial  dose  at  the  time  of 
exposure.  In  addition,  more  than  40  percent  of  Ranch  Hand  veterans  have  background  levels,  precluding 
extrapolation.  Some  of  those  with  background  levels  may  have  had  elevated  levels  while  in  Vietnam, 
while  others  may  not  have  been  occupationally  exposed  at  all.  The  exposure  status  of  Ranch  Hands  with 
background  levels  cannot  be  resolved  with  available  data.  Furthermore,  no  validated  model  exists  with 
which  to  assess  the  adequacy  of  the  estimated  initial  dose  as  an  estimate  of  actual  exposure  among  those 
with  dioxin  levels  above  background  in  1987,  1992,  or  1997.  Use  of  serum  dioxin  measurements  as  a 
measure  of  exposure  in  Vietnam  is  further  confounded  by  the  other  possible  sources  of  dioxin  exposure 
after  service  in  Vietnam.  These  sources  include  industrial  exposure  and  environmental  factors  such  as 
fish  consumption  and  burning  of  plastics. 

The  correlation  between  the  Air  Force  exposure  index  and  serum  dioxin  levels  was  described  in  the 
dioxin  analysis  of  the  1987  physical  examination  results  (9).  These  correlations  reflected  the  high 
percentage  of  veterans  who  would  be  misclassified  with  regard  to  dioxin  level  if  the  Air  Force  exposure 
index  was  assumed  as  the  standard.  For  example,  77  of  287  (26.8%)  Ranch  Hand  veterans  in  the  high 
Air  Force  exposure  index  category  had  dioxin  levels  less  than  9  ppt  (see  Table  3.5  of  reference  9). 

Despite  these  limitations,  the  serum  dioxin  level  appears  to  be  the  most  appropriate  measure  of  exposure 
in  this  study  because  of  the  following: 

•  It  is  a  direct  measurement  of  the  contaminant. 

•  It  has  been  accurately  measured  (16). 

•  It  correlates  with  reported  skin  exposure  to  herbicides  among  enlisted  Ranch  Hand  veterans  (17). 

•  Its  elimination  in  Ranch  Hand  veterans  has  followed  a  plausible  pharmacokinetic  pattern  (14). 

•  It  has  been  found  plausibly  associated  with  health  conditions  in  this  study  and  in  other  studies 

(12). 

Throughout  this  report,  dioxin  levels  are  used  as  measures  of  both  exposure  to  dioxin  itself  and  exposure 
to  dioxin-contaminated  herbicides,  including  Herbicide  Orange.  Direct  contrasts  of  Ranch  Hand  and 
Comparison  veterans  (Model  1)  address  the  hypothesis  of  health  effects  attributable  to  any  herbicide 
exposure  experienced  by  Ranch  Hand  veterans  during  Operation  Ranch  Hand.  Models  involving  dioxin 
measurements  address  the  hypothesis  that  health  effects  change  with  the  amount  of  exposure.  Dioxin 
measurements  are  used  as  a  measure  of  exposure  to  dioxin-contaminated  herbicides  because  it  is 
expected  that  as  exposure  to  such  herbicides  increased,  dioxin  levels  should  increase.  Therefore,  the 
dioxin  measurement  serves  as  a  direct  biomarker  of  exposure  to  dioxin-contaminated  herbicides.  No 
other  direct  measure  or  estimate  of  herbicide  exposure  is  available  with  which  to  address  hypothetical 
dose-response  relations  with  health.  Some  indirect  measures,  such  as  self-report  of  skin  contact  among 
enlisted  groundcrew,  or  simply  being  a  Ranch  Hand  enlisted  groundcrew  member,  are  valuable 
alternatives  because  dioxin  measures  suggest  that  enlisted  groundcrew  experienced  the  heaviest 
exposures.  Reported  skin  exposure  is  not  addressed  in  this  report,  but  enlisted  groundcrew  status  is 
addressed  in  Model  1.  The  use  of  dioxin  as  a  measure  of  exposure  to  dioxin-contaminated  herbicides  is 
consistent  with  the  goal  of  the  study,  which  is  to  determine  whether  health  effects  exist  and  can  be 
attributed  to  occupational  exposure  to  Herbicide  Orange  (3). 

1.6.3  Information  Bias 

Information  bias,  represented  by  the  over-  or  under-reporting  of  disease  symptoms,  was  minimized  by 
verifying  all  diseases  and  conditions  with  medical  records.  It  is  possible  that  conditions  in  Ranch  Hands 
may  be  more  verifiable  because  they  may  have  been  seen  by  physicians  more  often  than  Comparisons. 
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This  would  be  revealed  by  group  differences  in  the  quantity  and  content  of  medical  records.  Because 
there  is  no  way  to  quantify  these  aspects,  this  potential  source  of  bias  remains  unexplored.  This  bias,  if  it 
exists,  would  affect  only  the  models  contrasting  Ranch  Hands  and  Comparisons  (Models  1  and  3) 
because  Comparison  data  were  not  used  in  Models  2  and  4.  Information  bias  due  to  errors  in  the  data 
introduced  through  data  entry  or  machine  error  is  negligible.  All  laboratory  results  were  subject  to  strict 
QC  procedures,  historical  data  were  verified  completely  by  medical  records  review,  and  medical  data 
were  subjected  to  strict  QC  standards  (Chapter  6,  Quality  Control). 

1 .6.4  Consistency  of  Results 

All  statistically  significant  findings  in  this  report  were  subjected  to  clinical  review,  ensuring  internal 
consistency  throughout  the  report.  In  addition,  these  findings  were  compared  to  published  results  from 
other  studies  to  ensure  external  consistency. 

1 .6.5  Strength  of  Association 

A  strong  adverse  association  between  exposure  and  a  disease  condition,  if  it  exists,  would  be  revealed  by 
an  increased  relative  risk.  Some  authors  have  suggested  that  a  statistically  significant  relative  risk 
greater  than  2.0  is  cause  for  concern  (18).  Statistically  significant  relative  risks  less  than  2.0  are 
generally  considered  to  be  less  important  than  larger  risks  because  relative  risks  less  than  2.0  can  arise 
more  easily  because  of  unrecognized  bias  or  confounding.  Relative  risks  greater  than  5.0  are  less  subject 
to  this  concern.  The  numbers  2.0  and  5.0  are  epidemiological  guidelines  regarding  analyses  of 
association  between  a  dichotomous  endpoint  (disease,  no  disease)  and  exposure  (yes,  no).  No  such 
general  guidelines  have  been  formulated  regarding  the  analysis  of  continuously  distributed  endpoints 
(such  as  cholesterol)  versus  continuously  distributed  exposure  (such  as  initial  or  recent  serum  dioxin 
measurements). 

Statistical  power  is  also  an  issue  in  a  study  of  a  population  this  size.  A  study  with  a  population  of  2,121 
lacks  power  to  determine  increases  in  relative  risks  for  rare  events  (such  as  soft  tissue  sarcoma)  because 
such  events  are  unlikely  to  occur  in  large  numbers  in  a  group  this  small.  While  certain  occupational 
toxins  have  a  clear  diagnostic  pathology  (e.g.,  mesothelioma  for  asbestos,  hepatic  angiosarcoma  for  vinyl 
chloride)  virtually  nonexistent  in  the  absence  of  the  toxin,  other  toxins  merely  increase  the  risk  of 
nondiagnostic  pathology.  For  example,  this  study  would  likely  not  discern  an  increase  in  the  relative  risk 
for  a  rare  tumor  that  does  not  have  a  clear  diagnostic  pathology.  By  assessing  the  pathology  observed  in 
association  with  other  known  environmental  risk  factors  (e.g.,  tobacco  use,  alcohol  use),  it  is  sometimes 
possible  to  provide  a  limit  in  the  magnitude  of  effect  missed;  however,  this  study  has  inherent  bounds  in 
detecting  modest  increases  in  relative  risk  for  infrequent  pathology. 

1 .6.6  Biological  Plausibility 

The  assessment  of  biological  plausibility  requires  consideration  of  a  biological  mechanism  relating  the 
exposure  and  effect  of  interest.  While  a  lack  of  biological  credibility  or  even  a  contradiction  of 
biological  knowledge  can  lead  to  the  dismissal  of  a  significant  result,  the  failure  to  perceive  a  mechanism 
may  reflect  only  ignorance  of  the  state  of  nature.  On  the  other  hand,  it  is  easy  to  hypothesize  biological 
mechanisms  that  relate  almost  any  exposure  to  almost  any  disease.  Thus,  while  important,  the  biological 
explanation  of  results  must  be  interpreted  with  caution.  In  the  AFHS,  statistically  significant  results  are 
subjected  to  medical  review  and  comparison  with  previously  published  results  in  order  to  identify 
consistent  and  biologically  plausible  results. 
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1 .6.7  Interpretation  of  Nonsignificant  Results 

In  this  study,  a  lack  of  significant  results  relating  dioxin  to  a  particular  disease  only  means  that  the  study 
is  unable  to  detect  a  relation  between  dioxin  and  health.  This  does  not  imply  that  a  relation  may  not 
exist,  but  that  if  it  does  exist,  it  was  not  detected.  A  lack  of  significant  results  does  not  mean  that  dioxin 
is  safe  or  that  there  is  no  relation  between  dioxin  and  health.  The  AFHS  was  not  designed  to  establish 
safety;  rather,  this  study  was  designed  to  determine  whether  a  hazard  existed  for  the  exposed  personnel. 
Determination  of  safety  would  require  a  study  at  least  10  times  as  large,  as  determined  in  a  1985  study 
presenting  minimal  sample  size  criteria  for  proof  of  safety  and  hazard  in  studies  of  environmental  and 
occupational  exposures  (13). 

1.6.8  Extrapolation  to  Armed  Forces  Ground  Troops 

Extrapolation  of  the  serum  dioxin  results  to  the  general  population  of  ground  troops  who  served  in 
Vietnam  was  difficult  because  Ranch  Hand  and  ground  troop  exposure  situations  were  very  different. 
Based  on  serum  dioxin  testing  results  obtained  by  CDC  (8)  and  others  (19),  nearly  all  ground  troops 
tested  had  current  levels  of  dioxin  similar  to  background  levels.  Even  combat  troops  who  served  in 
herbicide-sprayed  areas  of  Vietnam  had  current  levels  similar  to  those  in  men  who  never  left  the  United 
States  (with  mean  dioxin  levels  of  4.2  ppt  and  4.1  ppt,  respectively).  The  AFHS  subgroup  most  like  the 
ground  troops  in  terms  of  lipid-adjusted  dioxin  levels  were  the  Ranch  Hands  who  currently  have 
background  levels  of  dioxin.  Therefore,  if  the  results  of  the  AFHS  are  applied  to  the  general  population 
of  other  Vietnam  veterans,  the  focus  should  be  on  the  “Background”  Ranch  Hand  versus  Comparison 
contrast.  Extrapolating  the  results  of  these  analyses  to  other  Vietnam  veterans  still  should  be  made 
cautiously,  however.  There  may  be  demographic  distinctions  between  the  “Background”  group  of  Ranch 
Hands  and  other  Vietnam  veterans  that  may  be  related  to  health.  Also,  if  Ranch  Hands  with  background 
levels  of  lipid-adjusted  serum  dioxin  showed  a  significant  adverse  health  effect  relative  to  Comparisons, 
but  if  there  was  no  significant  effect  for  Ranch  Hands  with  high  serum  dioxin  levels,  the  plausibility  of 
such  an  effect  would  be  questionable,  because  this  would  not  indicate  a  dose-response  effect.  In  general, 
the  analyses  in  this  report  found  that  Ranch  Hands  with  background  levels  of  lipid-adjusted  dioxin  did 
not  show  a  significant  adverse  health  effect  relative  to  Comparisons. 

1.6.9  Considerations  for  Summarizing  Results 

A  study  of  this  scope  with  a  multitude  of  endpoints  demands,  and  at  the  same  time  defies,  meaningful 
summary  tabulation.  Such  summaries  can  be  misleading  because  they  ignore  correlations  between  the 
endpoints,  correlations  between  study-examination  results,  and  the  nonquantifiable  medical  importance 
of  each  endpoint.  In  fact,  many  endpoints  are  correlated  (e.g.,  psychological  scales  and  indices 
developed  from  combining  multiple  variables).  In  addition,  such  tabulations  combine  endpoints  that  are 
not  medically  or  biologically  comparable.  For  example,  diminished  sense  of  smell  is  of  less  medical 
importance  than  the  presence  of  a  malignant  neoplasm.  Nevertheless,  the  AFHS  presents  a  summary  of 
all  statistical  results  in  Appendix  G  of  this  report.  These  summaries,  however,  can  be  misleading  and 
must  be  interpreted  carefully — an  elementary  tally  of  significant,  or  nonsignificant,  results  is  not 
appropriate. 
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2  THE  DIOXIN  ASSAY 


2.1  PARTICIPANTS  SELECTED  FOR  DIOXIN  MEASUREMENT 

The  eligibility  for  participants  at  the  1997  physical  examination  to  have  a  blood  measurement  of  dioxin 
was  determined  by  assignment  to  one  of  three  categories:  (a)  previous  participants  with  a  quantitative 
dioxin  result  who  were  selected  for  an  additional  blood  measurement  of  dioxin  to  advance 
pharmacokinetic  studies  (1),  (b)  previous  participants  returning  to  the  1997  physical  examination  with  no 
prior  dioxin  blood  measurement  or  no  previously  quantitative  dioxin  results,  and  (c)  first-time 
participants.  Of  the  2,121  participants  at  the  1997  follow-up  examination,  a  total  of  594  participants  were 
asked  to  provide  a  blood  sample  for  use  in  analysis  of  serum  dioxin  levels.  Table  2-1  shows  the  number 
of  participants  selected  for  the  1997  dioxin  blood  measurement  belonging  to  each  category  by  exposure 
group  (Ranch  Hand,  Comparison).  Table  2-1  also  gives  the  number  of  actual  dioxin  assay  results 
obtained  that  belonged  to  each  category  by  exposure  group. 


Table  2-1.  Participants  with  a  1997  Blood  Measurement  of  Dioxin 


Returning  participants  with  a  previous  430  0  430  421  0  421 

quantitative  dioxin  result  selected  for 
another  blood  measurement  of  dioxin  to 
advance  pharmacokinetic  studies 

Returning  participants  who  either  18  42  60  17  40  57 

attended  the  1987  or  1992  follow-ups 

but  had  no  previous  dioxin  blood 

measurement  or  no  previous  quantitative 

dioxin  result 

Participants  who  were  selected  for  a  11  93  104  5  80  85 

dioxin  blood  measurement  for  the  first 

time 


Total 


459  135  594  443  120  563 


Table  2-2  displays  the  reasons  why  blood  samples  from  31  participants  were  not  obtained.  Nine 
participants  were  medically  deferred  because  of  pending  surgery  or  a  low  hemoglobin  level,  and  22 
participants  refused  the  blood  measurement  of  dioxin.  Samples  for  the  remaining  563  participants  were 
shipped  to  the  Centers  for  Disease  Control  and  Prevention  (CDC)  for  analysis. 
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Table  2-2.  Participants  Eligible  for  the  1997  Blood  Measurement  of  Dioxin  and  Reasons  for 
Participant  Sample  Exclusions 


HU  Ranch  Hand  | 

|  Comparison 

Total  Eligible  for  Blood  Measurement  of  Dioxin 
Less: 

459 

135 

594 

Medically  Deferred 

(7) 

(2) 

(9) 

Refused 

(9) 

(13) 

(22) 

Total  Specimens  Sent  to  CDC 

443 

120 

563 

2.2  SAMPLE  ACQUISITION 

Following  a  CDC  protocol,  blood  was  drawn  from  consenting  participants  for  the  serum  dioxin  assay  on 
the  morning  of  the  second  day  of  the  1997  physical  examination.  The  participants  were  instructed  to  fast 
after  midnight  (water  was  allowed),  and  samples  were  drawn  with  a  15-gauge  needle  into  a  blood  pack 
unit  without  anticoagulant.  CDC  purchased  blood  bags  in  lots  of  1,200,  packaged  in  50  boxes  of  24  bags 
per  box,  and  tested  one  bag  per  box  to  assess  dioxin  contamination.  If  the  tested  bag  was  found  to  be  free 
of  dioxin  contamination,  the  box  of  24  bags  was  shipped  to  the  Air  Force  for  use  in  the  study. 

Participants  had  280  ml  of  blood  drawn.  After  the  draw,  the  bags  were  clamped,  labeled,  placed  upright, 
and  the  samples  were  allowed  to  clot  at  room  temperature  for  7  hours. 

The  clotted  samples  were  centrifuged  for  15  minutes  at  4,500  revolutions  per  minute  between  4°  and 
10  °C.  The  serum  was  then  transferred  from  the  spun  unit  bag  by  a  plasma  extractor  to  transfer  packs  that 
also  were  tested  and  found  to  be  free  of  dioxin.  The  transfer  packs  were  then  spun  for  15  minutes  at 
4,500  revolutions  per  minute.  The  serum  was  placed  into  four  Wheaton  bottles:  two  4-ounce  bottles  for 
the  serum  dioxin  analysis,  a  5  ml  bottle  for  the  lipid  profile,  and  a  10  ml  bottle  for  the  reserve  serum. 
Samples  were  catalogued  and  stored  at  -70  °C  or  colder  until  shipment.  Appendix  A  contains  the 
detailed  procedures  used  by  Scripps  Clinic  for  the  dioxin  blood  collection  and  processing.  Frozen 
samples  were  packed  in  dry  ice  in  Styrofoam  boxes  and  shipped  weekly  from  Scripps  Clinic  in  La  Jolla, 
California,  to  Brooks  Air  Force  Base,  Texas.  At  Brooks  Air  Force  Base,  inventory  was  taken  and  the 
specimens  were  stored  at  -70  °C  until  shipment  to  CDC.  All  samples  were  coded  so  that  the  CDC  staff 
was  blinded  to  the  exposure  group  status  (Ranch  Hand,  Comparison)  of  each  specimen. 

2.3  ANALYTICAL  METHOD 

The  serum  samples  were  analyzed  for  dioxin  in  groupings  consisting  of  a  method  blank,  three  unknown 
samples,  and  a  quality  control  (QC)  pool  sample  (2,  3).  Cholesterol  esters,  triglycerides,  and  high-density 
lipoprotein  cholesterol  were  determined  in  duplicate  by  standard  methods.  Total  phospholipids  were 
determined  in  duplicate  by  modifying  the  Folch,  et  al.,  procedure  (4,  5).  Free  cholesterol  was  determined 
in  duplicate  by  an  enzymatic  method  (6).  For  each  analysis,  the  mean  result  of  duplicate  analyses  was 
used  to  calculate  the  concentrations  of  total  lipids  using  the  summation  method  (7),  low-density 
lipoprotein  cholesterol,  and  very  low-density  lipoprotein  cholesterol  (8). 

2.4  QUALITY  CONTROL 

Quality  assurance  was  maintained  with  matrix-based  materials  well  characterized  for  dioxin  concentration 
and  isotope  ratios  to  ensure  that  the  analytical  system  was  in  control.  QC  charts  were  maintained  for  each 
of  these  materials  (five  serum  pools).  The  concentration  in  the  QC  sample  from  each  analytical  run  was 
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required  to  be  within  established  99-percent  confidence  limits  (9,  10).  The  unlabeled  and  carbon- 13 
labeled  internal  standard  isotope  ratios  were  required  to  be  within  95-percent  confidence  limits.  All 
analytical  runs  for  the  dioxin  and  lipid  measurements  were  in  control.  No  dioxin  was  detected  in  the 
blanks  (on-column  injection  of  100  femtograms  from  a  standard  solution  produces  detectable  signals 
greater  than  three  times  the  background  noise). 

2.5  DATA  DESCRIPTION 

CDC  delivered  whole- weight  and  lipid-adjusted  dioxin  concentrations  to  the  Air  Force,  together  with  the 
total  sample  weight,  weights  of  lipid  fractions,  total  lipid  weight,  detection  limit,  quantitation  limit,  and 
all  associated  QC  information,  including  results  from  blank  samples.  The  lipid-adjusted  dioxin 
concentration  was  calculated  using  the  whole- weight  dioxin  concentration  and  the  total  lipid  weight. 
Details  of  the  calculation  are  discussed  subsequently  in  this  chapter.  Table  2-3  provides  the  results  of  the 
1997  physical  examination  blood  measurements  of  dioxin  by  exposure  group  and  result  comment.  Result 
comments  are  based  on  whether  the  result  was  measurable,  or  good,  (G);  measurable,  but  below  the  limit 
of  detection  (GND)  or  below  the  limit  of  quantitation  (GNQ);  or  no  result  was  obtained  (NR). 


Table  2-3.  Result  Comments  for  the  1997  Blood  Measurements  of  Dioxin 


Good  Result  (G) 

Good  Result,  Below  Limit  of  Detection  (GND) 
Good  Result,  Below  Limit  of  Quantitation  (GNQ) 
No  Result  (NR) _ _ 


430 

11 

0 

2 


82 

35 

0 

3 


512 

46 

0 

5 


Total 


443 


120 


563 


Note:  The  two  Ranch  Hands  with  no  result  at  the  1997  follow-up  examination  had  a  good  result  at  a  previous 
follow-up  examination. 


The  Air  Force  Health  Study  (AFHS)  dioxin  database  is  a  combination  of  the  dioxin  assay  results  from  the 
1987,  1992,  and  1997  examinations.  Table  2-4  shows  the  number  of  blood  measurements  of  dioxin  by 
year  and  illustrates  the  high  percentage  of  study  participants  who  have  had  dioxin  measurements.  Of  the 
2,121  fully  compliant  participants  for  the  1997  study,  2,101  (99.1%)  had  blood  measurements  of  dioxin  in 
1997  or  in  a  previous  study. 


Table  2-4.  Dioxin  Results  for  1997  Physical  Examination  Participants 


No  Dioxin  Blood  Measurement 

6 

14 

1987  Only 

297 

865 

1,162 

1992  Only 

56 

118 

174 

1997  Only 

12 

93 

105 

1987  and  1992 

68 

134 

1987  and  1997 

153 

6 

159 

1992  and  1997 

5 

7 

12 

1987, 1992,  and  1997 

273 

14 

287 

Total 

870 

1,251 

2,121 

Note:  1987  includes  participants  from  both  the  1987  pilot  study  and  the  1987  follow-up  physical  examination. 
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Participants  may  have  been  assayed  during  any  combination  of  four  events:  the  pilot  study  conducted  in 
April  1987  (9),  the  1987  follow-up  examination  (May  1987  to  March  1988),  the  1992  follow-up 
examination  (May  1992  to  March  1993),  or  the  1997  follow-up  examination  (May  1997  to  April  1998). 
The  majority  of  participants  had  an  assay  in  1987,  through  either  the  pilot  study  or  the  1987  follow-up 
examination.  Consequently,  1987  was  designated  as  the  reference  point  for  post-Southeast  Asia  (SEA) 
serum  dioxin  levels,  termed  “current  dioxin”  in  previous  AJFHS  reports  and  “1987  dioxin”  subsequently 
in  this  report. 

Each  participant  with  a  good  (G  or  GND)  dioxin  result  was  given  a  “reference”  dioxin  assay  result 
derived  from  the  good  result.  When  a  participant  had  multiple  assay  results,  first  priority  was  given  to  the 
1987  pilot-study  dioxin  results,  second  priority  was  given  to  results  derived  from  serum  collected  at  the 
1987  physical  examination,  third  priority  was  given  to  the  1992  results,  and  fourth  priority  was  given  to 
the  1997  results.  Figure  2-1  outlines  this  decision  process  and  shows  that  the  first  quantitative  result  was 
used. 


Figure  2-1.  Decision  Process  for  Determination  of  Dioxin  Results  for  Analysis 
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Of  the  2,121  fully  compliant  participants  at  the  1997  physical  examination,  870  were  Ranch  Hands  and 
1,251  were  Comparisons.  Of  the  2,121  participants,  20  had  never  had  blood  measured  for  dioxin.  Six 
participants  had  missing  dioxin  results  (result  comment  =  NR)  or  nonquantitative  dioxin  results  (result 
comment  =  GNQ).  A  total  of  2,095  participants,  consisting  of  863  Ranch  Hands  and  1,232  Comparisons, 
had  quantitative  dioxin  measurements.  Table  2-5  summarizes  the  sample  sizes  by  exposure  group.  The 
six  participants  with  missing  or  nonquantitative  dioxin  results  are  cross-classified  in  Table  2-6  by  result 
comment  and  exposure  group. 


Table  2-5.  Results  from  Blood  Measurements  of  Dioxin 


1997  Follow-up  Participants 

870 

1,251 

2,121 

Less:  No  Blood  Measurement  of  Dioxin  at  any 

(6) 

(14) 

(20) 

Physical  Examination 

1997  Follow-up  Participants  with  a  Dioxin  Assay 

864 

1,237 

2,101 

Less:  Missing  or  Nonquantitative  (Good  Result,  but 

(1) 

(5) 

(6) 

Below  Limit  of  Quantitation  or  No  Result) 

1997  Follow-up  Participants  with  Quantitative  Dioxin  Results 

863 

1,232 

2,095 

Table  2-6.  Results  from  Blood  Measurements  of  Dioxin  with  Missing  or  Nonquantitative  Results 


'  Assay 

Ran 

HI 

raparison 

§g  Total  T  | 

gnq 

1 

1 

2 

GNQ 

GNQ 

0 

1 

1 

GNQ 

NR 

0 

1 

1 

NR 

0 

2 

2 

Total 

. 

1 

5 

6 

Note:  GNQ  =  Good  result,  below  level  of  quantitation. 
NR  =  No  Result. 


If  the  1987  pilot  study  or  follow-up  measurement  was  not  used,  the  1987  dioxin  level  was  derived  for 
each  participant  in  the  following  manner.  If  the  1992  measurement  was  used,  the  level  was  extrapolated 
to  1987  levels  when  the  1992  dioxin  concentration  surpassed  10  parts  per  trillion  (ppt).  These 
extrapolated  lipid-adjusted  dioxin  values  were  calculated  using  a  first-order  elimination  model  with  a 
half-life  of  8.7  years  and  a  background  level  of  4  ppt.  Levels  at  or  below  10  ppt  were  not  extrapolated 
because  the  first-order  elimination  model  was  not  considered  to  be  valid  at  background  levels  (lipid- 
adjusted  1987  dioxin  levels  <10  ppt).  If  the  1997  measurement  was  used,  the  level  was  extrapolated  to 
1987  levels  when  the  1997  dioxin  concentration  surpassed  10  ppt.  Details  on  the  extrapolation  method 
are  given  in  Chapter  7,  Statistical  Methods.  A  summary  detailing  the  year  the  measurement  was  used  and 
whether  the  dioxin  level  was  extrapolated  to  1987  dioxin  levels  is  provided  in  Table  2-7  by  exposure 
group. 
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Table  2-7.  Summary  of  Number  of  Assays  Used  for  1997  Follow-up  Participant  Dioxin  Measures 


still  ?  i 

Comparison  • 

ipjpp  U  )  Total-.,  \ 

Pilot  (1987) 

127 

44 

171 

1987  Follow-up 

615 

858 

1,473 

1992  Follow-up 

99 

213 

312 

Extrapolated  to  1987 

35 

0 

35 

Not  Extrapolated  to  1987 

64 

213 

277 

1997  Follow-up 

22 

117 

139 

Extrapolated  to  1987 

4 

0 

4 

Not  Extrapolated  to  1987 

18 

117 

135 

Total 

863 

1,232 

2,095 

2.6  LIPID-ADJUSTED  AND  WHOLE-WEIGHT  CURRENT  DIOXIN  MEASUREMENTS 

Serum  dioxin  is  defined  as  the  serum  concentration  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin).  It 
can  be  expressed  as  a  lipid-adjusted  or  a  whole-weight  measurement.  The  lipid-adjusted  dioxin 
measurement,  also  called  “current  dioxin  body  burden,”  is  a  derived  quantity  calculated  from  the  formula 
ppt  =  ppq-  102.6/W,  where  ppt  is  the  lipid-adjusted  concentration,  ppq  (parts  per  quadrillion)  is  the  actual 
weight  of  dioxin  in  the  sample  (also  known  as  whole- weight  dioxin)  in  femtograms,  102.6  corrects  for  the 
average  density  of  serum,  and  W  is  the  total  lipid  weight  of  the  sample  (10). 

The  correlation  between  the  serum  lipid-adjusted  concentration  and  adipose  tissue  lipid-adjusted 
concentration  of  dioxin  has  been  observed  to  be  0.98  in  50  persons  from  Missouri  (11).  Using  the  same 
data,  Patterson,  et  al.,  calculated  the  partitioning  ratio  of  dioxin  between  adipose  tissue  and  serum  on  a 
lipid-adjusted  basis  as  1.09  (95%  confidence  interval:  [0.97,1.21]).  On  the  basis  of  these  data,  a  one-to- 
one  partitioning  ratio  of  dioxin  between  lipids  in  adipose  tissue  and  lipids  in  serum  cannot  be  excluded. 
Measurements  of  dioxin  in  adipose  tissue  generally  have  been  accepted  as  representing  the  body  burden 
concentration  of  dioxin.  The  high  correlation  between  serum  dioxin  levels  and  adipose  tissue  dioxin 
levels  in  the  study  by  Patterson,  et  al.,  suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin 
body  burden. 

Figures  2-2  and  2-3  show  the  distribution  of  serum  lipid-adjusted  dioxin  for  the  863  Ranch  Hands  and 
1,232  Comparisons  whose  results  were  used  in  analyses  of  1987  dioxin  versus  health  in  this  report. 

Figure  2-4  compares  distributions  of  serum  lipid-adjusted  dioxin  concentrations  for  Ranch  Hands  and 
Comparisons  on  the  same  scale  (parts  per  trillion).  Figure  2-5  compares  distributions  of  the  logarithm 
(base  2)  of  serum  lipid-adjusted  dioxin  concentrations  for  Ranch  Hands  and  Comparisons  on  the  same 
scale. 


2-6 


Relative  frequency  (%) 


i.o 
as 
0.6 
0.4 

o 2 
0 

200  300  400  500  600 

Dioxin  Concentration  (parts  pet  Uitlron) 

^ - 1 - 1 - 1 - 1 - 1 - 1 - 1 - r . i - 1 - 1 - 1 - 1 — — i - 1 - r 


Relative  Frequency  Scale  Magnified  for 
Dioxin  Concentrations  Greater  Than  175  pans  per  trillion 


0 


100 


200 


400 


500 


600 


Dioxin  Concentration  (parts  per  trillion) 

Figure  2-2.  Relative  Frequency  Distribution  of  Lipid-adjusted  Dioxin 
Concentrations  for  863  Ranch  Hands 
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Figure  2-3.  Relative  Frequency  Distribution  of  Lipid-adjusted  Dioxin 
Concentrations  for  1 ,232  Comparisons 
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Figure  2-4.  Relative  Frequency  Distribution  of  Lipid-adjusted  Dioxin  Concentrations 
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Figure  2-5.  Relative  Frequency  Distribution  of  the  Logarithm  (Base  2)  of  Lipid- 

adjusted  Dioxin  Concentrations 


Table  2-8  summarizes,  by  military  occupation  and  exposure  group,  the  serum  lipid-adjusted  dioxin  results 
among  the  863  Ranch  Hands  and  1,232  Comparisons  whose  results  were  used  in  the  analyses  of  dioxin 
versus  health  in  this  report.  For  Ranch  Hands,  the  median  level  was  greatest  for  enlisted  groundcrew  and 
least  for  officers. 


Table  2-8.  Lipid-adjusted  Dioxin  Result  Summary 


land 


jOomparison 


Olitary  Gmii 


n 


Officer 

337 

7.4 

0-36.0 

4.0 

Enlisted  Flyer 

151 

16.4 

0-195.5 

186 

3.8 

Enlisted  Groundcrew 

375 

24.0 

0-617.8 

560 

3.6 

Total 

863 

11.6 

0-617.8 

1,232 

3.8 

Note:  ppt  =  parts  per  trillion. 


2.7  SUMMARY 

In  summary,  serum  was  collected  for  dioxin  analysis  for  563  participants  at  the  1997  follow-up  at  Scripps 
Clinic.  The  serum  was  shipped  from  Scripps  Clinic  to  Brooks  Air  Force  Base  to  CDC  according  to  rigid 
protocols.  The  data  collected  from  the  1997  follow-up  assays  were  combined  with  data  from  the  1987 
pilot  study,  1987  follow-up  examination,  and  1992  follow-up  examination  for  use  in  pharmacokinetic 
studies  and  for  determining  post-SEA  dioxin  levels.  After  combining  data  from  this  and  previous  follow¬ 
ups,  a  total  of  863  of  the  870  Ranch  Hands  (98.5%)  and  1,232  of  the  1,251  Comparisons  (99.1%) 
attending  the  1997  follow-up  examination  had  quantitative  dioxin  assay  results. 
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3  QUESTIONNAIRE  METHODOLOGY 


This  chapter  describes  the  development  and  implementation  of  the  two  participant  questionnaires  used  in 
the  1997  follow-up  to  the  Air  Force  Health  Study  (AFHS):  the  1997-98  Health  Interval  Questionnaire 
and  the  1997-98  Study  Subject  Baseline  Questionnaire.  Both  questionnaires  were  formatted  and 
administered  by  the  National  Opinion  Research  Center  (NORC),  a  social  science  research  center  at  the 
University  of  Chicago. 

The  two  1997  questionnaires  were  comparable  to  those  used  in  the  baseline  study  and  the  1985,  1987, 
and  1992  follow-up  efforts.  In  the  1982  baseline  study,  interviews  were  conducted  in  the  participants’ 
homes.  In  the  1985,  1987,  and  1992  studies,  the  follow-up  interviews  were  conducted  in  person  at  the 
physical  examination  site.  The  latter  method  proved  to  be  more  efficient  and  subject  to  better  quality 
control  (QC).  In  all  the  examinations  before  1997,  the  questionnaires  were  administered  in  hard  copy, 
which  was  later  edited  and  key-entered  into  the  final  SAS®1  data  set.  For  the  1997  follow-up,  the 
interview  responses  were  recorded  electronically  on  laptop  computers  using  a  computer-assisted  personal 
interviewing  (CAPI)  system.  This  method  afforded  an  added  measure  of  QC. 

The  baseline  questionnaire  was  administered  to  any  participant  who  had  not  previously  completed  that 
questionnaire.  With  the  exception  of  the  translation  into  the  CAPI  format,  the  baseline  questionnaire  has 
not  changed  since  1982.  The  interval  questionnaire  was  designed  to  capture  the  participant’s  health 
history  in  the  interval  since  participation  in  previous  follow-up  examinations.  In  addition,  the  interval 
questionnaire  elicited  general  health  measures  needed  by  the  debriefing  physicians. 


3.1  QUESTIONNAIRE  DEVELOPMENT 

An  objective  of  questionnaire  development  in  each  follow-up  year  has  been  to  maintain,  to  the  maximum 
extent  possible,  the  question  wording,  context,  and  procedures  used  in  the  1982  baseline  study.  In 
addition,  the  interval  questionnaire  was  often  augmented  to  obtain  data  on  new  areas  of  inquiry.  The 
central  task  of  questionnaire  development  has  been  to  obtain  interval  histories  on  questionnaire  items, 
thereby  updating  the  information  provided  in  previous  follow-up  studies.  For  instance,  if  a  study  subject 
participated  in  the  1992  follow-up,  the  1997-98  Health  Interval  Questionnaire  elicited  an  interval  history 
for  the  period  from  1992  to  1997;  however,  if  the  subject  last  participated  in  the  baseline  study  or  the 
1985  follow-up,  the  1997-98  Health  Interval  Questionnaire  elicited  an  interval  history  from  those  dates 
until  1997. 

3.1.1  Baseline  Questionnaire 

The  baseline  questionnaire  used  during  the  1997  examination  was  developed  in  1982  and  has  never  been 
changed.  The  1982  Study  Subject  Baseline  Questionnaire  obtained  information  on  demographics, 
education,  occupation,  medical  history,  study  compliance,  toxic  exposures,  and  reproductive  history.  In 
general,  responses  to  histories  and  other  questions  where  the  response  does  not  change  over  time  were 
obtained  in  the  baseline  questionnaire.  Each  participant  completed  the  baseline  questionnaire  the  first 
time  he  participated  in  the  study.  In  the  1997  follow-up  study,  no  changes  were  made  to  the  content  of 
the  baseline  questionnaire. 


1  SAS  and  all  other  SAS  Institute,  Inc.,  product  and  service  names  are  registered  trademarks  or  trademarks  of  SAS  Institute,  Inc., 
in  the  USA  and  other  countries. 
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3.1.2  Interval  Questionnaire 

All  participants  were  asked  questions  to  update  their  history  from  previous  interviews.  These  data  were 
obtained  in  the  interval  questionnaire.  For  the  1985  follow-up,  new  questions  on  risk  factors  for  skin 
cancer  and  personality  type  were  added.  Enhancements  were  added  to  the  data  collection  procedures  to 
include  birth  defects  and  drinking  habits,  and  questions  were  included  to  obtain  a  more  detailed  smoking 
history.  The  interval  questionnaire  was  expanded  in  1987  to  include  detailed  drinking  history  and  sleep 
disorder  questions.  Because  some  of  the  study  subjects  did  not  participate  in  the  1985  follow-up,  the 
1987-88  Health  Interval  Questionnaire  was  structured  to  include  one-time  questions  added  in  1985,  such 
as  ethnic  background  and  smoking  history,  for  “rejoining”  participants  (i.e.,  those  who  completed  a 
previous  questionnaire  but  did  not  participate  in  all  examinations). 

The  1992-93  Health  Interval  Questionnaire  added  questions  concerning  occupational  exposure  to  heavy 
metals  and  vibrating  power  tools,  family  health  history  (with  particular  reference  to  diabetes,  heart 
trouble,  and  heart  disease),  further  participant  health  inquiries  (in  particular,  questions  about  diabetes, 
hepatitis  B,  intermittent  claudication,  and  vascular  insufficiency),  and  the  participant’s  normal  level  of 
physical  activity.  In  addition,  the  1992  participants  completed  a  Diet  Assessment  Questionnaire 
developed  by  Walter  Willett  at  Harvard  University  (1). 

With  the  exception  of  the  diet  assessment,  which  was  discontinued  for  the  1997  follow-up,  the  1997-98 
Health  Interval  Questionnaire  contained  all  of  the  questions  in  the  1992-93  Health  Interval 
Questionnaire,  the  Interval  Supplement  Recording  Book,  and  AFHS  Forms  1,  IB,  2A,  and  8  (the  “self- 
administered”  forms).  The  1997-98  Health  Interval  Questionnaire  also  added  the  two  following 
questions  on  herbicide  exposure: 

•  What  percentage  of  the  missions  that  you  flew  as  part  of  the  aircrew  during  the  Ranch  Hand 
operation  were  herbicide  spraying  missions? 

•  It  has  been  reported  that  some  Vietnam  veterans  have  intentionally  drunk  herbicides.  Have  you 
ever  intentionally  drunk  herbicides? 

Copies  of  the  1992-93  Health  Interval  Questionnaire  and  the  Interval  Supplement  Recording  Book  are 
provided  in  Appendix  B  of  the  1992  Final  Report  (2).  AFHS  Forms  1,  IB,  2A,  and  8  are  provided  in 
Appendix  C  of  the  same  report. 

The  goals  in  developing  the  CAPI  Interval  Questionnaire  for  the  1997  follow-up  survey  included  the 
following: 

1.  To  create  one  questionnaire  encompassing  the  interval  questionnaires  and  the  “self- 
administered”  forms.  Questions  from  the  additional  forms  were  inserted  throughout  the 
questionnaire  into  sections  covering  similar  subjects. 

2.  To  print  health  history  responses,  previously  available  from  the  self-administered  forms,  onsite 
after  the  interview  for  use  in  participant  debriefing. 

3.  To  eliminate  item  nonresponse. 

4.  To  use  “bounded  recall”  techniques  to  improve  participants’  abilities  to  recall  information.  A 
longitudinal  questionnaire  is  dependent  on  the  respondent’s  ability  to  remember  events  and  to 
place  those  events  in  time.  Even  when  given  a  precise  starting  date,  respondents  frequently 
repeat  information  given  earlier,  neglect  to  report  new  information  because  they  thought  they  had 
previously  reported  it,  and  otherwise  misplace  events  in  time  or  forget  them  completely.  One 
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method  of  preventing  such  errors  is  through  the  use  of  “bounded  recall,”  in  which  the  respondent 
is  reminded  of  information  that  he  has  already  reported  and  asked  to  provide  new  information. 
For  the  1992  interview,  interviewers  worked  from  a  hard-copy  information  sheet  containing 
summaries  of  key  responses  from  the  previous  examination.  These  responses  included  date  of 
birth,  highest  educational  degree,  military  status  at  the  last  interview,  marital  status  at  the  last 
interview,  name  of  spouse  or  partner  at  the  last  interview,  and  a  cumulative  list  of  all  children 
reported  during  previous  interviews.  This  practice  was  replicated  online  for  the  1997 
questionnaire. 

5.  To  minimize  redundancies  of  items  asked  of  participants  and  to  avoid  reminders  of  previously 
reported  sensitive  family  history  items  during  their  interview.  These  goals  were  accomplished  by 
including  the  items  from  the  self-administered  forms  in  the  CAPI  questionnaire  and  by 
programming  the  CAPI  questionnaire  to  skip  any  sensitive  family  history  items,  such  as  parents 
or  children  previously  reported  as  deceased. 

6.  To  replicate,  to  the  maximum  extent  possible,  the  1992  variables,  names,  labels,  and  formats  in 
the  final  SAS®  data  set. 

7.  To  lessen  the  time  burden  on  the  participant  for  the  administration  of  the  questionnaires.  By 
combining  the  self-administered  forms  with  the  interval  questionnaire  and  reducing  the 
redundancy  of  questions,  the  participants  were  able  to  complete  this  portion  of  their 
examinations  in  a  timelier  manner. 

3.2  INTERVIEWER  TRAINING 

In  April  1997,  NORC’s  Chicago  office  staff  trained  eight  interviewers  and  one  field  manager  to 
administer  the  1997-98  Health  Interval  and  Study  Subject  Baseline  Questionnaires.  One  interviewer  and 
the  Field  Manager  had  administered  questionnaires  previously  in  the  1992  follow-up  examination.  The 
interviewers  reported  to  the  Field  Manager,  who  in  turn  reported  to  the  Data  Collection  Task  Leader  in 
Chicago.  The  Field  Manager  observed  interviews  by  each  interviewer  and  presented  summaries  of  these 
assessments  each  quarter.  The  NORC  Project  Director  made  quarterly  visits  to  the  interviewing  site.  As 
part  of  the  training  process,  the  NORC  interviewing  staff  was  not  informed  of  the  exposure  status  of  any 
study  participant  either  before  or  after  questionnaire  completion. 


3.3  DATA  COLLECTION 

Upon  arrival  at  Scripps  Clinic,  the  participant  received  a  schedule  that  included  the  time  and  place  for  the 
interval  interview  (and,  if  appropriate,  the  baseline  interview)  and  was  assigned  an  interviewer.  In  all  of 
the  personal  interviews  conducted  for  the  AFHS,  interviewers  were  required  to  ask  questions  exactly  as 
written,  were  not  allowed  to  interpret  questions  or  interject  personal  commentary,  and  were  instructed  to 
probe  “Don’t  Know”  responses  at  least  once.  As  an  added  QC  measure,  the  CAPI  system  did  not  permit 
them  to  skip  around  among  sections  of  the  questionnaire. 

During  the  interview,  participants  signed  both  informed  consent  and  medical  records  release  forms.  If  a 
participant  did  not  have  all  of  the  information  with  him  to  complete  the  medical  release  form  during  the 
interview,  he  was  given  blank  medical  records  release  forms  and  instructed  to  mail  the  completed  forms 
to  the  Air  Force.  If  the  medical  records  required  pertained  to  his  now-adult  children  and  required  their 
signature,  he  was  again  given  blank  medical  records  release  forms  and  instructed  to  mail  the  completed 
forms  to  the  Air  Force.  During  the  course  of  the  data  collection,  the  interviewing  procedures  were 
amended  so  that  medical  release  forms  were  not  signed  if  the  participant  informed  the  interviewer  that  he 
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had  brought  the  relevant  records  with  him,  that  the  records  had  already  been  submitted  to  the  AFHS,  or 
that  the  condition  had  been  diagnosed  at  Scripps  Clinic. 

After  each  interview,  interviewers  used  an  onsite  printing  program  that  was  built  into  the  CAPI  system  to 
produce  a  six-page  form  containing  items  from  the  questionnaire  that  were  needed  for  the  participant 
debriefings.  These  forms  were  transferred  to  the  participants’  folders  each  day.  Each  evening,  the 
completed  interviews  were  uploaded  via  modem  to  the  NORC  home  office  in  Chicago.  At  that  time,  new 
participant  data  and  refinements  to  the  questionnaire  software  also  could  be  downloaded  to  the 
interviewing  site. 
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4  PHYSICAL  EXAMINATION  METHODOLOGY 


The  1997  follow-up  examination  was  given  to  2,121  invited  and  scheduled  participants,  who  traveled  to 
the  examination  site  at  Scripps  Clinic  in  La  Jolla,  California.  The  examination  consisted  of  the  following 
major  elements: 

•  Adipose  tissue  extraction 

•  Laboratory  testing 

•  Medical  outbriefings 

•  Physical  examination 

•  Psychological  testing 

•  Specialized  testing  (e.g.,  phlebotomy  for  measurement  of  serum  dioxin). 

The  Combat  Experience  Questionnaire  and  skin,  hair,  and  eye  color  determinations  (components  of  the 
1985  follow-up  examination)  were  administered  to  all  participants  who  did  not  attend  the  1985,  1987, 
and  1992  follow-up  examinations. 

The  Air  Force  carefully  prescribed  the  details  of  the  above  examination  elements  in  the  Examiners’ 
Handbook,  provided  in  Appendix  B.  All  physical  examination  procedures  were  approved  by  the  Air 
Force  Research  Laboratory  Institutional  Review  Board  (IRB)  at  Brooks  Air  Force  Base  and  by  the 
Scripps  Clinic  IRB.  Clinical  variations  were  neither  desired  nor  authorized;  all  proposed  examination 
procedural  changes  were  reviewed  in  detail  by  Air  Force  technical  and  contractual  personnel  prior  to  the 
start  of  the  examinations.  An  important  objective  of  the  entire  physical  examination  process  was  to 
ensure  that  bias  was  not  created  by  any  procedural  change.  This  objective  was  carried  out  successfully. 

The  requirement  to  maintain  blind  examinations  was  particularly  stringent.  The  clinical  staff  was 
prohibited  from  knowing  or  seeking  information  as  to  the  group  identity  (i.e.,  Ranch  Hand,  Comparison) 
of  any  participant.  At  the  end  of  his  examination,  each  participant  was  asked  to  note  on  the  critique  form 
whether  such  information  was  sought  by  any  member  of  the  clinical  or  paramedical  staff.  In  1997,  nine 
participants  indicated  that  an  examining  physician  had  asked  them  about  specific  duties  in  Southeast  Asia 
(SEA).  Two  of  these  participants  later  stated  that  they  had  answered  erroneously.  Three  participants 
stated  that  they  had  not  been  questioned  but  rather  had  volunteered  information  in  casual  conversation. 
The  balance  of  the  nine  participants  could  not  be  identified  because  they  chose  to  remain  anonymous.  In 
all  known  cases,  the  physician  or  technician  involved  was  reminded  to  be  more  careful  in  his  or  her 
conversations. 


4.1  EXAMINATION  CONTENT 

The  examination  content,  as  designed  by  the  Air  Force,  emphasized  detection  of  medical  endpoints 
suspected  of  being  associated  with  exposure  to  phenoxy  herbicides,  chlorophenols,  or  dioxin.  In  each 
follow-up  study,  the  Air  Force  has  used  findings  from  the  previous  examination  to  refine  the  current 
examination. 

The  general  content  of  the  1997  physical  examination  and  psychological  test  battery  is  shown  in  Table 
4-1.  The  complete  laboratory  test  series  accomplished  at  Scripps  Clinic  is  displayed  in  Table  4-2. 
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Table  4-1.  Elements  of  the  1997  Follow-up  Physical  Examination 

Elements 

Remarks 

Adipose  Tissue  Extraction 

Chest  X  Ray 

Dermatologic  Examination 

Doppler 

Electrocardiogram 

General  Physical  Examination 

Immunologic  Studies 

Neurological  Examination 

Patient  Outbriefing 

Psychological  Evaluation: 

Symptom  Checklist  90-Revised  (SCL-90-R) 
Jenkins  Activity  Survey 

Pulmonary  Function 

Vibrotactile  Threshold 

313  Participants 

Radiologist 

Dermatologist 

Technician;  Caffeine  and  Nicotine  Abstinence 

Caffeine  and  Nicotine  Abstinence 

Internist 

40%  Random  Sample 

Neurologist 

Internist,  Medical  Diagnostician 

Internist  with  Subspecialty  in  Pulmonary  Disease 

Technician 

Table  4-2.  Laboratory  Test  Procedures  Performed  at  Scripps  Clinic 

Chemistry 

2-hour  Postprandial  Glucose  (mg/dl) 

Alanine  Aminotransferase  (ALT)  (U/l) 

Alkaline  Phosphatase  (U/l) 

Amylase  (U/l) 

Aspartate  Aminotransferase  (AST)  (U/l) 

Cholesterol  (mg/dl) 

Creatine  Kinase  (U/l) 

Direct  Bilirubin  (mg/dl) 

Fasting  Glucose  (mg/dl) 

Gamma  Glutamyl  Transferase  (GGT)  (U/l) 

Glycated  Hemoglobin  (percent) 

High  Density  Lipoprotein  (HDL)  Cholesterol  (mg/dl) 

Serum  Creatinine  (mg/dl) 

Serum  Insulin  (p.IU/ml  <§>  2  hours  after  fasting  glucose) 

Total  Bilirubin  (mg/dl) 

Total  Lactic  Dehydrogenase  (LDH)  (U/l) 

Triglycerides  (mg/dl) 

Coagulation 

Patient  Prothrombin  Time  (seconds) 

Hematology. 

Absolute  Bands  (thousand/mm3) 

Absolute  Basophils  (thousand/mm3) 

Absolute  Eosinophils  (thousand/mm3) 

Absolute  Lymphocytes  (thousand/mm3) 

Absolute  Monocytes  (thousand/mm3) 

Absolute  Reactive  Lymphs  (thousand/mm3) 

Absolute  Segs  (thousand/mm3) 

Differential  Bands  (percent) 

Differential  Basophils  (percent) 

Differential  Cells  Counted 

Differential  Eosinophils  (percent) 

Differential  Lymphs  (percent) 

Differential  Monocytes  (percent) 

Differential  Reactive  Lymphs  (percent) 

Differential  Segs  (percent) 

Erythrocyte  Sedimentation  Rate  (mm/hr) 

Hematocrit  (percent) 

Hemoglobin  (gm/dl) 

Mean  Corpuscular  Hemoglobin  (MCH)  (pg) 

MCH  Concentration  (MCHC)  (gm/dl) 

Mean  Corpuscular  Volume  (MCV)  (cubic  micra) 

Platelet  Count  (thousand/mm3) 

RBC  Morphology 

Red  Blood  Cell  (RBC)  Count  (million/mm3) 

White  Blood  Cell  (WBC)  Count  (thousand/mm3) 

WBC  Morphology 

Platelet  Observation 
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Table  4-2.  Laboratory  Test  Procedures  Performed  at  Scripps  Clinic  (Continued) 


Immunology 


Anti  Delta  Total  Antibody 
Anti-Thyroid  Antibody 
Hepatitis  A  Total  Antibody 
Hepatitis  B  Core  Antibody 


Hepatitis  B  Surface  Antigen 

Hepatitis  B  Surface  Antigen  Confirmatory 

Hepatitis  C  Virus  Antibody 


Lupus  Panel 

Anti-Mitochondrial  Antibody 
Anti-Nuclear  Antibody 
Anti-Parietal  Cell  Antibody 


Anti-Smooth  Muscle  Antibody 
Latex  Rheumatoid  Factor  (IU/ml) 
Thyroid  Microsomal  Antibody 


Fecal  Studies 

Fecal  Occult  Blood 


Protein  Profile 

a- 1 -Acid  Glycoprotein  (mg/dl) 
a- 1 -Antitrypsin  (mg/dl) 
a-2-Macroglobulin  (mg/dl) 
Albumin  (mg/dl) 
Apolipoprotein  B  (mg/dl) 

C3  Complement  (mg/dl) 

C4  Complement  (mg/dl) 


Haptoglobin  (mg/dl) 
IgA  (mg/dl) 

IgG  (mg/dl) 

IgM  (mg/dl) 
Prealbumin  (mg/dl) 
Transferrin  (mg/dl) 


Radioimmunoassay 


Estradiol  (pg/ml)  Prostate-Specific  Antigen  (ng/ml) 

Follicle  Stimulating  Hormone  (FSH)  (mlU/ml)  T4  (pg/dl) 

Free  Testosterone  (pg/ml)  Thyroid  Stimulating  Hormone  (TSH)  (plU/ml) 


Luteinizing  Hormone  (mlU/ml) 


Total  Testosterone  (ng/dl 


T  &  B  Lymphocytes  and  Subsets  (special  immunology  testing  performed  on  818  participants) 

CD20+  Cells  (B  cells)  (percent)  Absolute  CD  16+56+  Cells  (Natural  Killer  Cells)  (per  mm3) 

CD3+  Cells  (T  cells)  (percent)  Absolute  CD20+  Cells  (B  Cells)  (per  mm3) 

CD4+  Cells  (Helper  T  Cells)  (percent)  Absolute  CD3+  Cells  (T  Cells)  (per  mm3) 

CD3+CD4+  Cells  (Helper  T  Cells)  (percent)  Absolute  CD4+  Cells  (Helper  T  Cells)  (per  mm3) 

CD8+  Cells  (Suppressor  T  Cells)  (percent)  Absolute  CD3+CD4+  Cells  (Helper  T  Cells)  (per  mm3) 

CD3+CD8+  Cells  (Suppressor  T  Cells)  (percent)  Absolute  CD8+  Cells  (Suppressor  T  Cells)  (per  mm3) 
CD45  Total  Lymphs  (Common  Leukocyte  Antigen)  Absolute  CD3+CD8+  Cells  (Suppressor  T  Cells) 

(percent)  (per  mm3) 

Lymphs  (percent)  Absolute  Lymphocytes  (per  mm3) 


CD  16+56+  Cells  (Natural  Killer  Cells)  (percent) 


Urinalysis 


2-hour  Postprandial  Urine  Glucose  (g/dl) 
Leukocyte  Esterase 

Urinary  Bacteria  (per  high-powered  field) 
Urinary  Bilirubin 
Urinary  Blood 

Urinary  Casts  (per  low-powered  field) 

Urinary  Clarity 
Urinary  Color 
Urinary  Comment 

Urinary  Crystals  (per  high-powered  field) 
Urinary  Epithelial  Cells  (per  high-powered  field) 


Urinary  Glucose  (g/dl) 

Urinary  Ketones  (mg/dl) 

Urinary  Mucus  (per  high-powered  field) 
Urinary  Nitrites 
Urinary  pH 

Urinary  Protein  (mg/dl) 

Urinary  RBC  (per  high-powered  field) 
Urinary  WBC  (per  high-powered  field) 
Urine  Specific  Gravity 
Urobilinogen  (Ehrlich  unit/dl) 


4.2  ADIPOSE  TISSUE  EXTRACTION 


The  follow-up  results  of  the  1987  and  1992  Air  Force  Health  Study  (AFHS)  showed  a  rise  in  the 
incidence  of  pre-diabetic  indicators  of  type  2  diabetes,  non-insulin-dependent  diabetes  mellitus 
(NEDDM),  in  the  participants  exposed  to  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin).  To  examine  the 
relation  between  dioxin  exposure  and  glucose  transporting  activity  in  human  adipose  tissue  cells,  313 
participants  volunteered  to  participate  in  a  separate  sub-study  of  the  AFHS  in  which  approximately  10 
grams  of  adipose  tissue  were  removed  by  liposuction  and  preserved  for  laboratory  analysis.  The 
information  derived  from  the  adipose  tissue  sub-study  may  help  explain  the  positive  association  between 
dioxin  body  burden  and  diabetes  mellitus  in  veterans  of  Operation  Ranch  Hand. 

The  Air  Force  designated  650  potential  participants  for  adipose  extraction  by  a  random  selection  process 
within  classifications  of  exposure,  age,  body  fat,  and  diabetes.  A  consent  form  was  provided  to  each 
adipose  tissue-designated  participant  at  the  evening  orientation.  Over  the  course  of  the  1997  physical 
examination,  a  board-certified  plastic  surgeon  extracted  an  adipose  sample  from  313  participants.  The 
procedure  lasted  30  minutes  and  required  the  use  of  a  local  anesthetic.  The  adipose  tissue  specimens 
were  shipped  to  Brooks  Air  Force  Base  weekly  for  storage.  The  results  of  this  study  will  be  summarized 
in  a  separate  report. 


4.3  QUALITY  CONTROL 

As  in  the  baseline  and  the  1985,  1987,  and  1992  studies,  quality  control  (QC)  requirements  for  both 
laboratory  testing  and  clinical  procedures  were  extensive.  Although  details  are  provided  in  Chapter  6, 
the  following  categories  summarize  the  extent  of  the  emphasis  on  quality.  For  laboratory  testing, 
Westgard  rules  (1^)  were  used  throughout  the  study.  Single  reagent  lots  and  control  standards  were  used 
when  practical,  duplicate  specimens  were  routinely  and  blindly,  retested,  and  testing  overlaps  were 
mandatory  when  test  reagent  lots  were  changed. 

The  Scripps  clinical  team  was  instructed  to  ensure  clinician  consistency.  In  total,  18  board-certified 
physicians  in  internal  medicine,  neurology,  and  dermatology  participated  in  the  general,  specialty,  and 
diagnostic  examinations.  In  addition,  12  radiologists,  5  pulmonologists,  and  4  cardiologists  performed 
tests  and  interpreted  results.  To  reduce  observer  variability,  turnover  in  the  clinical  and  paramedical 
staffs  was  minimized  during  the  1 1  months  of  examinations.  One  Scripps  Clinic  physician  served  as  the 
Project  Medical  Director,  responsible  for  the  scheduling,  conduct,  and  QC  of  the  examinations.  All 
examining  physicians  reviewed  the  mark-sense  examination  forms  prior  to  a  pre-examination  test.  To 
minimize  recording  errors,  the  layout  of  the  form  was  designed  to  parallel  the  flow  of  the  clinical 
examination.  Because  data  transcription  was  not  permitted,  each  physician  was  responsible  for  filling  in 
the  bubbled  form.  To  a  large  extent,  the  use  of  these  mark-sense  forms  and  subsequent  QC  measures 
were  the  primary  reason  for  a  clean  clinical  data  set.  A  complete  set  of  forms  is  provided  in  Appendix  B. 
Additional  QC  included  the  following  elements: 

•  A  detailed  onsite  quality  control  process  was  employed  by  Scripps  Clinic,  Science  Applications 
International  Corporation  (SAIC),  and  Air  Force  physicians  and  personnel. 

•  Clinical  quality  assurance  meetings  were  conducted  to  detect  and  correct  problems. 

•  Examiners  were  unaware  of  the  exposure  status  of  the  participants. 

•  Automated  blood  pressure  recording  was  performed. 
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4.4  CONDUCT  OF  EXAMINATIONS 


All  examinations,  from  May  1997  to  April  1998,  were  conducted  in  accordance  with  the  Examiners  * 
Handbook.  Excluding  weeks  with  national  holidays,  two  groups  of  participants,  averaging  approximately 
25  per  group,  were  examined  weekly. 

A  demanding  logistics  effort  was  required  to  contact,  transport,  and  examine  the  2,121  study  participants. 
Pre-examination  contact  consisted  of  making  telephone  calls  to  recruit  participants,  determine  special 
requirements  (e.g.,  wheelchair  assistance),  and  arrange  transportation.  Once  scheduling  was  reasonably 
firm,  the  SAIC  logistics  coordinator  sent  each  participant  a  detailed  information  package  outlining 
dietary  requirements,  a  stool  occult  blood  testing  kit  (Hemoccult®),  inbriefing  schedules,  important 
telephone  numbers,  a  request  for  medical  records,  and  local  maps  designating  examination  site  dining 
and  recreational  facilities. 

To  encourage  participation  in  future  follow-up  studies,  some  activities  were  continued  in  1997.  These 
included  participant  critique  forms,  an  informational  meeting  open  to  any  accompanying  family  members 
and  friends,  and  preventive  medicine  examinations  such  as  human  immunodeficiency  virus  and  prostate- 
specific  antigen  testing.  Proctosigmoidoscopy,  as  well  as  treadmill  tests,  were  made  available  to 
participants  for  a  nominal  fee.  Accompanying  family  members  also  were  offered  the  opportunity  to  use 
the  clinic  facilities  at  a  discounted  rate. 

Each  morning  of  the  examinations,  the  current  group  of  participants  was  transported  to  the  Scripps 
Clinic,  having  fasted  and  abstained  from  nicotine  and  caffeine  since  midnight  the  previous  evening.  In 
addition,  alcohol  was  strictly  prohibited  from  24  hours  before  the  first  day  of  the  examination  through  the 
second  day  of  the  examination.  On  the  first  day,  each  participant  was  given  an  individualized  2-day 
schedule  outlining  his  medical,  interviewing,  and  laboratory  appointments.  The  schedule  carefully  noted 
the  specific  required  periods  of  caffeine  and  nicotine  abstinence  for  generalized  periods  in  relation  to 
electrocardiograph  testing.  Although  the  clinic  schedules  generally  were  assigned  at  random, 
consideration  was  given  to  smokers  and  diabetics  because  of  the  fasting  and  abstinence  restrictions. 
Figure  4-1  shows  a  typical  2-day  schedule  prepared  for  a  participant.  The  participant  depicted  in  this 
schedule  was  in  good  self-reported  health,  was  a  smoker,  and  was  asked  to  participate  in  the  blood 
measurement  of  dioxin  on  Day  2. 

As  in  the  previous  examinations,  schedules  were  printed  with  specific  directions  to  aid  participants  in 
locating  clinic  departments,  although  for  many  tests,  participants  were  escorted  from  the  waiting  room. 
Throughout  the  examination  day,  time  was  provided  for  waiting-room  activities  (i.e.,  renewal  of  past 
friendships,  discussions  of  experiences  in  SEA,  consumption  of  refreshments  when  permitted,  and 
completion  of  paperwork).  On  the  second  day  of  the  examination,  the  participants  completed  testing  and 
examinations  and  received  outbriefings  from  a  medical  diagnostician. 

The  psychological  tests  (the  SCL-90-R  and  the  Jenkins  Activity  Test)  were  self-administered  and 
reviewed  by  a  Scripps  Clinic  psychologist.  If  a  problem  was  indicated,  the  participant  was  advised  of  the 
issue  during  his  medical  debrief.  Upon  completion  of  these  debriefings,  the  participants  were  paid  their 
stipend  and  reimbursed  for  travel  expenses. 

4.4.1  Blood  Collection 

On  the  first  examination  day,  each  participant  had  160  ml  of  blood  collected.  Detailed  immunology 
testing  (see  Table  4-2)  was  conducted  on  approximately  40  percent  of  the  participants.  These 
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AIR  FORCE  HEALTH  STUDY 

Participant  Schedule  for:  Monday,  May  05,  1997  and  Tuesday,  May  06,  1997 


Case  Number  -  group  # 

Participant's  Full  Name 


Day:  1  Monday,  May  05,  1997 


Start 

Time 

End 

Time 

0600 

Meet  in  Hotel  Lobby 

0615 

Bus  to  Scripps 

0630 

Orientation  and  signing  of 
consent  forms 

0645 

TBA* 

Blood  Draw  1  and  2 

0800 

Physical  Exam 

0845 

Dermatology 

1100 

Chest  X  Ray 

1200 

Spirometry/ECG 

1300 

Psychology  Exam 

1415 

Vibrotactile 

1430 

Doppler  Exam 

1545 

Bus  to  Hotel 

Shuttle  Bus 

Transfer  to  Scripps 

Green  2  N 

Waiting  Room 

Green  2  W 

Room  W263  A 

AOP  3  A 

Internal  Medicine 

Dr.  Sargeant 

AOP1B 

Dermatology 

Dr.  Cornell 

Green  1 

Radiology 

Please  sign  in 

Green  2  W 

Room  264 

Green  2  N 

Room  231 

AOP  3  A 

Vascular  Lab 

Please  sign  in 

AOP  3  A 

Internal  Medicine 

Green  3  W 

Outside  Fountain 

TBA*  =  BLOOD  DRAW  2  SCHEDULED  2  HOURS  AFTER  DRINKING  GLUCOLA 


NO  FOOD,  CAFFEINE,  OR  NICOTINE  PRIOR  TO  BLOOD  DRAWS  1  OR  2  ON  DAY  1 


NO  CAFFEINE  OR  NICOTINE  WITHIN  4  HOURS  PRIOR  TO  DOPPLER  EXAM,  ECG,  OR  SPIROMETRY 

MT01  smoker  Good 

Figure  4-1.  Typical  2-Day  Clinic  Schedule 
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AIR  FORCE  HEALTH  STUDY 

Participant  Schedule  for:  Monday,  May  05,  1997  and  Tuesday,  May  06,  1997 


Case  Number  -  group  # 

Participant's  Full  Name 


Day:  2  Tuesday,  May  06,  1997 


Start 

Time 

End 

Time 

0615 

Board  Shuttle  Bus 

Hotel 

0630 

Bus  to  Scripps 

0700 

Blood  Draw  3 

Green  2  W 

Room  W263  A 

0800 

Neurology  Exam 

AOP3A 

Neurology  -  CHECK  IN 

Dr.  Otis 

0830 

NORC  Interview 

Green  2  N 

Room  CP228 

1015 

NIDR  Dental  Exam 

Green  2  W 

Room  213 

1315 

Debriefing 

AOP  3  A 

Internal  Medicine 

Dr.  Moore 

1330 

Exit  Interview 

Green  2  N 

Waiting  Room 

Rita  Taliaferro 

1400 

Bus  to  Hotel 

Green  3  W 

Outside  Fountain 

TBA*  =  BLOOD  DRAW  2  SCHEDULED  2  HOURS  AFTER  PRINKING  GLUCOLA 


|  NO  FOOD,  CAFFEINE,  OR  NICOTINE  PRIOR  TO  BLOOD  DRAWS  1  OR  2  ON  DAY  1 
NO  CAFFEINE  OR  NICOTINE  WITHIN  4  HOURS  PRIOR  TO  DOPPLER  EXAM,  ECG,  OR  SPIROMETRY 

MTOI  smoker  Good 

Figure  4-1.  Typical  2-Day  Clinic  Schedule  (Continued) 
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participants  were  identified  by  the  last  digit  of  their  participant  study  identification  number  used  for 
previous  testing,  thus  establishing  a  longitudinal  connection  between  examinations.  The  immunologic 
tests  were  subjected  to  highly  structured  QC  procedures  set  forth  by  the  Air  Force.  Participants  chosen 
for  immunology  testing  had  an  additional  30  ml  of  blood  collected.  An  additional  blood  collection  of 
10  ml  was  taken  2  hours  after  the  first  blood  collection  to  assess  2-hour  postprandial  glucose  and  insulin. 
Blood  bank  chairs  were  used  for  maximum  comfort  and  total  body  support  in  the  event  of  a  reaction. 
These  chairs  were  selected  because  they  could  be  shifted  easily  into  the  Trendelenburg  position  if  a 
participant  felt  faint.  Out  of  the  160  ml  of  blood  collected  from  each  participant,  the  Air  Force  was 
provided  40  cc  of  serum  for  archival  purposes  as  well  as  human  immunodeficiency  virus  and  syphilis 
testing. 

On  the  second  day  of  the  group  examination,  563  participants  were  invited  and  provided  a  second  blood 
collection  for  dioxin  analysis  at  the  Centers  for  Disease  Control  and  Prevention.  A  total  of  280  ml  of 
blood  was  collected  for  these  participants,  unless  the  participant  had  blood  collected  for  immunology 
testing  the  previous  day.  In  this  case,  only  250  ml  of  blood  was  collected. 
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5  STUDY  SELECTION  AND  PARTICIPATION 


5.1  INTRODUCTION 

In  this  chapter,  1997  follow-up  and  cumulative  study  compliance  are  reviewed.  Refusal  rates  are 
compared  between  Ranch  Hands  and  Comparisons,  as  are  the  reasons  for  refusal.  Reasons  for  refusal 
also  are  examined  by  age,  race,  and  rank  to  detect  any  differences  in  refusal  rates.  All  noncompliant 
Original  Comparisons  were  to  be  replaced  by  Comparisons  appropriately  matched  on  age,  race,  rank,  and 
self-reported  health  status.  Adherence  to  the  replacement  strategy  as  defined  in  the  study  protocol  (1)  is 
assessed,  and  the  health  status  of  noncompliant  Original  Comparisons  is  compared  to  their  Replacement 
Comparisons.  Differences  in  the  perception  of  health  are  evaluated  by  group,  age,  race,  rank,  and  1997 
compliance  status.  Among  fully  compliant  study  participants,  self-reported  health  status  is  compared. 
Because  perception  of  health  may  differ  between  Ranch  Hands  and  Comparisons,  medication  use  and 
work  loss  are  compared  as  possible  surrogate  measures  of  actual  health  status. 

Throughout  this  chapter,  several  terms  are  used  to  describe  veterans  who  did  not  participate  in  the  1997 
examination.  These  terms  include  “passive  refusal,”  “hostile  refusal,”  and  “final  refusal.”  An  individual 
who  communicated  a  desire  not  to  have  any  contact  with  or  from  the  Air  Force  Health  Study  (AFHS) 
under  any  circumstances  was  classified  as  “hostile.”  Veterans  who  were  classified  as  hostile  in  the  past 
were  not  invited  to  the  1997  examinations  (see  Section  5.5.2.2).  A  veteran  was  classified  as  a  “passive 
refusal”  if  he  was  scheduled  for  a  physical  examination  but  broke  the  appointment  twice.  He  also  could 
be  classified  as  a  passive  refusal  for  other  reasons,  such  as  inability  to  contact  him  directly  because  of  the 
presence  of  a  “gatekeeper”  (see  Sections  5.5.2. 1  and  5.5). 

A  veteran  who  was  classified  as  hostile,  or  had  refused  to  participate  twice — passively  or  otherwise — 
was  classified  as  a  “final  refusal.”  Prior  to  the  second  refusal,  a  “refusal  conversion”  attempt  was  made. 
The  refusal  conversion  consisted  of  an  attempt,  made  by  a  specially  trained  person,  to  convince  the 
veteran  to  participate.  If  this  conversion  attempt  failed,  the  veteran  was  classified  as  a  final  refusal. 


5.2  FACTORS  KNOWN  OR  SUSPECTED  TO  INFLUENCE  STUDY  PARTICIPATION 

A  multitude  of  factors  may  influence  study  participation.  These  may  be  broadly  classified  as  health, 
logistics,  demographic,  operational,  or  publicity  factors.  For  example,  health  factors  are  thought  to 
include  self-perception  of  health  as  well  as  demonstrable  health  indicators,  such  as  medication  use  and 
work-days  lost  due  to  illness  or  injury.  Logistics  factors  include  distance  to  the  examination  site, 
reluctance  to  spend  time  away  from  family  or  job,  income,  and  occupation.  Demographic  factors  include 
flying  status,  age,  race,  or  military  duty  status  (active,  retired,  separated).  Operational  factors  include 
any  aspect  of  study  operation  that  may  cause  differential  compliance,  such  as  differential  treatment  of 
participants  during  scheduling,  physical  examination,  interview,  or  debriefing.  Publicity  factors  are 
related  to  national  attitudes  and  media  presentations  regarding  the  Agent  Orange  (Herbicide  Orange) 
issue,  the  Vietnam  War,  veterans’  health  care,  or  health  care  in  general.  In  addition,  these  considerations 
may  influence  Ranch  Hands  differently  than  Comparisons. 

The  decision  to  volunteer  for  this  study  is  complex,  making  statistical  assessment  of  compliance  bias 
difficult  and  necessarily  crude  in  that  many  of  the  factors  contributing  to  self-selection  cannot  be 
measured  directly.  Instead,  compliance  bias  was  investigated  at  the  1997  follow-up  with  respect  to  self¬ 
perception  of  health,  medication  use,  and  work  loss.  Medication  use  and  days  lost  from  work  due  to 
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illness  or  injury  were  obtained  from  questionnaire  and  physical  examination  data  and,  therefore,  were 
available  only  for  fully  compliant  participants.  In  1997,  as  in  1992,  no  partial  compliance  (defined  as 
compliant  to  the  questionnaire  and  noncompliant  to  the  physical  examination)  occurred  because  both  the 
physical  examination  and  the  questionnaire  were  administered  at  the  examination  site. 


5.3  REPLACEMENT  PROTOCOL 

During  the  design  phase  of  the  AFHS,  the  authors  of  the  study  protocol  anticipated  that  a  loss  of 
participants  between  follow-up  examinations  would  pose  the  greatest  threat  to  study  validity.  In 
particular,  they  expected  differential  compliance,  with  relatively  more  Ranch  Hands  choosing  to  return  to 
the  study  than  Comparisons  and  with  health  differences  of  unknown  character  between  noncompliant 
Ranch  Hands  and  noncompliant  Comparisons.  To  partially  correct  the  situation,  the  study  design 
specified  that  noncompliant  Comparisons  would  be  replaced  by  Comparisons  with  the  same  values  of  the 
matching  variables  (age,  race,  and  military  occupation  at  the  baseline  examination)  and  the  same  health 
perception.  Military  occupation  was  stratified  into  the  following  five  categories:  (1)  flying  officer — 
pilot,  (2)  flying  officer — non-pilot,  (3)  non-flying  officer,  (4)  flying  enlisted,  and  (5)  non-flying  enlisted 
(also  referred  to  as  enlisted  groundcrew).  In  this  way,  the  Replacement  Comparisons  would  serve  as 
surrogates  for  Comparisons  who  refused  to  participate.  This  method  of  replacement  would  tend  to 
reduce  bias  resulting  from  refusal  in  the  Comparison  group  and  would  maintain  group  size.  No 
corresponding  strategy  for  the  Ranch  Hands  was  possible  because  all  living  Ranch  Hands  had  been 
identified  and  invited  to  participate. 

The  first  Comparison  in  each  randomized  matched  set  who  was  asked  to  participate  in  the  baseline 
questionnaire  and  physical  examination  was  identified  as  the  Original  Comparison  for  his  respective 
Ranch  Hand  (in  accordance  with  the  study  protocol).  If  the  Original  Comparison  was  noncompliant,  a 
“Replacement”  Comparison  was  invited  in  his  place.  Noncompliance  was  determined  if  any  of  the 
following  three  conditions  were  met: 

1 .  The  Comparison  refused  to  participate. 

2.  The  Comparison  was  partially  compliant  (completed  the  baseline  questionnaire  but  did  not 
complete  the  baseline  physical  examination). 

3.  The  Comparison  was  unlocatable. 

Replacement  Comparisons  were  identified  as  such  in  the  database  to  satisfy  the  study  protocol 
requirement  that  they  be  matched  with  the  refusing  Original  Comparisons  (also  known  as  refusals)  based 
on  self-reported  health  (excellent,  good,  fair,  or  poor).  Of  course,  in  the  case  of  an  unlocatable  Original 
Comparison,  matching  with  regard  to  self-reported  health  was  not  possible.  Original  Comparisons  who 
were  partially  compliant  were  replaced,  but  deceased  Original  Comparisons  were  not. 

During  the  1985  examination,  a  telephone  questionnaire  was  administered  to  refusals  and  their  potential 
replacements.  This  questionnaire  served  as  the  basis  for  health-matching  required  by  the  study  protocol, 
and  assessed  self-perception  of  health,  days  lost  from  work  due  to  illness,  and  medication  use.  Although 
the  study  protocol  is  not  explicit  on  this  point,  it  implies  that  the  decision  to  include  or  exclude  the 
replacements  from  the  study  should  be  based  only  on  this  health  contrast.  At  the  1987  follow-up 
examination,  instead  of  using  a  telephone  questionnaire,  refusals  were  asked  during  the  scheduling 
process  for  their  self-perception  of  health.  During  the  1992  and  1997  follow-up  examinations,  schedulers 
requested  a  current  perception  of  health  (compared  to  others  their  age)  from  all  participants  contacted  by 
telephone.  Health-matching  of  replacements  was  not  used  during  the  baseline  examination  but  was 
implemented  during  the  1985,  1987,  1992,  and  1997  follow-up  examinations.  Replacement  Comparisons 
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were  matched  to  noncompliant  Original  Comparisons  with  respect  to  age,  race,  rank,  and  military 
occupation  at  all  examinations. 


5.4  1997  FOLLOW-UP  SCHEDULING  AND  REPLACEMENT  OPERATION 

5.4.1  Scheduling  Strategy 

The  scheduling  process  included  the  following  three  objectives: 

1.  To  maximize  participation  rates  (in  both  the  present  and  future  follow-up  studies) 

2.  To  ensure  that  Ranch  Hands  and  Comparisons  were  recruited  using  the  same  procedures  and 
with  the  same  effort 

3.  To  ensure  that,  whenever  possible,  each  Ranch  Hand  had  at  least  one  compliant  Comparison  who 
was  matched  with  that  Ranch  Hand  on  age,  race,  and  military  occupation. 

These  objectives  led  to  a  set  of  conflicting  priorities:  maximizing  participation  rates  meant  giving  each 
potential  participant  every  opportunity  and  encouragement  to  participate,  without  being  so  persistent  as 
to  lose  the  cooperation  of  unwilling  respondents  in  future  follow-up  examinations.  This  careful  approach 
had  to  be  balanced  against  the  need  to  quickly  identify  noncompliant  Comparisons.  Until  these 
noncompliant  Comparisons  were  removed  from  the  scheduling  process,  they  could  not  be  replaced.  In 
general,  prospective  participants  were  contacted  for  scheduling  in  random  order;  however,  priority  was 
given  to  certain  potential  participants  who  needed  to  be  contacted  early  in  the  scheduling  period.  These 
included  the  following: 

•  Veterans  who  live  overseas,  because  they  would  be  more  difficult  to  contact  and  require  more 
advance  time  to  make  travel  arrangements 

•  Passive  refusals  or  “no-shows”  for  previous  physical  examinations. 

During  the  first  2  months  of  scheduling,  an  attempt  was  made  to  contact  all  veterans  invited  to  previous 
examinations.  In  addition,  all  previously  invited  veterans  were  sent  a  refrigerator  magnet  that  stated  the 
date  that  scheduling  would  begin  and  the  toll-free  number  of  the  scheduling  operation. 

Although  every  reasonable  attempt  was  made  to  contact  eligible  veterans,  accommodate  unusual 
schedules,  and  convert  refusals,  experience  in  past  examinations  had  shown  that  certain  types  of  potential 
participants  ultimately  would  not  schedule  appointments.  To  continue  with  the  replacement  of 
Comparisons,  these  cases  needed  to  be  closed  early.  Therefore,  the  following  rules  were  observed  to 
limit  the  number  of  calls  to  certain  types  of  individuals  who  were  not  likely  to  participate: 

•  An  individual  classified  as  hostile  to  the  study  in  previous  follow-up  examinations  was  not 
contacted  in  1997. 

•  An  individual  who  was  extremely  hostile  in  his  refusal  to  initial  scheduling  contacts  was  coded 
as  a  final  refusal  with  no  refusal  conversion  attempts. 

•  If  the  scheduler  did  not  get  an  answer  on  the  telephone  after  eight  attempts,  a  registered  letter 
was  sent  to  that  individual.  If  there  was  direct  evidence  that  the  letter  was  received  at  the  proper 
address  and  the  individual  did  not  respond  to  the  registered  letter,  he  was  considered  a  passive 
refusal. 


An  individual  who  broke  two  examination  appointments  (“passive  refusal”)  was  considered  a 
final  refusal. 


•  An  individual  who  equivocated  about  attending  the  physical  examinations  twice  during  the  first 
two  contacts  was  considered  a  first  refusal. 

•  One  refusal  conversion  attempt  was  made  for  all  first  refusals. 

Some  potential  participants  were  particularly  difficult  to  reach  because  of  the  presence  of  a  “gatekeeper” 
who  did  not  allow  the  schedulers  to  speak  directly  to  the  potential  participant.  A  potential  participant 
was  designated  as  a  final  passive  refusal  after  a  minimum  of  three  contacts  with  a  gatekeeper  and  failure 
to  reach  the  participant  by  other  means.  These  contact  methods  included  varying  calling  times,  leaving 
messages,  or  sending  a  certified  letter.  Up  to  eight  gatekeeper  contacts  were  allowed  if  the  scheduling 
supervisor  decided  additional  attempts  were  still  warranted  (e.g.,  if  an  individual  had  previously 
scheduled  and  canceled,  if  it  seemed  reasonable  that  he  might  reschedule).  After  these  gatekeeper 
contacts  had  been  exhausted,  the  individuals  were  designated  as  final  passive  refusals  and,  if  eligible  for 
replacement,  replaced.  Potential  participants  who  were  designated  as  final  refusals  at  any  stage  in  the 
scheduling  process  were  provided  with  the  toll-free  number  for  the  study  and  allowed  to  volunteer  to 
participate  at  any  time. 

The  percentage  of  persons  completing  the  1997  physical  examination  is  plotted  by  calendar  date  in 
Figure  5-1  for  Ranch  Hands,  Original  Comparisons,  Replacement  Comparisons,  and  all  Comparisons. 
These  patterns  are  similar  to  those  seen  at  previous  follow-up  examinations  and  reflect  the  study  protocol 
specification  that  scheduling  be  random  with  respect  to  group.  Completion  rates  are  similar  between 
Ranch  Hands  and  Original  Comparisons.  Replacement  Comparisons  completed  the  physical 
examinations  later  in  the  scheduling  process,  as  would  be  expected. 

5.4.2  Replacement  Strategy 

All  Comparisons  who  had  been  invited  to  participate  in  the  baseline,  1985,  1987,  or  1992  studies  were 
invited  to  participate  in  the  1997  examination.  If  no  previously  invited  Comparisons  for  a  particular 
Ranch  Hand  agreed  to  participate  in  1997,  schedulers  attempted  to  recruit  a  replacement.  These 
replacements  were  selected  from  a  set  of  up  to  10  candidate  Comparisons,  matched  by  age,  race,  rank, 
and  military  occupation,  whose  self-reported  health  status  in  1997  matched  that  of  the  noncompliant 
Original  Comparison  for  a  given  Ranch  Hand.  Health  status  was  recorded  in  four  categories:  excellent, 
good,  fair,  or  poor.  If  a  willing,  health-matched  participant  was  not  found  in  the  matched  set,  self- 
reported  perceptions  of  health  status  were  dichotomized  into  “excellent  or  good”  and  “fair  or  poor” 
categories,  and  these  dichotomized  health  statuses  were  matched.  If  this  second  method  for  identifying  a 
suitable  replacement  failed,  no  replacement  was  made. 
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Figure  5-1.  Cumulative  Percent  Completed  Physical  Examination  by  Calendar  Date 


There  were  two  exceptions  to  the  replacement  strategy.  First,  the  study  protocol  required  that  the 
noncompliant  Original  Comparisons  report  their  health  status  during  the  scheduling  effort  so  that  they 
could  be  used  to  recruit  Replacement  Comparisons  with  the  same  health  status.  On  occasion.  Original 
Comparisons  refused  to  speak  with  the  scheduler  or  respond  to  questions.  In  these  cases,  a  Replacement 
Comparison  for  the  Original  Comparison  was  recruited  in  the  order  in  which  he  was  listed  in  the 
randomized  matched  set.  This  strategy  also  was  used  for  unlocatable  and  hostile  Original  Comparisons. 
Second,  as  specified  in  the  study  protocol,  no  replacement  was  made  if  all  formerly  invited  Comparisons 
in  a  matched  set  were  deceased. 

5.5  COMPLIANCE 

Of  the  1,101  eligible  Ranch  Hands,  870  (79.0%)  participated  in  the  1997  follow-up  examination,  while 
839  (72.8%)  of  the  1,151  eligible  Original  Comparisons  participated.  Of  the  768  Replacement 
Comparisons  eligible  for  the  1997  follow-up,  412  (53.6%)  chose  to  attend  the  examination.  Table  5-1 
provides  compliance  counts  for  Ranch  Hands,  all  Comparisons  as  a  group,  and  Original  and  Replacement 
Comparisons.  Appendix  C  contains  tables  that  describe  these  counts  by  compliance  at  the  baseline 
examination.  Table  C-l  provides  counts  for  the  Ranch  Hands.  Total  Comparison  counts  are  summarized 
in  Table  C-2.  Original  Comparison  counts  are  presented  in  Table  C-3,  and  Replacement  Comparison 
counts  are  provided  in  Table  C-4. 

In  Table  5-1  and  Appendix  C,  the  “New  to  Study”  rows  include  potential  Replacement  Comparisons  who 
were  found  to  be  deceased  when  contact  was  attempted.  The  same  deceased  potential  replacements  are 
then  accounted  for  in  the  rows  marked  “Died.”  Undefined  categories  are  indicated  by  dashes.  For 
example,  in  the  Appendix  C  tables,  dashes  are  shown  when  partially  compliant  participants  at  the 
baseline  examination  could  not  be  partially  compliant  at  a  later  examination.  Partial  compliance  only 
occurred  when  a  participant  agreed  to  the  baseline  questionnaire  but  refused  to  attend  the  physical  exam. 
As  stated  previously,  no  partial  compliance  occurred  in  1992  or  1997  because  both  the  baseline 
questionnaire  and  physical  examination  were  given  at  the  same  site.  As  shown  in  Appendix  C,  Tables 
C-l  and  C-2,  86  percent  (819  of  949)  of  living  Ranch  Hands  and  87  percent  (976  of  1,1 16)  of  living 
Comparisons  who  were  fully  compliant  at  the  baseline  examination  returned  for  the  1997  follow-up 
examination. 

Table  5-2  describes  the  newly  compliant  participants  in  terms  of  their  compliance  at  previous 
examinations.  Two  Ranch  Hands,  9  Original  Comparisons,  and  69  Replacement  Comparisons  were  fully 
compliant  and  examined  for  the  first  time  at  the  1997  follow-up  examination.  One  Original  Comparison 
and  52  Replacement  Comparisons  had  not  been  invited  previously  to  participate.  The  one  Original 
Comparison  who  had  not  been  invited  previously  to  participate  replaced  an  Original  Comparison  who 
was  reclassified  as  a  Ranch  Hand  (see  Section  5.5.1).  Two  Ranch  Hands,  seven  Original  Comparisons, 
and  five  Replacement  Comparisons  had  been  previously  invited  and  had  refused  to  participate  in  one  or 
more  previous  examinations. 
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Table  5-1 .  Compliance  by  Group  and  Examination  Year 
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Table  5-2. 

Participants  Newly  Compliant  in  1997  and  Their  Previous  Compliance  Pattern 
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5.5.1  Corrections  to  Previously  Reported  Study  Compliance  Totals 

Some  changes  were  made  to  the  historical  cell  counts  shown  in  Table  5-1  (and  the  tables  in  Appendix  C) 
so  that  they  now  differ  from  compliance  tables  presented  during  previous  examinations  (in  particular, 
Tables  5-1  through  5-4  of  the  1992  follow-up  report).  The  differences  are  due  to  the  following 
independent  events: 

1.  One  Original  Comparison,  who  had  been  fully  compliant  since  the  baseline  examination,  was 
reclassified  as  a  Ranch  Hand.  This  participant  was  discovered  to  be  part  of  stateside  testing  of 
Operation  Ranch  Hand  and  was  assigned,  on  temporary  duty,  to  the  unit  that  transported 
Operation  Ranch  Hand  equipment  to  SEA.  This  participant  also  was  eligible  as  a  Comparison 
because  of  a  later  assignment.  The  Ranch  Hand  assignment  took  precedence  over  the  assignment 
as  a  Comparison.  This  change  affects  Tables  5-1,  C-l,  C-2,  and  C-3. 

2.  In  the  1992  follow-up  report,  3  Original  Comparisons  and  27  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  refusals  for  the  1985 
follow-up  examination.  These  numbers  have  been  revised  to  indicate  that  4  Original 
Comparisons  and  26  Replacement  Comparisons  who  were  new  to  the  study  since  the  baseline 
examination  were  refusals  at  the  1985  follow-up  examination.  This  change  was  due  to  the 
misclassification  of  one  Original  Comparison  as  a  Replacement  Comparison.  This  change 
affects  Tables  5-1,  C-3,  and  C-4. 

3.  In  the  1992  follow-up  report,  two  Original  Comparisons  and  four  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  partially  compliant  for 
the  1985  follow-up  examination.  These  numbers  have  been  revised  to  indicate  that  one  Original 
Comparison  and  five  Replacement  Comparisons  who  were  new  to  the  study  since  the  baseline 
examination  were  partially  compliant  for  the  1985  follow-up  examination.  This  change  was  due 
to  the  misclassification  of  one  Replacement  Comparison  as  an  Original  Comparison.  This 
change  affects  Tables  5-1,  C-3,  and  C-4. 
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4.  In  the  1992  follow-up  report,  5  Original  Comparisons  and  28  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  new  to  the  study  between 
the  1985  and  1987  follow-up  examinations.  These  numbers  have  been  revised  to  indicate  that  4 
Original  Comparisons  and  29  Replacement  Comparisons  who  were  new  to  the  study  since  the 
baseline  examination  were  new  to  the  study  between  the  1985  and  1987  follow-up  examinations. 
This  change  was  due  to  the  misclassification  of  one  Replacement  Comparison  as  an  Original 
Comparison.  This  change  affects  Tables  5-1,  C-3,  and  C-4. 

5.  In  the  1992  follow-up  report,  two  Original  Comparisons  and  five  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  unbeatable  at  the  1987 
follow-up  examination.  These  numbers  have  been  revised  to  indicate  that  one  Original 
Comparison  and  six  Replacement  Comparisons  who  were  new  to  the  study  since  the  baseline 
examination  were  unbeatable  at  the  1987  follow-up  examination.  This  change  was  due  to  the 
misclassification  of  one  Replacement  Comparison  as  an  Original  Comparison.  This  change 
affects  Tables  5-1,  C-3,  and  C-4. 

6.  In  the  1992  follow-up  report,  4  Original  Comparisons  and  78  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  new  to  the  study  between 
the  1987  and  1992  follow-up  examinations.  In  addition,  three  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  deceased  between  the 
1987  and  1992  follow-up  examinations.  These  numbers  have  been  revised  to  indicate  that  2 
Original  Comparisons  and  8 1  Replacement  Comparisons  who  were  new  to  the  study  since  the 
baseline  examination  were  new  to  the  study  between  the  1985  and  1987  follow-up  examinations. 
In  addition,  the  number  of  Replacement  Comparisons  who  were  new  to  the  study  since  the 
baseline  examination  and  classified  as  deceased  between  the  1987  and  1992  follow-up 
examinations  has  been  revised  from  three  to  four.  This  change  was  due  to  the  misclassification 
of  two  Replacement  Comparisons  as  Original  Comparisons  and  the  addition  of  one  deceased 
Replacement  Comparison  to  the  “New  to  Study”  classification.  This  change  affects  Tables  5-1, 
C-2,  C-3,  and  C-4. 

7.  In  the  1992  follow-up  report,  2  Original  Comparisons  and  27  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  unbeatable  for  the  1992 
follow-up  examination.  These  numbers  have  been  revised  to  indicate  that  no  Original 
Comparisons  and  29  Replacement  Comparisons  who  were  new  to  the  study  since  the  baseline 
examination  were  unbeatable  at  the  1992  follow-up  examination.  This  change  was  due  to  the 
misclassification  of  two  Replacement  Comparisons  as  Original  Comparisons.  This  change 
affects  Tables  5-1,  C-3,  and  C-4. 

8.  In  the  1992  follow-up  report,  8  Original  Comparisons  and  44  Replacement  Comparisons  who 
were  new  to  the  study  since  the  baseline  examination  were  classified  as  refusals  for  the  1992 
follow-up  examination.  These  numbers  have  been  revised  to  indicate  that  6  Original 
Comparisons  and  46  Replacement  Comparisons  who  were  new  to  the  study  since  the  baseline 
examination  were  refusals  at  the  1992  follow-up  examination.  This  change  was  due  to  the 
misclassification  of  two  Replacement  Comparisons  as  Original  Comparisons.  This  change 
affects  Tables  5-1,  C-3,  and  C-4. 
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5.5.2  Analysis  of  Refusals 


Of  the  1,101  Ranch  Hands  and  1,919  Comparisons  eligible  for  the  1997  follow-up  examination,  227 
Ranch  Hands  and  548  Comparisons  (302  Original  and  246  Replacement)  chose  not  to  attend.  Their 
reasons  for  refusal  are  summarized  in  Table  5-3.  The  91  “no  health-match”  potential  Replacement 
Comparisons  included  in  Table  5-1  are  not  shown  in  Table  5-3.  They  also  are  not  used  in  the  analysis  of 
refusals  that  follows  because  they  were  willing  to  participate  but  were  excluded  by  the  specifications  of 
the  study  protocol. 


Table  5-3.  Reasons  for  Refusal  by  Group 

.....  •  -  *  - 

,"7  g|jgg: 

siiag 

mmh 

pj^ggi 

1 

Iff 1 

3i8lS^®SH||Sll 

* '  ,  Original  <  '  $ 

)  f  m,  v’, 

m 

Health  Reasons 

42 

3.8 

38 

3.3 

28 

3.6 

108 

3.6 

Job  Commitment 

33 

3.0 

49 

4.3 

55 

7.2 

137 

4.5 

No  Time 

26 

2.4 

35 

3.0 

39 

5.1 

100 

3.3 

Travel  Distance,  Family 

14 

1.3 

21 

1.8 

21 

2.7 

56 

1.9 

Confidentiality 

5 

3 

2 

0.3 

10 

0.3 

Financial  Hardship 

1 

1 

0.1 

0 

2 

0.1 

Passive  Refusal 

23 

2.1 

24 

2.1 

18 

2.3 

65 

2.2 

Hostile 

55 

5.0 

96 

8.3 

49 

6.4 

6.6 

Fear  of  Physical  Exam 

1 

1 

0.1 

1 

0.1 

3 

0.1 

Dissatisfaction  with  USAF 

1 

6 

0.5 

0 

0.0 

7 

0.2 

Dissatisfaction  with  AFHS 

3 

4 

0.3 

4 

mm 

11 

0.4 

Dissatisfaction  with  Previous  Exam 

5 

5 

0.4 

1 

mm 

11 

0.4 

Other 

18 

1.6 

19 

1.7 

28 

3.6 

65 

2.2 

Total 

227 

20.6 

302 

26.2 

246 

32.0 

775 

25.7 

Total  Invited 

1,101 

1,151 

768 

3,020 

a  Percent  of  persons  invited. 

Table  5-3  shows  that  a  greater  percentage  of  Comparisons  than  Ranch  Hands  refused,  and  a  greater 
percentage  of  Replacement  Comparisons  than  Original  Comparisons  refused  (32.0%  vs.  26.2%).  Of  the 
total  invited,  nearly  the  same  percentages  of  Ranch  Hands,  Original  Comparisons,  and  Replacement 
Comparisons  refused  due  to  health  reasons  (3.8%,  3.3%,  and  3.6%,  respectively).  The  percentages  were 
also  nearly  the  same  for  passive  refusals  (2.1%,  2.1%,  and  2.3%,  respectively).  More  Replacement 
Comparisons  than  Ranch  Hands  or  Original  Comparisons  declined  due  to  “job  commitments”  or  “no 
time.”  More  Original  Comparisons  were  hostile  refusals  (8.3%)  than  either  Replacement  Comparisons 
(6.4%)  or  Ranch  Hands  (5.0%). 
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Table  5-4  summarizes  reasons  for  refusal  by  group,  age,  rank,  and  race.  Reasons  for  refusal  have  been 
collapsed  to  the  following  five  categories: 

1 .  Health  (health  reasons) 

2.  Logistics  (job  commitment,  no  time  or  interest,  travel  distance  or  family  constraints, 
confidentiality,  or  financial  hardship) 

3.  Passive  (passive  refusal) 

4.  Hostile  (hostile  refusal) 

5.  Other  (fear  of  physical  examination;  dissatisfaction  with  the  U.S.  Air  Force,  U.S.  Government, 
the  AFHS,  or  previous  examinations;  or  other  reasons). 


Table  5-4.  Reasons  for  Refusal  by  Group,  Age,  Rank,  and  Race 


ISSliillSlftilM- 

Category 

ItpitSi 

Total 

Refusals 

tpel 

£■§$1  Rea^pnTor,  Refusal 

Hill  ilillllliii-iiSIll 

>1 

Hostile 

V  ^  i  r":  •  v 

.vyJSw'S-'. 

Unadjusted 

Ranch  Hand 

227 

42 

18.5 

79 

34.8 

23 

10.1 

55 

24.2 

28 

12.3 

0.092 

Comparison 

548 

66 

12.0 

226 

41.2 

42 

7.7 

145 

26.5 

69 

12.6 

Birth  Year  <1942 

389 

85 

21.9 

128 

32.9 

20 

5.1 

103 

26.5 

53 

13.6 

<0.001 

Birth  Year  >1942 

386 

23 

6.0 

177 

45.8 

45 

11.7 

97 

25.1 

44 

11.4 

Officer 

248 

29 

11.7 

81 

32.7 

18 

7.3 

94 

37.9 

26 

10.5 

<0.001 

Enlisted 

527 

79 

15.0 

224 

42.5 

47 

8.9 

106 

20.1 

71 

13.5 

Black 

46 

7 

15.2 

17 

37.0 

7 

15.2 

9 

19.6 

6 

13.0 

0.463 

Non-Black 

729 

101 

13.9 

288 

39.5 

58 

8.0 

191 

26.2 

91 

12.5 

Total 

775 

108 

305 

65 

200 

97 

Note:  Percentages  represent  the  percent  of  total  refusals. 


Age,  rank,  and  race  have  been  dichotomized  for  analysis  purposes  (bom  before  1942  and  bom  in  or  after 
1942;  officer  and  enlisted;  Black  and  non-Black,  respectively).  Without  adjustment  for  age,  rank,  or 
race,  the  association  between  reason  for  refusal  and  group  was  not  significant  (p=0.092).  There  was  a 
significant  association  between  reason  for  refusal  and  age  (pcO.OOl)  and  between  reason  for  refusal  and 
rank  (pcO.OOl).  Younger  participants  were  less  likely  to  refuse  for  health  reasons  than  older  participants 
(6.0%  vs.  21.9%).  Younger  participants  were  more  likely  to  refuse  passively  (1 1.7%  vs.  5.1%)  or  for 
logistics  reasons  (45.8%  vs.  32.9%).  Officers  were  more  likely  to  be  hostile  refusals  than  enlisted  men 
(37.9%  vs.  20.1%)  and  were  less  likely  to  refuse  because  of  logistics  reasons  than  enlisted  men  (32.7% 
vs.  42.5%).  No  significant  association  was  found  between  reason  for  refusal  and  race  (p=0.463). 

A  test  of  association  between  reason  for  refusal  and  group  (adjusted  for  age,  rank,  and  race)  was 
performed  and  found  to  be  not  significant  (p=0.132).  The  adjusted  association  between  reason  for 
refusal  and  age  was  significant  (p<0.001),  as  was  the  association  between  reason  for  refusal  and  rank 
(pcO.OOl).  No  significant  association  was  found  for  race  (p=0.521). 
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5.5.2. 1  Passive  Refusals 

A  potential  participant  was  classified  as  a  passive  refusal  if  he  was  scheduled  for  a  physical  examination 
but  broke  the  appointment  twice.  A  potential  participant  also  was  classified  as  a  passive  refusal  for  other 
reasons,  including  the  inability  to  contact  the  participant  directly  because  of  the  presence  of  a 
“gatekeeper”  (see  Section  5.5).  Although  passive  refusal  was  the  most  common  type  of  refusal  (second 
only  to  hostile  attitude)  during  the  1992  study,  this  type  of  refusal  was  far  less  prevalent  in  the  1997 
follow-up.  Passively  refusing  Ranch  Hands,  Original  Comparisons,  and  Replacement  Comparisons 
accounted  for  only  8.4  percent  of  the  refusals  (65  passive  refusals,  775  total  refusals)  (see  Table  5-3). 

5. 5. 2.2  Hostile  Refusals 

Hostile  refusals  accounted  for  approximately  25  percent  of  both  refusing  Ranch  Hands  and  refusing 
Comparisons.  As  shown  in  Table  5-5,  197  veterans  were  classified  as  hostile  refusals  during  the  1992 
physical  examination  process.  Five  additional  veterans  were  added  to  the  list  of  hostile  individuals  after 
the  1992  report  was  completed  to  bring  the  total  to  202  individuals.  Of  these  five,  two  were  previously 
designated  as  refusals  for  the  1992  examination  because  of  no  interest  in  the  AFHS,  and  three  were 
dissatisfied  with  previous  examinations.  Between  the  1992  and  1997  examinations,  this  list  of  202 
veterans  was  reviewed  and  some  individuals  were  re-designated  as  refusals  that  should  be  contacted  for 
the  1997  follow-up  examination.  Some  hostile  individuals  on  this  list  also  contacted  the  Air  Force  and 
expressed  a  desire  to  participate  in  the  1997  follow-up  examination.  Consequently,  17  veterans  were 
removed  from  the  list  of  hostile  individuals.  Three  of  these  previously  hostile  veterans  participated  in  the 
1997  follow-up  examination,  and  the  remaining  14  veterans  refused  to  participate  in  the  1997 
examination.  Six  additional  veterans  on  the  list  of  hostile  individuals  died  between  the  1992  and  1997 
follow-up  examinations.  The  list  of  202  hostile  individuals  was  therefore  reduced  to  179  veterans  that 
were  not  to  be  contacted  by  schedulers  for  the  1997  examination.  During  the  course  of  the  1992 
examination,  21  additional  veterans  were  designated  as  “newly”  hostile  individuals,  resulting  in  a  total  of 
200  veterans  designated  as  hostile  for  the  1997  follow-up  examination,  as  shown  in  Table  5-5. 

5.5.2.3  Reasons  for  Refusal  Across  AFHS  Examinations 

The  reasons  for  refusal  for  the  baseline,  1987,  1992,  and  1997  examinations  are  shown  in  Table  5-5,  and 
are  presented  separately  for  Ranch  Hands  and  Comparisons.  The  reasons  for  refusal  to  participate  in  the 
1985  examination  are  not  addressed  in  Table  5-5  because  the  data  were  not  collected  in  a  manner 
consistent  with  that  in  the  other  examinations.  In  1985,  the  data  were  collected  verbatim  as  part  of  the 
record  of  telephone  contacts.  Therefore,  no  meaningful  comparisons  can  be  made  between  the  1985 
study  data  on  refusals  and  other  years.  Table  5-5  shows  a  slight  but  consistent  increase  in  total  refusals 
across  time.  Of  particular  note  is  the  steady  increase  in  refusals  for  health  reasons.  Passive  refusals 
decreased  in  the  1997  examination.  This  may  be  attributable  to  the  aggressive  efforts  to  maintain 
communication  with  veterans  who  were  expected  to  become  passive  refusals. 
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Table  5-5.  Reasons  for  Refusal  by  Group  and  Year 


Baseline  1987  1992  1997 


Keason 

Ranch  Hands 

n  %a 

Comparisons 
n  %a 

Ranch  Hands 

n  %a 

Comparisons 
n  .  %4 

Ranch  Hands 

■  n  %a 

Comparisons 

n 

Ranch  Hands 

n  %a 

Comparisons 

n  %H 

Fear  of  Physical  Exam 

6 

0.5 

6 

0.4 

1 

0.0 

4 

0.2 

0 

0.0 

3 

0.2 

1 

0.1 

2 

0.1 

Job  Commitment 

29 

2.4 

80 

4.8 

32 

2.7 

61 

3.5 

31 

2.7 

53 

3.0 

33 

3.0 

104 

5.4 

Dissatisfaction  with  USAF 

5 

0.4 

0 

0.0 

10 

0.8 

11 

0.6 

6 

0.5 

10 

0.6 

1 

0.1 

6 

0.3 

No  Time 

53 

4.4 

154 

9.3 

28 

2.4 

79 

4.6 

13 

1.1 

50 

2.8 

26 

2.4 

74 

3.9 

Travel  Distance,  Family 

4 

0.3 

21 

1.3 

5 

0.4 

17 

1.0 

8 

0.7 

17 

1.0 

14 

1.3 

42 

2.2 

Confidentiality 

11 

0.9 

15 

0.9 

1 

0.1 

4 

0.2 

1 

0.1 

2 

0.1 

5 

0.5 

5 

0.3 

Health  Reasons 

10 

p 

oo 

7 

0.4 

11 

0.9 

16 

0.9 

19 

1.7 

21 

1.2 

42 

3.8 

66 

3.4 

Passive  Refusal 

9 

0.7 

15 

0.9 

40 

3.4 

78 

4.5 

41 

3.6 

96 

5.5 

23 

2.1 

42 

2.2 

Dissatisfaction  with 
Previous  Exam 

n/a 

0.0 

n/a 

0.0 

0 

0.0 

1 

0.1 

3 

0.3 

5 

0.3 

5 

0.5 

6 

0.3 

Financial  Hardship 

n/a 

0.0 

n/a 

0.0 

1 

0.1 

1 

0.1 

2 

0.2 

2 

0.1 

1 

0.1 

1 

0.1 

Hostile 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

58 

5.0 

139 

7.9 

55 

5.0 

145 

7.6 

Dissatisfaction  with  AFHS 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

n/a 

0.0 

3 

0.3 

8 

0.4 

Other 

0 

0.0 

3 

0.2 

42 

3.5 

88 

5.1 

2 

0.2 

16 

0.9 

18 

1.6 

47 

2.4 

Total 

127 

3010 

171 

360 

184 

414 

227 

548 

Total  Invited 

1,207 

1,657 

1,188 

1,730 

1,149 

1,761 

1,101 

1,919 

a  Percent  of  persons  invited 

to  participate. 

5,5,3  Replacement  Comparisons 

As  stated  previously,  matching  replacements  for  refusing  Original  Comparisons  based  on  health  status,  as 
well  as  age,  race,  rank,  and  occupation,  was  maintained  at  the  1997  follow-up.  The  reported  health  status 
of  new  replacements  was  obtained  at  the  time  of  telephone  scheduling.  At  the  1997  follow-up,  41 2 
Replacement  Comparisons  were  fully  compliant  (see  Table  5-1).  The  health-matching  results  for  the  52 
Replacement  Comparisons  invited  to  the  study  for  the  first  time  in  1997  (see  Table  5-2)  and  their 
replaced  Original  Comparisons  are  summarized  in  Table  5-6. 


Table  5-6.  Self-reported  Health  Status  of  Original  Comparisons  and  Their  Replacements 


Replacement’s 
Reported  Health 

Original  Comparison’s  Reported  Health 

Excellent 

Good 

}  Fair  - 

Poor  • 

Unknown8 

Total  llll 

Excellent 

7 

2 

0 

0 

3 

12 

Good 

2 

22 

0 

0 

6 

30 

Fair 

0 

0 

3 

1 

4 

8 

Poor 

0 

0 

0 

0 

0 

0 

Unknown 

0 

0 

0 

0 

2 

2 

Total 

9 

24 

3 

1 

15 

52 

a  Includes  1 1  hostile  respondents  and  4  respondents  who  reported  “Don’t  Know”  for  health  status;  one  Replacement 
Comparison  replaced  a  Replacement  Comparison  instead  of  an  Original  Comparison. 


Thirty-two  of  the  52  Replacement  Comparisons  were  matched  perfectly  on  health  status  to  the  Original 
Comparisons.  Five  additional  Replacement  Comparisons  were  matched  according  to  the  dichotomized 
health  status  indicated  in  the  study  protocol.  Fifteen  Original  Comparisons  (labeled  “Unknown”)  refused 
to  give  a  self-perception  of  health  or  said  they  did  not  know  how  their  health  compared  with  that  of 
others.  The  health  status  of  these  15  Replacement  Comparisons  is  shown  in  Table  5-6. 

At  the  1997  follow-up,  421  Original  Comparisons  were  either  deceased  or  noncompliant  (see  Table  5-7). 
The  entire  matched  set  of  replacement  candidates  for  each  noncompliant  Original  Comparison  was 
reviewed  to  determine  if  the  appropriate  replacement  strategy  was  followed.  Results  are  presented  in 
Table  5-7.  Of  the  421  noncompliant  (refusing,  unbeatable,  or  deceased)  Original  Comparisons  at  the 
1997  follow-up,  284  compliant  replacements  were  found.  Ninety-nine  matched  sets  were  closed  because 
all  previously  invited  Comparisons  were  deceased  and,  consistent  with  the  protocol,  no  replacements 
were  to  be  contacted,  or  because  all  replacements  were  contacted  and  no  replacements  were  found  that 
were  willing  to  participate  or  were  able  to  be  health-matched.  No  Replacement  Comparisons  were 
contacted  for  1 1  of  the  noncompliant  Original  Comparisons.  A  review  of  the  record  of  telephone  calls 
showed  that  all  1 1  had  declined  late  in  the  scheduling  process.  For  27  of  the  noncompliant  Origi  nal 
Comparisons,  some  replacements,  but  not  all,  were  contacted  and  none  complied.  A  review  of  the  cohort 
of  the  27  Original  Comparisons,  where  replacement  contact  was  not  fully  exhausted,  showed  that  the 
Original  Comparison  or  one  or  more  of  the  Replacement  Comparisons  also  had  declined  late  in  the 
process. 
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Table  5-7.  Matched  Set  Compliance  of  Noncompliant  Original  Comparisons 


f  il  vj;  |  f  |( 

Original  Compariso 

i m 

SMI  ! '  1 

Matched  Set  Compliance 

Refusal 

Tnloca  table  I 

ESS 

At  Least  One  Compliant  Replacement 

250 

10 

24 

284 

All  Contacted  Replacements  Noncompliant  and  No 
Uncontacted  Comparisons  Remain  in  the  Matched  Set  or 
All  Previously  Contacted  Comparisons  are  Deceased 

16 

0 

83 

99 

All  Contacted  Replacements  Noncompliant  and  Other 
Uncontacted  Comparisons  Remain  in  the  Matched  Set 

25 

0 

2 

27 

No  Replacement  Comparisons  Contacted 

11 

0 

0 

11 

Total 

302 

10 

109 

421 

5.6  MATCHING  OF  SELF-REPORTED  HEALTH  STATUS 

5.6.1  Self-reported  Health  Status  of  Refusals 

Of  the  775  refusals,  reported  health  status,  as  obtained  by  telephone  at  the  time  of  scheduling,  was 
available  for  a  total  of  423  Ranch  Hands  and  Comparisons.  Table  5-8  summarizes  their  responses.  Data 
were  obtained  from  125  (55.1%)  of  227  refusing  Ranch  Hands  and  298  (54.4%)  of  548  refusing 
Comparisons.  Among  the  423  refusals  responding  to  the  health  status  question,  there  was  no  significant 
association  between  group  and  reported  health  (p=0.155). 


Table  5-8.  Reported  Health  Status  of  Refusals 


Reported 
Health  Status 

Group 

WMifi  *  l  i 

:  ^  *  :  : 

!k  1 1 1  f  i 
mm®  4?; 

* 

i  %'  lillll  § 

a;  i 

liwrtS 

l 

p-Yalue  1 

Ranch  Hands 

n  % 

Comparisons 

■  n  .  /c  . 

v  Tot 

£  »  f  £  <  &  %■ 

f  n  . 

Excellent 

33 

26.4 

97 

32.6 

130 

30.7 

0.155 

Good 

64 

51.2 

152 

51.0 

216 

51.1 

Fair 

27 

21.6 

42 

14.1 

69 

16.3 

Poor 

1 

0.8 

7 

2.3 

8 

1.9 

Total 

125 

298 

423 

Note:  Does  not  include  47  Ranch  Hands  and  107  Comparisons  who  reported  “Don’t  Know”  or  refused  to  answer 
health  status,  and  does  not  include  55  Ranch  Hands  and  143  Comparisons  who  were  hostile. 


Ideally,  compliance  bias  between  the  groups  should  be  assessed  by  comparing  the  health  of  refusing 
veterans  to  fully  compliant  participants  with  adjustment  for  the  matching  variables.  The  only  current 
data  available  on  the  refusing  veterans  are  self-reported  responses  to  the  health  status  question  asked 
during  the  scheduling  procedure.  These  data  are  missing  for  all  hostile  refusals.  Almost  three-quarters 
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(48  of  65,  or  73.8%)  of  the  passive  refusals  did  not  give  their  reported  health  status  during  scheduling.  A 
summary  of  reported  health  status  for  1 7  passive  refusals  that  reported  their  health  status  during 
scheduling  is  shown  in  Table  5-9. 


Table  5-9.  Reported  Health  Status  of  Passive  Refusals 


Reported 
Health  Status 

Group 

;  '.A  - 

% 

Ranch  Hands 

n  % 

Original 

Comparisons 

n  ;  %  ■ 

Replacement 

Comparisons 

u  % 

Excellent 

0 

0.0 

1 

25.0 

1 

20.0 

2 

11.8 

Good 

6 

75.0 

2 

50.0 

3 

60.0 

11 

64.7 

Fair 

2 

25.0 

1 

25.0 

1 

20.0 

4 

23.5 

Poor 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

8 

4 

5 

17 

Note:  Does  not  include  15  Ranch  Hands,  20  Original  Comparisons,  and  13  Replacement  Comparisons  who  reported 
“Don’t  Know”  for  health  status. 


A  test  of  association  between  reported  health  status  and  group,  age,  rank,  compliance,  and  race  was 
performed,  and  the  results  are  shown  in  Table  5-10.  For  analysis  purposes,  reported  health  status  was 
classified  into  two  categories:  excellent  or  good,  and  fair  or  poor.  The  covariates  age,  rank,  compliance, 
and  race  were  dichotomized  (bom  before  1942  and  bom  in  or  after  1942;  officer  and  enlisted;  fully 
compliant  and  refusal;  Black  and  non-Black,  respectively).  No  significant  association  was  found 
between  race  and  reported  health  status  (p=0.824).  Without  adjustment,  age  (pcO.OOl),  rank  (pcO.OOl), 
and  compliance  (p<0.001)  were  associated  significantly  with  reported  health.  Ranch  Hands  were,  more 
likely  to  report  fair  or  poor  health  than  were  Comparisons  (14.1%  vs.  11.1%).  Enlisted  men  were  more 
likely  to  report  fair  or  poor  health  than  were  officers  (15.1%  vs.  7.6%).  As  expected,  refusals  (18.2%) 
and  older  participants  (14.9%)  were  more  likely  to  report  fair  or  poor  health  than  were  fully  compliant 
( 1 1 .0%)  or  younger  participants  (9.1%). 

The  association  between  reported  health  status  and  group,  adjusted  for  age,  rank,  compliance,  and  race 
was  significant  (p=0.011).  The  adjusted  association  between  reported  health  status  and  compliance  was 
statistically  significant  (pcO.OOl),  as  were  the  adjusted  associations  between  health  status  and  age 
(pcO.OOl)  and  rank  (pcO.OOl). 

Table  5-1 1  shows  the  reported  health  status  versus  compliance  separately  by  group.  For  both  Ranch 
Hands  and  Comparisons,  significantly  more  refusals  reported  fair  or  poor  health  (p=0.007  and  p==0.001, 
respectively)  than  fully  compliant  participants.  A  higher  percentage  of  compliant  Ranch  Hands  reported 
fair  or  poor  health  (12.9%)  than  compliant  Comparisons  (9.7%).  When  adjusted  for  age,  race,  and 
occupation,  the  relation  between  health  status  and  compliance  did  not  change  significantly  with  group 
(p=0.876).  This  result  showed  that  the  difference  in  health  status  between  refusals  and  fully  compliant 
participants  was  similar  between  Ranch  Hands  and  Comparisons. 
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Table  5-10.  Reported  Health  Status  by  Group,  Age,  Rank,  Compliance,  and  Race 

_ Reported  Health  Status 


Excellent/Good  Fair/Poor  Unadjusted 


Group 

Total 

*  1  -  n  > 

n 

% 

p- Value 

Ranch  Hand 

963 

827 

85.9 

136 

14.1 

0.028 

Comparison 

1,509 

1,342 

88.9 

167 

11.1 

Birth  Year  <1942 

1,351 

1,150 

85.1 

201 

14.9 

<0.001 

Birth  Year  >1942 

1,121 

1,019 

90.9 

102 

9.1 

Officer 

935 

864 

92.4 

71 

7.6 

<0.001 

Enlisted 

1,537 

1,305 

84.9 

232 

15.1 

Fully  Compliant 

2,049 

1,823 

89.0 

226 

11.0 

<0.001 

Refusal 

423 

346 

81.8 

77 

18.2 

Black 

144 

125 

86.8 

19 

13.2 

0.824 

Non-Black 

2,328 

2,044 

87.8 

284 

12.2 

Total 

2,472 

2,169 

303 

Table  5-11.  Reported  Health  Status  by  Group 


Group 

Compliance  Status 

Total 

mm 

ir  j : j;  ^  ^  ■?  i  f  jg  if  Jr 

mmmm 

|ff: 

p-Value 

Ranch  Hand 

Fully  Compliant 

838 

730  87.1 

108  12.9 

0.007 

Refusal 

125 

97  77.6 

28  22.4 

Comparison 

Fully  Compliant 

1,211 

1,093  90.3 

118  9.7 

<0.001 

Refusal 

298 

249  83.6 

49  16.4 

5.6.2  Self-reported  Health  Status  of  Fully  Compliant  Participants 

Tables  5-12  through  5-14  summarize  the  reported  health  status,  medication  use,  and  work  loss  of  the 
2,121  fully  compliant  participants  at  the  1997  follow-up  examination.  Table  5-12  summarizes  the 
reported  health  status  of  participants  fully  compliant  to  the  1997  physical  examination.  Among  fully 
compliant  participants,  a  marginally  significant  association  was  found  between  reported  health  at:  the 
time  of  scheduling  and  group  (Ranch  Hand,  Comparison)  (p=0.076).  More  Ranch  Hands  reported  their 
health  as  fair  (12.9%)  than  did  Comparisons  (9.7%). 
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Table  5-12.  Reported  Health  Status  of  Fully  Compliant  Participants 


Reported 
Health  Status 

Ranch  Hands 

na  % 

Group 

Comparisons 
na  % 

Total 

% . 

ill 

Excellent 

287 

34.2 

440 

36.3 

727 

35.5 

0.076 

Good 

443 

52.9 

653 

53.9 

1,096 

53.5 

Fair 

108 

12.9 

118 

9.7 

226 

11.0 

Poor 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

838 

1,211 

2,049 

aDoes  not  include  32  Ranch  Hands  and  40  Comparisons  who  answered  “Don’t  Know.” 


Table  5-13.  Reported  Medication  Use  of  Fully  Compliant  Participants 


.  "  ••  .  :  ■  :  7  *  ’  %  ' 

Medication  Use 

Ranch  Hands 

;  ■  na  :  '  .  % ' 

;  Group 

Comparisons  i 

15  ■  ■  ^  V 

; 

■|;  Total 

If  \|  Ilf  ft!  11 1  111 
ifisfifllKil  1  *  a  f 

%  p- Value 

Yes 

512 

58.9 

688 

55.0 

1,200 

56.6  0.081 

No 

357 

41.1 

563 

45.0 

920 

43.4 

Total 

869 

1,251 

2,120 

a  One  Ranch  Hand  did  not  report  on  medication  use. 


Table  5-14.  Reported  Work  Loss  of  Fully  Compliant  Participants 


Group 

J.  f : 

f'jST:  i*i-:  jgjj 

Iflllpl! 

;;a'.Vv  Work  Loss- 

Ranch  Hands 

-  n  ■  -  %  ■■  ■ 

Comparisons 

■  n  '  :  % 

Total 

: 

Yes 

105 

16.7 

148 

16.5 

253 

16.6 

0.968 

No 

524 

83.3 

750 

83.5 

1,274 

83.4 

Total 

629 

898 

1,527 

Note:  Does  not  include  the  following:  22  unemployed  (9  Ranch  Hands,  13  Comparisons) 

564  retired  (231  Ranch  Hands,  333  Comparisons) 

8  who  did  not  answer  (1  Ranch  Hand,  7  Comparisons). 
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A  marginally  significant  association  was  found  between  reported  use  of  medication  and  group  (p=0.081). 
As  shown  in  Table  5-13,  a  greater  percentage  of  Ranch  Hands  (58.9%)  reported  medication  use  than  did 
Comparisons  (55.0%).  Use  of  medication  increased  in  both  groups  since  1992;  however,  that  increase 
was  parallel.  In  1992,  44.1  percent  of  Ranch  Hands  and  40.4  percent  of  Comparisons  reported 
medication  use  compared  to  58.9  percent  and  55.0  percent,  respectively,  in  1997.  Table  5-14  shows 
reported  work  loss  for  fully  compliant  Ranch  Hands  and  Comparisons.  The  difference  between  the  two 
groups  narrowed  from  1992,  and  no  significant  association  was  found  between  work  loss  and  group 
(p=0.968)  in  1997. 


5.7  CONCLUSION 

Although  more  Comparisons  than  Ranch  Hands  refused  to  participate  in  the  1997  follow-up  examination, 
there  is  no  significant  difference  in  the  reasons  for  refusal  among  the  two  groups.  The  reasons  for  refusal 
differed  with  age  and  rank  but  did  not  differ  significantly  for  race.  Logistics  and  health  reasons  were  the 
most  common  reasons  for  refusal,  although  there  were  a  substantial  number  of  veterans  deemed  hostile 
from  whom  a  reason  for  refusal  was  not  determined.  In  replacing  noncompliant  Original  Comparisons, 
either  compliant  replacements  were  found  or  no  replacement  was  necessary  (e.g.,  the  Original 
Comparison  was  deceased  and  no  Replacement  Comparison  had  been  contacted  previously)  for 
approximately  91  percent  of  the  cases. 

Self-reported  health  status  differed  with  group,  age,  rank,  and  compliance  status,  but  not  with  race, 
among  those  reporting  health  status.  Ranch  Hands,  older  participants,  enlisted  men,  and  refusals  were 
more  likely  to  report  fair  or  poor  health.  Ranch  Hands  reported  fair  or  poor  health  more  often  than  did 
Comparisons.  In  both  groups  veterans  who  refused  were  more  likely  to  report  fair  or  poor  health  than 
those  who  were  fully  compliant.  This  pattern  of  Ranch  Hands  reporting  poorer  health  has  been  observed 
since  the  baseline  examination.  Using  work  loss  and  medication  use  as  more  objective  indicators  of 
health  than  health  perception,  Ranch  Hands  reported  a  slightly  higher  use  of  medications,  but  no 
difference  was  seen  in  reported  work  loss  between  Ranch  Hands  and  Comparisons.  A  further  analysis  of 
self-perception  of  health,  as  reported  by  fully  compliant  participants  at  the  1997  follow-up  examination, 
is  given  in  Chapter  9,  General  Health  Assessment. 

In  summary,  the  results  of  these  analyses  suggested  that  Ranch  Hands  may  be  reporting  poorer  health 
than  Comparisons  and  that  these  group  differences  are  present  for  both  fully  compliant  participants  and 
refusals.  This  holds  true  even  after  accounting  for  rank  and  age  differences.  In  addition,  the  difference 
in  the  percentage  of  fully  compliant  participants  and  refusals  reporting  fair  or  poor  health  was  similar  for 
Ranch  Hands  and  Comparisons. 
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6  QUALITY  CONTROL 


Quality  control  (QC)  and  quality  assurance  (QA)  procedures  were  planned  for  and  implemented 
throughout  the  1997  Air  Force  Health  Study  (AFHS),  from  project  initiation  to  final  product  delivery  and 
acceptance  by  the  Air  Force.  QC  is  defined  as  the  procedures  put  in  place  to  ensure  the  quality  of  the 
data  collected.  QA  refers  to  the  management  of  those  procedures.  This  chapter  provides  an  overview  of 
the  specific  QC  and  QA  measures  developed  and  used  by  the  project  team,  specifically  in  the  areas  of 
questionnaire  and  physical  examination  QC,  laboratory  QC  measures,  data  management  QC,  statistical 
QC,  and  administrative  QA.  The  Air  Force,  Science  Applications  International  Corporation  (SAIC),  the 
National  Opinion  Research  Center  (NORC),  and  Scripps  Clinic  all  participated  in  the  formulation  and 
implementation  of  the  QC  and  QA  procedures  described  in  this  chapter. 


6.1  QUESTIONNAIRE  QC 

6.1.1  Design 

For  the  baseline  and  subsequent  follow-up  examinations,  the  baseline  and  interval  questionnaires  were 
administered  in  person.  In  the  examinations  prior  to  1997,  the  questionnaires  were  administered  in  hard 
copy,  which  was  then  key-entered  into  the  final  SAS®1  data  set.  For  the  1997  follow-up,  the  interview 
responses  were  obtained  electronically  on  laptop  computers,  using  a  computer-assisted  personal 
interview  (CAPI)  system. 

Effective  CAPI  design  was  the  first  step  in  QC  of  the  data  collection.  By  combining  the  two  steps  of  data 
collection  and  data  entry,  the  CAPI  technique  eliminated  one  possible  source  of  recording  error — key- 
entry  of  the  data.  Further,  the  logic  checks,  range  checks,  and  intervariable  consistency  checks 
programmed  into  the  CAPI  system  placed  constraints  on  what  the  interviewer  could  type  or  select  for  any 
particular  question  during  the  interview.  These  constraints  limited  keystroke  errors  and  data  problems 
arising  from  the  interview  itself.  The  structure  of  the  CAPI  system  ensured  that  skip  patterns  were 
followed  correctly  and  that  no  questions  were  left  unanswered.  In  certain  sections  of  the  questionnaire, 
CAPI  offered  significant  enhancements  to  the  flow  and  accuracy  of  the  questionnaire  over  a  paper-and- 
pencil  execution.  These  enhancements  included  automatic  unit  conversions  and  elimination  of  multiform 
cross-references.  These  benefits  were  most  notable  in  the  calculations  of  alcohol  and  tobacco  use  and  in 
updating  information  for  children  bom  prior  to  the  last  interview. 

Using  a  process  of  reviewing,  commenting,  and  concurring.  Air  Force  researchers  and  NORC  designers 
incorporated  new  questions  and  questions  derived  from  the  AFHS  self-administered  forms  into  the  1997 
questionnaire.  The  goal  was  to  create  a  cohesive  instrument  with  questions  grouped  logically  by  subject 
because  a  cohesive  questionnaire  would  enhance  the  participant's  focus  on  the  subject  being  discussed 
and  his  understanding  of  the  questions.  In  addition,  the  inclusion  of  the  self-administered  forms  into  the 
interval  questionnaire  decreased  the  participants’  frustrations  with  the  study  process  by  eliminating 
question  redundancy,  providing  a  logical  sequencing  of  questions,  and  decreasing  the  time  spent  by  the 
participant. 


1  SAS  and  all  other  SAS  Institute,  Inc.,  product  and  service  names  are  registered  trademarks  or  trademarks  of  SAS  Institute,  Inc., 
in  the  USA  and  other  countries. 
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An  additional  benefit  of  the  CAPI  questionnaire  was  the  ability  to  print  selected  participant  responses  for 
the  use  of  the  debriefing  physicians.  These  printouts  were  improved  and  refined  during  the  physical 
examination  period. 

6.1.2  Data  Collection 

NORC  recruited  and  trained  eight  interviewers  and  one  field  manager  to  administer  the  baseline  and 
interval  questionnaires.  A  minimum  number  of  interviewers  were  selected  to  reduce  variability  between 
interviewing  techniques.  The  interviewers  were  blind  to  the  participants’  exposure  status,  thus  avoiding 
bias. 

The  Field  Manager,  who  supervised  the  interviewing  at  the  examination  site,  observed  the  work  of  each 
interviewer  and  presented  formal  evaluations  of  their  performance  each  quarter  to  the  Air  Force. 
Interviewers  were  evaluated  on  their  ability  to  control  the  interview  and  to  probe  incomplete  answers  in  a 
neutral  manner.  They  also  were  graded  on  their  vocal  quality,  reading  quality,  and  on  their  use  of 
associated  forms  and  documents.  The  interviewers  were  graded  on  a  scale  of  1  to  4.  A  rating  of  1 
indicated  an  unacceptable  performance  and  4  an  above-average  performance  with  no  errors.  All 
interviewers  performed  at  an  above-average  level  and  none  required  retraining. 

Interviewers  were  required  to  regularly  report  questions  or  problems  experienced  while  executing  the 
questionnaires.  “CAPI  Problem  Forms”  and  “Policy  Decision  Forms”  were  distributed  for  interviewers 
to  complete,  and  these  forms  were  faxed  daily  to  the  Data  Collection  Task  Leader  at  NORC  headquarters 
in  Chicago,  Illinois.  Items  reported  on  the  forms  included  the  following:  (1)  mistakes  made  and  not 
corrected  during  the  interview,  (2)  conditions  reported  by  the  participant  after  the  interview  was  over,  (3) 
technical  problems  with  the  CAPI  instrument,  and  (4)  problems  with  the  printout  for  the  debriefing 
physician.  The  Data  Collection  Task  Leader  corrected  problems  when  necessary  and  provided  assistance 
to  interviewers  in  handling  confusing  or  unusual  situations. 

6. 1 .3  Processing  and  QA  of  Questionnaire  Data 

Completed  questionnaire  data  were  transmitted  daily  via  modem  from  the  La  Jolla,  California,  site  to  the 
receiving  computer  system  in  Chicago.  As  interviews  were  completed  on  the  laptop  computers  at  the  site 
office,  the  CAPI  system  selected  the  newly  completed  cases,  encrypted  the  interview  data,  and 
transmitted  the  interview  data  to  the  NORC  modem  pool  in  Chicago.  Once  in  Chicago,  the  interview 
data  were  unencrypted,  archived  on  a  devoted  volume  of  the  NORC  UNIX  computer,  and  copied  to  the 
NORC  wide  area  network.  Each  CAPI  interview  consisted  of  one  multiple-record  ASCII  file 
representing  the  participant’s  answers  to  questions.  Using  a  standard  utility,  the  ASCII  files  were 
converted  from  their  vertical  format  to  the  horizontal  format  readable  by  SAS®.  Programmers  then  read 
the  horizontal  files  into  SAS®  and  printed  frequencies  of  all  variables.  Case  data  received  in  Chicago 
were  reconciled  regularly  with  the  completion  log  at  the  interviewing  site. 

Some  of  the  QC  steps  used  in  converting  CAPI  files  to  the  SAS®  data  files  include  the  following: 

1.  The  case  IDs  of  all  completed  interviews  in  the  SAS®  file  were  compared  to  the  log  of  completed 
interviews  kept  at  the  site  office.  This  ensured  that  all  completed  cases  were  received  and  that 
there  were  no  duplicates. 

2.  The  SAS®  variables  were  compared  to  a  hard-copy  representation  of  the  CAPI  to  ensure  that  all 
questions  in  the  interview  were  present  in  the  SAS®  data  file. 
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3.  The  response  frequencies  were  compared  to  a  hard-copy  representation  of  the  CAPI  to  ensure 
that  no  data  were  truncated. 

One  of  the  goals  in  the  conversion  process  was  to  replicate,  to  the  maximum  extent  possible,  the  variable 
names,  formats,  and  structures  used  in  the  1992  SAS®  data  set.  To  accommodate  this  goal,  additional 
“post-processing”  programs  were  created.  The  post-processing  included  renaming  variables,  assigning 
the  appropriate  variable  labels  and  value  labels,  creating  variables  based  on  values  of  answers  to  more 
than  one  question  (such  as  calculations  of  cigarette  use),  and  merging  variables  collected  outside  of  the 
interview  into  the  data  set. 

Several  steps  were  taken  to  ensure  that  the  SAS®  data  file  created  from  the  post-processing  programs 
contained  the  correct  information: 

•  A  list  was  created  that  mapped  CAPI  variables  to  SAS®  variables.  This  allowed  the  NORC  staff 
to  ensure  that  variables  were  named  properly  and  that  all  required  variables  were  included  in  the 
SAS®  data  set. 

•  Format  statements  and  frequencies  were  proofed  against  three  representations  of  the 
questionnaire  (the  CAPI  form,  the  1997  hard  copy  representation,  and  the  1992  hard  copy)  to 
detect  problems. 

•  Cross-tabulations  and  printouts  of  data  items  at  the  case  level  were  generated  to  investigate 
complicated  questions,  such  as  whether  a  calculation  was  working  correctly  or  why  there  was  a 
missing  value  in  a  certain  variable. 

•  Continuous  reviews  of  the  frequencies  were  performed  until  no  more  errors  were  detected. 

•  A  cumulative  data  set  of  all  interviews  completed  to  date,  accompanied  by  a  footnote  file 
explaining  any  anomalies  or  errors  still  to  be  resolved,  was  delivered  quarterly  and  then  monthly 
to  the  Air  Force  for  review.  All  errors  identified  by  the  Air  Force  were  corrected  by  NORC,  the 
data  set  was  corrected  and  delivered  a  final  time,  and  the  corrections  were  accepted. 

Response  frequencies  for  all  data  fields  were  reviewed  regularly  to  ensure  that  data  for  all  variables  were 
captured,  answers  made  logical  sense,  and  the  skips  and  checks  programmed  by  CAPI  were  operating 
correctly.  These  QC  checks  revealed  a  small  number  of  problems  in  the  questionnaire,  all  of  which  were 
corrected  without  significant  loss  of  data.  These  problems,  along  with  the  solutions  applied,  were 
documented  in  the  footnotes  included  with  the  data  file. 

One  of  these  problems  was  discovered  during  processing  of  the  first  questionnaires.  During  a  variable- 
by- variable  review  of  the  interval  questionnaire,  NORC  discovered  that  a  short  series  of  questions 
concerning  mental  and  emotional  illness  had  been  omitted  from  the  CAPI  program.  Three  steps  were 
taken  to  correct  this  situation: 

1 .  A  hard-copy  version  of  the  questions  was  immediately  distributed  to  NORC’s  interviewers  at 
Scripps  Clinic  so  that  the  information  would  be  obtained  for  the  remaining  participants  in  the 
current  physical  examination  group.  These  data  were  manually  entered  into  the  questionnaire 
database. 

2.  A  revised  version  of  the  interval  questionnaire,  containing  the  omitted  questions,  was  installed  on 
the  interviewers’  computers  within  6  calendar  days  of  the  problem  discovery. 
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3.  NORC  schedulers  telephoned  the  participants  who  were  not  asked  the  omitted  questions  during 
their  in-person  interview  to  retrieve  the  information.  These  data  were  manually  entered  into  the 
questionnaire  database. 

6.2  PHYSICAL  EXAMINATION  QC 

The  Scripps  Clinic  selection  process  for  all  personnel  who  were  to  interact  directly  with  the  participants 
ensured  a  high-quality  physical  examination.  Each  staff  member  was  hand-selected  for  the  AFHS  on  the 
basis  of  expertise,  experience,  and  a  commitment  to  remain  with  the  study  throughout  the  examination 
process.  Further,  the  Air  Force  reviewed  the  credentials  of  all  key  staff  members  and  approved  their 
participation  in  the  study. 

A  complete  pre-examination  test  was  held.  Eleven  volunteers  completed  the  physical  examinations, 
interviews,  psychological  tests,  and  laboratory  analyses  several  weeks  before  the  scheduled  start  of  the 
study.  All  aspects  of  patient  contact  were  reviewed:  the  initial  inbriefing  of  the  participants,  the  logistics 
of  transportation  and  patient  flow  within  the  clinic,  and  the  final  outbriefing  by  the  diagnostician. 

During  the  actual  examinations,  refinements  were  made  whenever  operational  problems  were  detected. 
Whether  detected  by  the  Scripps  staff,  the  Air  Force  onsite  monitor,  or  the  participants,  study  problems 
were  addressed  during  periodic  clinical  QA  meetings  of  key  Scripps  staff.  For  instance,  participant 
temperatures  were  not  recorded  for  the  first  few  physical  examination  groups.  This  error  in  protocol  was 
addressed  in  one  of  these  meetings.  The  Air  Force  reviewed  the  affected  records,  found  no  comments 
concerning  elevated  temperatures,  and  coded  these  records  as  normal. 

During  the  physical  examination,  the  identification  of  27  chest  x  rays  was  found  to  be  questionable 
because  of  incomplete  or  improper  labeling.  Although  no  data  from  the  x  rays  were  to  be  used  in  the 
analysis,  the  27  participants  whose  x  rays  were  in  question  were  contacted  and  arrangements  were  made 
to  reshoot  their  x  rays.  All  but  six  x  rays  were  retaken;  two  participants  refused. 

Following  examination  of  each  participant  group,  the  Scripps  staff  reviewed  all  physical  examination 
forms  for  omissions,  incomplete  examinations,  and  inconsistencies.  When  issues  were  found,  the 
examiners  or  technicians  were  contacted  to  correct  the  data.  Special  effort  was  made  to  complete  this 
review  while  the  participants  were  at  the  examination  site.  In  all  cases  in  which  data  were  corrected,  the 
form  was  initialed  by  the  doctor  or  technician  making  the  correction.  (This  subject  is  discussed  in  more 
detail  in  the  Medical  Data  QC  section  of  this  chapter.)  An  optical  scanner  read  all  mark-sense  physical 
examination  forms  as  an  ongoing  QA  of  form  completion. 

The  Air  Force  onsite  monitor  and  the  Scripps  Clinic  administrative  team  monitored  compliance  with  the 
physical  examination  process.  The  Scripps  Clinic  Chief  of  Medicine  and  the  SAIC  Project  Manager 
conducted  additional  periodic  inspections.  All  such  clinical  reviews  were  performed  unobtrusively  and 
with  the  full  consent  of  the  participant;  suggestions  or  corrections  to  the  examination  procedure  always 
were  discussed  privately  with  the  attending  physician.  These  inspections  emphasized  aspects  of  clinical 
techniques,  sequence,  and  completeness  of  the  clinical  data  with  respect  to  the  examination  forms  and  the 
blindness  of  the  examinations.  Of  particular  note  were  the  detailed  daily  log  entries  of  the  Air  Force 
monitors.  These  entries  ensured  continuity  of  knowledge  (the  monitors  rotated  approximately  every  2 
weeks)  by  documenting  daily  activities  and,  when  needed,  recording  events  requiring  follow-up  by  either 
the  Air  Force  or  SAIC. 
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Establishing  a  rapport  with  each  study  participant  was  a  primary  goal  of  all  the  organizations  involved  in 
the  study.  Although  this  may  not  be  a  traditional  QA  parameter  in  most  research  studies,  it  is  paramount 
in  the  AFHS.  Maintaining  participants’  satisfaction  encourages  them  to  continue  in  the  study,  thus 
avoiding  the  need  for  significant  participant  replacement,  which  can  reduce  future  statistical  power  or 
introduce  bias,  or  both.  Therefore,  every  staff  member  emphasized  courtesy,  empathy,  assistance,  and 
personalized  treatment  of  each  participant. 

Participants  were  asked  to  fill  out  an  evaluation  form  after  completion  of  their  1997  follow-up  physical 
examinations.  The  participant  evaluations  provided  insight  into  the  participants’  experiences,  including 
strong  points  of  the  programs  and  areas  in  need  of  improvement.  These  forms  were  reviewed  by  all  study 
management  staff. 

Based  on  the  participants’  evaluation  forms,  72.8  percent  evaluated  their  overall  clinic  experience  as 
excellent,  and  25.0  percent  classified  it  as  good.  One  participant  felt  that  the  experience  was 
unsatisfactory,  and  2.1  percent  of  the  participants  rated  it  as  satisfactory.  Figure  6-1  charts  those 
evaluations  of  the  participants’  clinic  experiences. 


Figure  6-1.  Participant  Evaluations  of  the  1997  AFHS  Clinic  Experience 


6.3  LABORATORY  QC 

Before  the  study  began,  specific  QC  laboratory  procedures  were  designed,  developed,  and  implemented 
to  detect  problems  related  to  test  and  assay  performance,  validity  of  reagents,  analysis  of  data,  and 
reporting  of  results.  All  laboratory  assays  for  the  study  were  performed  with  state-of-the-art  laboratory 
equipment  and  techniques.  Laboratory  facilities  all  had  the  equivalent  of  National  Institutes  of  Health 
Biosafety  Level  2  approval  ratings  and  were  certified  by  the  College  of  American  Pathology. 
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6.3.1  QC  Procedures  for  the  Clinical  Laboratory 

The  following  list  outlines  the  tests  performed  and  the  methods  and  equipment  used: 

•  Hematology  assays  were  performed  on  Coulter  STKS®  equipment. 

•  Erythrocyte  sedimentation  rate  determinations  were  performed  using  the  large-tube  Westergren 
method. 

•  Biochemical  assays  were  performed  using  the  Dade  RxL®  Automated  Chemical  Analyzer. 

•  Radioimmunoassays  were  performed  with  standard  test  kits. 

•  Electrophoresis  and  occult  blood  tests  were  performed  manually. 

•  Hepatitis  A,  B,  C,  and  D  tests  were  performed  using  Abbott  Commander®  and  Quantum® 
machines. 

•  Monospecific  antibodies  were  used  for  immunoglobulin  assays  using  the  Beckman  Array  Protein 
System®. 

•  T  &  B  lymphocytes  were  analyzed  on  BD  FACSCAN  equipment. 

•  Blood-cell  counts  were  performed  with  standard  microscopy. 

•  All  urinalyses  were  performed  using  Bayer  Atlas®  equipment. 

•  All  other  assays  were  performed  using  industry-standard  equipment  and  techniques. 

All  laboratory  operations  were  controlled  with  the  use  of  an  integrated  medical  laboratory  management 
information  system  that  incorporated  direct  device-to-database  interfaces  for  automated  testing 
equipment.  Laboratory  technologists  performed  data  entry  for  manual  tests.  An  automated  audit  trail 
and  a  set  of  comments  for  technologist  remarks  were  kept  for  each  test  so  that  any  QC  results  could  be 
retraced. 

Procedural  QC  included  using  the  same  instrument  and  reagents  from  the  same  lot  numbers  whenever 
possible  throughout  the  study.  If  single  lots  were  unavailable,  analyses  were  conducted  to  calibrate 
subsequent  lots  and  establish  target  levels  and  associated  standard  deviations.  Strict  standards  of 
calibration  for  all  automated  laboratory  equipment  were  maintained  at  all  times. 

Trilevel  or  bilevel  controls  were  used  as  the  primary  means  for  monitoring  the  quality  of  all  tests.  On 
every  group  of  participant  samples,  one  control  (low,  medium,  or  high)  was  run  at  the  start,  after  every 
ninth  sample,  and  at  the  end  of  each  test  run.  Each  trilevel  control  was  used  before  repeating  it  in  the  run 
when  more  than  18  experimental  samples  were  analyzed.  In  addition,  split  aliquots  were  created  from 
every  10th  participant  sample  and  were  analyzed  separately  to  measure  test  reproducibility.  In 
radioimmunoassays,  all  three  control  levels  were  run  initially  to  validate  the  standard  curve  generated. 

Scripps  Clinic  Medical  Laboratory  has  defined  quality  requirements  of  accuracy  above  99  percent  and 
levels  of  precision  above  97  percent.  A  variation  of  the  Westgard  Rules  (1,2)  QC  technique  is  routinely 
used  in  the  Scripps  Laboratory  and  was  used  for  AFHS  assays.  In  this  variation,  the  hs  single  rule  and 
4is  multiple  rule  are  used.  The  l2s  rule  indicates  rejection  of  any  run  when  the  control  value  of  any  one 
of  the  three  controls  (low,  mid,  high)  exceeds  two  standard  deviations  from  the  mean.  The  4is  rule 
indicates  rejection  of  a  run  when  four  consecutive  control  measurements  exceed  one  standard  deviation 
on  the  same  side.  This  approach  ensures  an  effective  system  for  reducing  the  probability  of  false 
rejection  to  the  lowest  acceptable  level  while  maintaining  error  detection  at  more  than  98  percent. 
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All  QC  data  were  analyzed  and  summarized  in  formal  QC  reports  generated  monthly.  QC  data  were 
subjected  to  independent  statistical  analysis  by  the  Air  Force  to  produce  and  analyze  time-dependent 
trends.  For  all  equipment  malfunctions  or  other  exceptions,  a  formal  QC  exception  report  was  prepared 
by  the  responsible  individual  and  forwarded  to  the  project  management  team.  A  summary  of  the 
coefficients  of  variation  for  each  quantitative  laboratory  assay  is  presented  in  Appendix  D.  These 
coefficients  of  variation  are  given  separately  for  each  control  level  and  lot. 

As  the  examination  portion  of  this  study  ended,  an  independent  clinician  analyzed  laboratory  outliers  for 
logical  validity.  All  out-of-range  test  results  were  examined  and  scored  as  “clinically  explainable,” 
“clinically  possible,”  or  “clinically  unexplained.”  No  clinical  laboratory  data  were  excluded  from  the 
report  analyses  because  all  potential  out-of-range  results  were  found  to  be  clinically  explainable  or 
clinically  possible. 


6.4  MEDICAL  DATA  QC 

6.4.1  Overview  of  QC  Procedures 

The  QC  procedures  for  the  medical  data  consisted  of  multiple  checks  at  all  stages  of  the  examination, 
data  collection,  and  data  processing  cycle.  A  representation  of  the  QC  process  is  given  in  Figure  6-2. 
Although  improvements  were  made  throughout  the  physical  examination  period,  QC  procedures  for  data 
collection,  conversion,  and  integration  were  developed  before  the  clinical  examinations  began.  All  data 
collection  instruments  were  tested  at  the  pre-examination  test  conducted  several  weeks  before  the  start  of 
participant  physical  examinations.  In  addition,  during  the  first  2  months  of  the  clinical  examinations,  all 
data  collection  activities  were  routinely  scrutinized  to  detect  and  correct  procedural  deficiencies.  Other 
QC  activities  included  the  following: 

•  Automated  QC  techniques  applied  to  laboratory  data 

•  Clinical  evaluations  of  all  laboratory  outliers 

•  Review  of  all  physical  examination  findings  by  one  of  two  diagnosticians 

•  Automated  and  manual  data  quality  checking  of  hard  copy  against  transcribed  computer  files. 

Four  interwoven  layers  of  QC  were  instituted  to  ensure  data  integrity.  These  efforts  focused  on  (1)  data 
processing  system  design,  (2)  design  and  administration  of  all  exams,  (3)  data  completeness  checks,  and 
(4)  data  validation.  In  addition,  Air  Force  investigators  reviewed  all  physical  examination  forms  and 
entries.  Forms  that  were  found  to  be  questionable,  inaccurate,  or  incorrect  were  returned  to  Scripps 
Clinic  for  adjudication. 
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Figure  6-2.  Physical  Examination  Form  QC  Process 


6.4.2  Data  Processing  System  Design 

Standards  were  established  for  data  element  formats  (character  or  numeric),  data  element  naming 
conventions,  data  element  text  labels,  numeric  codes  for  qualitative  responses  and  results,  QC  range 
checks  for  continuous  data  elements,  and  QC  validity  checks  for  categorical  data.  A  data  dictionary 
provided  detailed  information  on  each  data  element. 

A  systems  integration  approach  was  applied  to  the  design  and  implementation  of  data  collection 
procedures  so  that  data  emanating  from  study  sources  (physical  examination,  questionnaire,  and 
laboratory)  were  consistent  in  file  format  and  structure.  This  approach  was  necessary  to  ensure  that  all 
data  could  be  integrated  into  a  single  database  for  analysis. 
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Data  collection  forms  were  carefully  designed  to  ensure  that  all  required  data  elements  would  be 
collected  in  accordance  with  the  study  protocol  and  in  a  standardized  format.  These  instruments  were 
designed  to  reflect  the  order  in  which  the  examination  itself  would  be  administered  and  to  provide  for  the 
sequential  coding  of  information. 

Completed  clinical  examination  forms  were  converted  from  hard  copy  to  machine-readable  images  using 
optical  mark  reading  equipment.  Verification  procedures  were  performed  to  ensure,  that  a  uniquely 
identified  participant  record  existed  within  each  data  file  and  that  the  appropriate  number  of  responses 
for  each  applicable  field  was  provided.  Data  files  were  then  translated  into  a  SAS®  data  set,  verified 
against  original  data  sheets,  and  corrected  as  necessary.  All  corrections  to  the  original  data  sets  were 
saved  in  the  processing  program,  which  was  delivered  to  the  Air  Force  for  verification. 

Next,  the  SAS®  data  sets  were  subjected  to  validity  checks.  All  potentially  conflicting  results,  as  well  as 
any  data  values  falling  at  the  extremes  of  expected  ranges,  were  manually  reviewed.  Extreme  values 
were  verified  against  the  original  data  forms  and  either  corrected  or  documented  as  valid  results. 
Potentially  conflicting  results,  either  within  one  form  or  among  forms,  were  returned  to  the  examiners  for 
review.  These  results  were  then  documented  as  having  been  correctly  recorded,  corrected,  or  flagged  for 
exclusion  from  analysis  because  of  unresolvable  examiner  errors  or  omissions.  This  process  was 
continued  until  all  results  were  properly  documented. 

The  validity  checks  were  tested  with  the  delivery  of  the  first  cumulative  medical  results  data.  At  that 
time,  it  was  discovered  that  some  data  were  not  properly  cross-checked  between  collection  forms.  The 
discrepancies  were  adjudicated  by  the  appropriate  Scripps  Clinic  staff  and  corrected  on  the  forms  and  in 
the  database  in  accordance  with  the  QC  procedure.  Additional  QC  steps  were  added  to  the  procedures 
because  of  these  discrepancies. 

Once  the  edits  were  completed  and  the  data  verified,  the  “cleaned”  files  were  transferred  to  the  data 
analysis  center  for  final  inspection  and  integration  into  the  study  database.  In  this  QC  measure, 
descriptive  analyses  were  run.  The  validation,  correction,  transmission,  and  analysis  QC  procedures 
were  repeated  as  necessary  to  ensure  that  all  extreme  or  suspicious  values  had  been  validated.  As  an 
additional  measure  of  QC,  cumulative  result  data  sets  were  delivered  quarterly  during  the  physical 
examination  phase  for  Air  Force  review.  The  data  sets  were  finalized  following  the  close  of  the  physical 
examinations  and  before  the  start  of  statistical  analysis.  The  process  for  cleaning  and  converting  the 
collected  data  into  final  data  sets  is  found  in  Figure  6-3. 

6.4.3  Design  and  Administration  of  Physical  and  Psychological  Examination  Forms 

The  examination  forms  were  designed  to  elicit  all  required  data  while  minimizing  recording  time, 
enhancing  comprehension,  and  automating  data  input.  Customized  mark-sense  forms  were  developed 
and  optical  mark  recognition  technology  (OMR)  was  used  to  eliminate  the  risk  of  transcription  errors. 
The  use  of  mark-sense  forms  allowed  the  creation  of  computerized  data  files  directly  from  the  raw  data 
recorded  on  these  forms. 
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Figure  6-3.  Conversion  and  Cleaning  Process  for  Medical  Data 


QC  procedures  for  all  data  collection  instruments  began  with  both  manual  and  electronic  reviews  of  each 
form  as  it  was  completed.  A  mark-sense  reader  was  used  at  Scripps  Clinic  to  scan  for  completeness  and 
to  conduct  some  broad-based  logic  checks.  Any  forms  containing  missing,  incomplete,  or  contradictory 
examination  results  were  returned  to  the  examining  physician  for  completion  before  the  participants  left 
the  site.  Any  questionable  results  or  “hard-to-diagnose”  conditions  (such  as  heart  sounds  or  peripheral 
pulses)  were  verified  by  the  diagnostician  at  the  outbriefing.  In  addition,  any  differences  in  interpretation 
among  examiners  were  identified,  and  adjustments  in  recording  protocols  and  programmed  data 
extraction  were  made  as  necessary.  All  examination  forms  were  signed  by  the  examining  physician,  and 
the  examiner  identification  number  was  coded  in  the  database. 

6.4.4  Data  Completeness  Checks 

Customized  programming  of  the  OMR  allowed  for  the  identification  of  those  forms  (and  their 
corresponding  data  records)  with  missing  responses,  as  well  as  those  with  multiple  responses  to  questions 
that  required  a  single  response.  The  OMR  scanner  was  programmed  to  reject  forms  that  failed 
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completeness  and  multiple  response  checks  and  to  generate  a  control  code  for  each  rejected  form.  The 
control  code  identified  the  location  of  all  verification  checks  failed  for  a  given  form. 

When  a  data  collection  form  was  rejected,  the  reason  for  the  rejection  was  determined.  The  exact  data 
element  was  then  corrected  by  comparing  the  rejected  form  to  the  values  recorded  in  the  data  record 
created  by  the  scanner.  Some  of  the  rejected  forms  did  not  contain  actual  data  errors,  but  rather 
anomalies  created  in  using  mark-sense  forms  for  data  collection.  For  example,  the  scanner  incorrectly 
counted  incompletely  erased  responses  and  missed  responses  marked  with  too  little  carbon  or  graphite. 

In  addition,  examiners  tended  to  mark  responses  clearly  for  abnormal  findings  and  to  mark  responses 
lightly  or  to  bypass  responses  for  expected  or  desired  findings.  Failure  of  the  form  to  provide  the  correct 
number  of  expected  responses  always  resulted  in  rejection.  These  errors  were  resolved,  as  were  the 
anticipated,  more  traditional  errors. 

Out-of-range  results  and  data  omissions  were  monitored  to  detect  trends,  possible  bias  situations,  and 
other  data-quality  problems.  This  information  was  reviewed  and  relayed  to  examiners  and  internal 
auditors  to  assist  in  preventing  or  correcting  chronic,  but  avoidable,  problems.  Refresher  training  was 
provided  to  examining  physicians  to  avoid  data  omissions.  Physicians  were  consulted  to  correct  clinical 
data,  and  laboratory  out-of-range  results  were  reviewed  for  logical  validity  by  an  independent  clinician. 

6.4.5  Data  Validation 

Data  files  were  examined  in  a  series  of  verification  and  validation  procedures  developed  to  check  the 
results  within  each  participant’s  record  for  logical  consistency  and  abnormal  findings.  Any  records  noted 
to  have  ambiguous  findings,  incongruent  observations,  extreme  results,  errors,  or  omissions  were  listed 
and  submitted  for  review  to  a  physician.  Data  items  that  could  not  be  definitively  validated  or  recovered 
through  consultation  with  the  original  examiner  were  assigned  codes  noting  missing  or  invalid  data 
values.  Some  reasons  for  unavailable  data  included  the  following: 

•  Participant  refusal 

•  Unscorable  psychological  tests 

•  Test  not  ordered  (e.g.,  immunology  tests,  which  were  only  ordered  for  a  subset  of  the 
participants) 

•  Exemption  from  testing  (e.g.,  exemption  from  postprandial  glucose  testing  because  of  diabetes). 

These  unrecoverable  data  were  excluded  from  subsequent  analysis.  The  number  of  values  not  available 
for  analyses  is  presented  in  each  clinical  chapter  by  variable. 

In  the  validation  process,  transcription  errors  were  found  between  the  two  dermatology  data  collection 
forms.  Although  these  data  were  not  to  be  analyzed  for  this  report,  all  forms  were  manually  checked  and 
corrections  were  made  by  the  dermatologist. 

In  validating  the  genitourinary  data,  SAIC  found  14  participant  records  with  inconsistent  information.  In 
all  cases  either  the  right  testis,  or  both  the  left  and  right  testes,  were  not  indicated  as  normal  or  abnormal. 
Scripps  Clinic  physicians  reviewed  the  records  and  concluded  that  the  intention  had  been  to  code  the 
testes  normal.  These  results  were  recoded  to  reflect  that  finding.  All  changes  were  noted  on  the  data 
collection  forms. 
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All  laboratory  outliers  were  reviewed  and  adjudicated  by  an  auditing  physician.  Each  outlier  was 
adjudicated  using  the  following  four  codes: 

1 .  Clinically  explained  or  plausible  (participant  has  single  outlier) 

2.  Clinically  explained  or  plausible  (participant  has  multiple  outliers) 

3.  Abnormal  outlier  not  clinically  explained  but  plausible 

4.  Abnormal  outlier  not  clinically  explained  and  not  plausible. 

These  clinical  judgments  were  included  in  the  processing  files.  In  the  1997  follow-up  study,  no 
laboratory  outliers  were  coded  as  “4.” 


6.5  MEDICAL  RECORDS  CODING  QC 

SAIC  forwarded  completed  physical  examination  records  and  questionnaire  data  to  the  Air  Force  at 
Brooks  Air  Force  Base,  Texas,  for  diagnostic  coding  and  verification  of  all  subjectively  reported 
conditions.  The  Air  Force  used  the  International  Classification  of  Diseases,  9th  Revision,  Clinical 
Modification  (ICD-9-CM)  for  morbidity  coding;  the  Systematized  Nomenclature  of  Medicine  for 
anatomic  site  coding;  and  the  American  Hospital  Formulary  Service  for  medication  coding.  Two  medical 
records  technicians  independently  processed  each  questionnaire  and  physical  examination.  Both  codings 
were  then  subjected  to  a  100-percent  QA  review,  during  which  every  posted  code  was  checked  against 
medical  records.  A  third  medical  records  technician  adjudicated  any  discrepancies. 


6.6  STATISTICAL  ANALYSIS  QC 

Specific  QC  measures  were  developed  for  the  statistical  analysis  efforts.  The  tasks  requiring  QC 
included  construction  of  databases  for  the  analysis  of  each  clinical  chapter,  the  statistical  analysis  itself, 
and  the  preparation  of  the  clinical  chapters. 

Each  specialized  statistical  database  was  constructed  by  defining  and  locating  every  variable  within  the 
many  subparts  of  the  composite  follow-up  database.  Although  the  data  had  been  subjected  to  QA 
procedures  during  collection,  statistical  checks  for  outliers  and  other  improbable  values  were  conducted. 
Anomalies  identified  by  the  statisticians  were  discussed  with  those  responsible  for  the  data  collection 
(i.e.,  NORC,  Scripps  Clinic,  or  the  Air  Force). 

QA  largely  depended  on  regular  communication  and  general  agreement  among  statisticians.  Several 
meetings  and  consultations  between  the  Air  Force  team  and  SAIC  statisticians  were  held  in  conjunction 
with  the  development  of  the  data  analysis  plan.  In  addition,  many  telephone  conversations  took  place 
during  the  course  of  the  physical  examination.  During  the  analysis,  there  were  frequent  telephone 
conversations,  and  any  problems  identified  in  the  statistical  analysis  were  resolved  by  team  discussion. 
Specialized  SAS@  programs  were  developed  by  the  task  manager  for  each  type  of  analysis  (exposure, 
longitudinal,  dependent  variable-covariate  associations)  and  form  of  the  dependent  variable  (continuous, 
dichotomous,  polytomous).  The  software  was  checked  by  comparing  results  from  analyses  on  the  same 
variable  by  different  programs.  These  programs  were  adapted  for  use  in  all  clinical  areas  by  changing  the 
data  source,  dependent  variable,  covariates,  and  exclusions,  so  that  a  consistent  statistical  methodology 
could  be  applied  to  all  clinical  areas.  Modifications  to  the  programs  were  made  only  as  necessary  (e.g.,  a 
sparse  number  of  abnormalities  that  necessitated  the  exclusion  of  a  particular  covariate).  Each  analysis 
and  the  summary  statistics  reported  for  the  analysis  were  replicated  independently  by  a  separate 
statistician.  The  analyses  were  conducted  in  accordance  with  the  data  analysis  plan,  which  was  reviewed 
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extensively  by  SAIC  and  the  Air  Force.  Throughout  the  study,  the  Air  Force  and  SAIC  maintained 
duplicate  databases.  Upon  completion  of  the  analyses,  SAIC  delivered  all  analysis  software  and  SAS® 
data  sets  for  each  clinical  area  to  the  Air  Force  for  final  review  and  archiving. 

All  tables  and  statistical  results  were  checked  against  the  computer  output  from  which  they  were  derived, 
and  all  statistical  statements  in  the  texts  were  checked  for  consistency  with  the  results  given  in  the  tables. 
In  addition,  drafts  of  each  chapter  in  this  report  were  reviewed  by  the  Air  Force  and  SAIC  investigators. 


6.7  ADMINISTRATIVE  QA 

In  recognition  of  the  magnitude,  complexity,  and  importance  of  the  AFHS,  SAIC  created  an  internal 
Quality  Review  Committee  (QRC).  The  QRC  was  established  at  the  initiation  of  the  1985  follow-up  and 
continued  through  the  1987,  1992,  and  1997  follow-up  studies.  Its  purpose  was  to  provide  general 
oversight  to  the  AFHS  program  and  advice  on  the  appropriateness  of  program  management  and  QC 
actions.  The  QRC  comprised  SAIC  senior  corporate  personnel  and  consultants.  These  independent 
reviewers  remained  separate  from  the  project  management  staff.  The  QRC  met  periodically  to  review 
study  progress  and  any  issues  that  either  had  an  impact  on  study  quality  or  were  perceived  as  a  potential 
problem.  Members  of  the  QRC  also  conducted  first-hand  evaluations  of  ongoing  program  operations. 
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7  STATISTICAL  METHODS 


7.1  INTRODUCTION 

This  chapter  summarizes  the  statistical  methods  used  in  the  analysis  of  Air  Force  Health  Study  (AFHS) 
1997  follow-up  examination  data  to  investigate  relations  between  the  health  status  of  the  2,121 
participants  attending  this  examination  and  their  corresponding  group  (Ranch  Hand  or  Comparison)  or 
serum  dioxin  estimates  and  measurements.  Group  contrast  models  were  similar  to  analyses  performed 
for  the  1982  baseline  and  1985,  1987,  and  1992  follow-up  examinations  (1, 2,  3, 4).  Models  relating 
health  to  dioxin  estimates  and  measurements  were  based  on  analyses  performed  for  the  Serum  Dioxin 
Analysis  Report  for  the  1987  Follow-up  and  1992  follow-up  examinations  (4,  5). 

The  statistical  methods  used  in  this  report  encompassed  four  different  forms  of  hypotheses  or  models 
applied  to  266  study  endpoints.  Each  of  these  models  specified  the  study  cohort  or  subset  of  participants 
included  in  the  respective  analyses  together  with  the  dioxin  exposure  or  proxy  estimates  used  in  the 
analysis.  The  first  model  (Model  1)  specified  contrasts  between  Ranch  Hands  and  Comparisons  using 
group  as  a  proxy  for  exposure,  and  it  did  not  incorporate  serum  dioxin  measurements.  The  remaining 
three  models  (Models  2,  3,  and  4)  all  incorporated  serum  dioxin  measurements.  A  summary  description 
of  each  of  the  four  models  is  provided  in  section  7.2,  “Models  and  Assumptions.” 

Each  model  and  exposure  estimate  combination  was  implemented  for  study  variables  and  type  of  analysis 
(unadjusted,  adjusted,  or  longitudinal).  The  specific  statistical  procedures  (e.g.,  analysis  of  variance  or 
logistic  regression)  that  were  used  are  presented  in  section  7.3,  “Factors  Determining  Statistical  Analysis 
Method.”  The  relation  between  the  factors  and  statistical  procedures  is  presented  in  section  7.4, 
“Analysis  Methodologies.”  That  presentation  is  followed  by  a  discussion  of  “Interpretive 
Considerations”  (section  7.5),  and  a  description  of  the  contents  of  tables  used  to  report  statistical  analysis 
results  throughout  the  report  is  given  in  the  “Explanation  of  Tables”  (section  7.6). 


7.2  MODELS  AND  ASSUMPTIONS 

The  statistical  analysis  was  based  primarily  on  four  models,  each  using  a  different  estimate  of  exposure. 
The  first  model  used  group  and  military  occupation  (officer,  enlisted  flyer,  and  enlisted  groundcrew)  to 
assess  health  effects  and  dose-response  relations  related  to  herbicide  exposure.  Serum  dioxin 
measurements  were  not  used  in  this  model.  The  other  three  models  accounted  for  dioxin  effects  either 
through  estimated  initial  dioxin  levels  for  Ranch  Hands  or  using  current  or  recent  serum  dioxin  levels  for 
Ranch  Hands  and  Comparisons  to  assess  health  endpoints  (e.g.,  cholesterol,  diabetes)  and  dose-response 
relations  related  to  exposure.  These  analyses  were  accomplished  with  and  without  adjustment  for 
covariates. 

Throughout  this  report,  dioxin  levels  are  used  as  measures  of  both  exposure  to  dioxin  itself  and  exposure 
to  dioxin-contaminated  herbicides,  including  Herbicide  Orange.  Direct  contrasts  of  Ranch  Hand  and 
Comparison  veterans  (Model  1)  address  the  hypothesis  of  health  effects  attributable  to  any  herbicide 
exposure  experienced  by  Ranch  Hand  veterans  during  Operation  Ranch  Hand.  Models  involving  dioxin 
measurements  address  the  hypothesis  that  health  effects  change  with  the  amount  of  exposure.  Dioxin 
measurements  are  used  as  a  measure  of  exposure  to  dioxin-contaminated  herbicides  because  it  is 
expected  that  as  exposure  to  such  herbicides  increased,  dioxin  levels  should  increase.  Therefore,  the 
dioxin  measurement  serves  as  direct  biomarker  of  exposure  to  dioxin-contaminated  herbicides.  No  other 


7-1 


direct  measure  or  estimate  of  herbicide  exposure  is  available  with  which  to  address  hypothetical  dose- 
response  relations  with  health.  Some  indirect  measures,  such  as  self-report  of  skin  contact  among 
enlisted  groundcrew,  or  simply  being  a  Ranch  Hand  enlisted  groundcrew  member,  are  valuable 
alternatives  because  dioxin  measures  suggest  that  enlisted  groundcrew  experienced  the  heaviest 
exposures.  Reported  skin  exposure  is  not  addressed  in  this  report,  but  enlisted  groundcrew  status  is 
addressed  in  Model  1.  The  use  of  dioxin  as  a  measure  of  exposure  to  dioxin-contaminated  herbicides  is 
consistent  with  the  goal  of  the  study,  which  is  to  determine  whether  health  effects  exist  and  can  be 
attributed  to  occupational  exposure  to  Herbicide  Orange  (6). 

7.2.1  Model  1 :  Group  and  Occupation  as  Estimates  of  Exposure 

This  section  describes  the  model  that  used  the  exposure  group  (Ranch  Hand,  Comparison)  to  assess  the 
relation  between  health  status  and  dioxin  exposure.  Statistical  analyses  based  on  this  model  were  termed 
“Model  1”  in  the  assessment  of  the  clinical  areas.  Analyses  of  this  type  are  straightforward,  easy  to 
interpret,  and  well  established  in  epidemiological  studies.  In  this  model,  exposure  was  defined  as  “yes” 
for  Ranch  Hands  and  “no”  for  Comparisons  without  regard  to  the  magnitude  of  the  exposure.  As  an 
attempt  to  quantify  exposure,  three  contrasts  of  Ranch  Hands  and  Comparisons  were  performed  along 
with  the  overall  Ranch  Hand  versus  Comparison  contrast.  These  three  contrasts  compared  Ranch  Hands 
and  Comparisons  within  each  occupational  category  (officers,  enlisted  flyers,  and  enlisted  groundcrew). 
As  described  in  the  analyses  performed  for  the  Serum  Dioxin  Analysis  Report  for  the  1987  Followup  (5), 
the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by  enlisted 
flyers,  then  officers. 

Table  7-1  provides  a  description  of  Model  1  and  gives  the  assumptions,  advantages,  and  disadvantages 
for  a  continuously  distributed  health  endpoint,  y.  The  model  presented  in  Table  7-1  is  unadjusted  for  any 
covariates — adjusted  models  are  a  straightforward  extension. 
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Table  7-1 .  Model  1 :  Assessing  Health  versus  Group  Status  in  Ranch  Hands  and  Comparisons: 
Assumptions,  Advantages,  and  Disadvantages 

Model  1:  y  = 

y  = 

ji  +  Gi  +  e  (All  Ranch  Hands  and  Comparisons) 

\i  +  Gi  +  Oj  +  (GO)ij  +  e  (Ranch  Hands  and  Comparisons  by  occupation) 

where 

y 

Gi  = 

Oj  = 

(GO)ij= 

e  = 

health  variable  in  group  i  and  occupation  j 

effect  due  to  group  status  (i  =  1,2  -  Comparisons,  Ranch  Hands) 

effect  due  to  occupation  (j  =  1,2,3  -  Officers,  Enlisted  Flyers,  Enlisted  Groundcrew) 

interaction  between  group  status  and  occupation  (i  =  1,2;  j  =  1,2,3);  used  to  examine  Ranch  Hand 

and  Comparison  differences  for  each  occupation 

zero  mean  error. 

Assumptions: 

Comparisons  were  unexposed  and  Ranch  Hands  were  exposed. 

For  the  purposes  of  investigating  dose-response  effects,  enlisted  groundcrew  were  more  heavily 
exposed  than  enlisted  flyers,  and  enlisted  flyers  were  more  heavily  exposed  than  officers. 

The  error  variance  does  not  change  with  group  status  or  occupation. 

Advantages: 

Easily  interpretable. 

Disadvantages:  Results  are  biased  toward  the  null  hypothesis  of  no  dioxin  effect  if  unexposed  Ranch  Hands  are 
misclassified  (i.e.,  remain  in  the  analysis  as  exposed  Ranch  Hands).  It  is  not  possible  to  fully 
distinguish  unexposed  Ranch  Hands  from  exposed  Ranch  Hands. 

7.2.2  Models  2  through  4:  Serum  Dioxin  as  an  Estimate  of  Exposure 

Current  dioxin  levels  in  1987  were  determined  by  the  Centers  for  Disease  Control  and  Prevention  from 
serum  samples  taken  from  approximately  2,000  Ranch  Hands  and  Comparisons.  Additional  serum 
samples  were  taken  from  selected  Ranch  Hands  and  Comparisons  at  the  1992  and  1997  follow-up 
examinations  to  provide  insight  on  dioxin  levels  and  the  elimination  of  dioxin  from  the  body,  and  to 
provide  measurements  for  new  subjects  and  those  who  were  not  previously  measured.  A  discussion  of 
the  details  of  dioxin  measurement  is  found  in  Chapter  2,  Dioxin  Assay. 

Investigation  of  the  mechanics  of  dioxin  elimination  is  currently  under  study  by  the  Air  Force.  Based  on 
samples  collected  in  1982,  1987,  1992,  and  1997,  issues  such  as  half-life  estimation  and  first-order 
pharmacokinetic  assumptions  are  being  investigated. 

7.2.2. 1  Prior  Knowledge  Regarding  Dioxin 

This  section  presents  analytic  strategies  based  on  assumptions  and  models  conceived  after  the  Ranch 
Hand  half-life  study  published  in  1996  (7).  Available  data  have  suggested  that  the  dioxin  elimination 
process  is  first-order,  based  on  measurements  subsequent  to  the  ingestion  of  dioxin  by  an  individual  (8). 
Data  on  213  Ranch  Hand  veterans  with  dioxin  measured  in  blood  collected  in  1982,  1987,  and  1992 
produced  a  half-life  estimate  of  8.7  years  (7);  this  estimate  was  used  in  all  calculations  involving  half- 
life. 
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The  term  “elimination”  denotes  the  overall  removal  of  dioxin  from  the  body.  Some  of  the  analyses 
assumed  that  the  amount  of  dioxin  in  the  body  (C)  decreases  exponentially  with  time  according  to  the 
model  C  =  I  •  exp(-rt),  where  I  is  the  initial  level,  r  =  log(2)/h  is  the  elimination  rate,  h  is  the  half-life,  and 
t  is  the  number  of  years  from  the  end  of  service  in  Southeast  Asia  (SEA)  to  the  time  of  the  blood 
measurement  for  dioxin.  If  a  participant  had  measurements  at  more  than  one  point  in  time,  the 
measurement  closest  to  the  time  of  duty  in  SEA  was  used.  This  exponential  elimination  law  is  termed 
“first-order  elimination.” 

The  first-order  elimination  assumption  is  equivalent  to  assuming  a  one-compartment  model  for  dioxin 
distribution  within  the  body.  While  a  multicompartment  model  incorporating  body  composition  and 
dioxin  binding  to  tissue  receptors  would  provide  a  detailed  description  of  dioxin  concentrations  in 
different  compartments,  published  multicompartment  models  for  dioxin  distribution  within  the  body 
predict  first-order  elimination  of  dioxin,  overwhelmingly  because  of  fecal  elimination  (9). 

The  lip  id- weight  concentration  of  dioxin,  expressed  in  parts  per  trillion  (ppt)  (10,  1 1),  is  a  derived 
quantity  calculated  from  the  formula  ppt  =  ppq  •  102.6/W,  where  ppt  is  the  lipid-weight  concentration, 
ppq  (parts  per  quadrillion)  is  the  actual  whole  weight  of  dioxin  in  the  sample  in  femtograms,  102.6 
corrects  for  the  average  density  of  serum,  and  W  is  the  total  lipid  weight  of  the  sample  (9). 

The  relation  between  the  serum  lipid-weight  concentration  of  dioxin  and  lipid-weight  concentrations  in 
adipose  tissue  is  a  subject  of  continuing  research.  The  correlation  between  the  serum  lipid-weight 
concentration  and  adipose  tissue  lipid-weight  concentration  of  dioxin  has  been  observed  by  Patterson, 
et  al.,  to  be  0.98  in  50  persons  from  Missouri  (12).  Using  the  same  data,  Patterson,  et  al.,  calculated  the 
partitioning  ratio  of  dioxin  between  adipose  tissue  and  serum  on  a  lipid-weight  basis  as  1.09  (95% 
confidence  interval:  [0.97,1.21]).  On  the  basis  of  these  data,  a  one-to-one  partitioning  ratio  of  dioxin 
between  lipids  in  adipose  tissue  and  the  lipids  in  serum  could  not  be  excluded.  Measurements  of  dioxin 
in  adipose  tissue  generally  have  been  accepted  as  representing  the  body  burden  concentration  of  dioxin. 
The  high  correlation  between  serum  dioxin  levels  and  adipose  tissue  dioxin  levels  in  the  Patterson,  et  al., 
study  suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin  body  burden. 

7. 2.2. 2  Fundamental  Limitations  of  the  Serum  Dioxin  Data 
There  are  two  evident  limitations  to  the  available  data: 

♦  While  Ranch  Hand  data  did  not  appear  to  violate  a  first-order  elimination  assumption,  no 
serially  repeated  dioxin  assay  results,  taken  over  many  years  and  with  which  to  evaluate 
directly  the  adequacy  of  the  first-order  elimination  model  in  humans,  were  available. 

*  It  was  not  known  whether  Ranch  Hands  with  body  burdens  of  dioxin  at  or  below  10  ppt  were 
exposed  and  their  body  burdens  had  decreased  to  these  levels  since  their  time  of  duty  in  SEA, 
or  whether  they  were  not  exposed  at  all  during  their  time  of  duty  in  SEA. 

7.2.23  Model  2:  Health  versus  Initial  Dioxin  in  Ranch  Hands 

The  relation  between  estimated  initial  dioxin  levels  and  health  was  assessed  in  Ranch  Hands  using  the 
model  described  in  Table  7-2.  Statistical  analyses  based  on  this  model  were  termed  “Model  2”  in  the 
assessment  of  the  clinical  areas.  In  this  model,  an  initial  dioxin  level  was  estimated  for  a  Ranch  Hand 
from  a  current  or  recent  lipid-adjusted  dioxin  measure,  the  length  of  time  between  the  time  of  duty  in 
SEA  and  the  date  of  the  blood  measurement  of  dioxin,  and  an  estimated  half-life  of  8.7  years.  From 
studies  conducted  by  the  Air  Force,  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  appeared  to 
be  related  to  the  dioxin  half-life  for  a  participant  (7).  Hence,  this  body  fat  measure  was  included  in  this 
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model  as  a  covariate.  Model  2  differs  from  Model  1  in  that  the  estimate  of  exposure  in  Model  1  (group: 
Ranch  Hand,  Comparison)  was  not  dependent  upon  extrapolation  to  an  earlier  date. 

Table  7-2  also  includes  assumptions,  advantages,  and  disadvantages  of  the  model  for  a  continuously 
distributed  health  variable,  y.  The  model  presented  in  Table  7-2  is  unadjusted  for  any  additional  risk 
factors,  but  extension  to  an  adjusted  model  is  straightforward. 


Table  7-2.  Model  2:  Assessing  Health  versus  Initial  Dioxin  in  Ranch  Hands:  Assumptions, 
Advantages,  and  Disadvantages 


Model  2:  y  = 

b0  +  bilog2(I)  +  b2BF  +  e 

where 

y 

=  health  variable 

I 

BF 

=  extrapolated  initial  dose,  assuming  first-order  elimination,  I  =  4+(C-4)  •  exp(log(2)  •  t/h), 

where  4  ppt  is  considered  the  median  background  level  of  lipid-adjusted  dioxin; 
t  =  length  of  time  between  the  time  of  duty  in  SEA  and  the  date  of  the  blood  measurement 
of  dioxin  in  1987,  1992,  or  1997;  C  =  lipid-adjusted  dioxin,  determined  in  1987,  1992,  or 
1997;  and  h  =  dioxin  half-life  in  Ranch  Hands  assuming  first-order  elimination  (8.7  years 
assumed  for  analysis) 

=  body  fat  at  the  time  of  the  blood  measurement  of  dioxin,  calculated  from  the  formula 

shown  below 

e 

=  zero  mean  error. 

Body  fat  was  calculated  from  a  metric  body  mass  index  (13);  the  formula  is 

Body  Fat  ( in  percent )  - ^ - ^~r  #  1. 264  - 13.305. 

[Height  (m)]  2 

Assumptions: 

Ranch  Hands  received  a  single  dioxin  dose  in  Vietnam  and  background  exposure  thereafter. 

Ranch  Hands  experienced  first-order  dioxin  elimination. 

The  error  variance  does  not  change  with  health  status  or  initial  dioxin  dose. 

Advantages: 

Easily  interpretable. 

Most  efficient  if  first-order  elimination  and  half-life  are  valid  and  y  is  linearly  related  to  log2(I). 
The  logarithm  (base  2)  of  initial  dioxin  presents  the  dioxin  data  as  a  more  symmetric 
distribution  than  the  distribution  of  initial  dioxin  in  its  original  units.  In  addition,  the  relative 
risk  based  on  the  logarithm  (base  2)  of  initial  dioxin  is  more  meaningful  than  on  the  original 
scale  (i.e.,  a  doubling  of  initial  dioxin  rather  than  a  1  ppt  increase  in  dioxin). 

Disadvantages: 

Results  are  biased  if  first-order  elimination  or  constant  half-life  assumptions  are  not  valid. 

In  Table  7-2,  the  phrase  “single  dioxin  dose”  is  a  simplification  of  the  process  by  which  Ranch  Hands 
accumulated  dioxin  during  their  time  of  duty  in  SEA.  This  process,  which  undoubtedly  varied  from 
individual  to  individual,  is  unknown;  however,  the  time  of  duty  in  SEA  for  an  individual  Ranch  Hand 
generally  was  short  (1  to  3  years)  relative  to  the  time  elapsed  since  his  duty  in  SEA.  Hence,  additional 
knowledge  regarding  the  accumulation  of  dioxin  during  an  individual  Ranch  Hand's  time  of  duty  in  SEA, 
were  it  to  become  available,  would  not  likely  change  conclusions  drawn  from  any  of  the  statistical 
analyses. 
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Analyses  were  performed  on  Ranch  Hands  who  had  lipid-adjusted  dioxin  levels  greater  than  10  ppt  at 
either  the  1987,  1992,  or  1997  physical  examinations.  The  value  10  ppt  corresponds  to  the  approximate 
98th  percentile  of  the  Comparison  lipid-adjusted  dioxin  distribution.  Based  on  this  Comparison  dioxin 
distribution,  it  was  believed  that  participants  with  greater  than  10  ppt  lipid-adjusted  dioxin  were 
definitely  exposed.  It  was  not  known  whether  Ranch  Hands  with  dioxin  burdens  at  or  below  10  ppt  were 
exposed  and  their  body  burdens  had  decreased  to  these  levels  since  their  time  of  duty  in  SEA,  or  whether 
they  were  not  exposed  at  all  during  their  time  of  duty  in  SEA.  Lipid-adjusted  dioxin  levels  less  than  10 
ppt  are  subsequently  called  “background”  levels. 

7.2. 2.4  Model  3:  Health  versus  Dioxin  in  Ranch  Hands  and  Comparisons 

An  assessment  of  the  health  consequences  of  dioxin  above  background  levels  was  carried  out  with  a 
model  that  was  applied  to  both  Ranch  Hand  and  Comparison  data.  This  model  assessed  health  versus 
dioxin  body  burden  categorized  into  four  levels,  given  below: 

•  Comparisons — Comparisons  with  up  to  10  ppt  lipid-adjusted  dioxin 

•  Background — Ranch  Hands  with  up  to  10  ppt  lipid-adjusted  dioxin 

•  Low — Ranch  Hands  with  more  than  10  ppt  lipid-adjusted  dioxin  but  at  most  94  ppt  estimated 
initial  dioxin 

•  High — Ranch  Hands  with  more  than  10  ppt  lipid-adjusted  dioxin  and  more  than  94  ppt 
estimated  initial  dioxin. 

Statistical  analyses  based  on  this  model  were  termed  “Model  3”  in  the  assessment  of  the  clinical  areas. 
The  low  and  high  Ranch  Hand  categories,  of  approximately  equal  size,  were  determined  by  the  median 
estimated  initial  dioxin  level  (94  ppt)  of  the  Ranch  Hands  with  more  than  10  ppt  lipid-adjusted  dioxin 
(i.e.,  the  sample  used  in  Model  2).  In  this  model,  an  initial  dioxin  level  was  estimated  for  a  Ranch  Hand 
from  a  current  or  recent  lipid-weight  dioxin  measure,  the  length  of  time  between  the  time  of  duty  in  SEA 
and  the  date  of  the  blood  measurement  of  dioxin,  and  an  estimated  half-life  of  8.7  years.  From  studies 
conducted  by  the  Air  Force,  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  appeared  to  be 
related  to  the  dioxin  half-life  for  a  participant.  This  body  fat  measure  was  included  in  this  model  as  a 
covariate.  Using  this  body  fat  measure  in  Model  3  for  all  Comparisons  and  Ranch  Hands  with  dioxin 
measurements  allowed  body  fat  to  act  as  a  potential  risk  factor  as  well  as  an  adjusting  variable  to  explain 
half-life  differences. 

For  a  continuously  distributed  health  variable,  y,  for  example,  the  mean  values  of  y  within  the 
background,  low,  high,  and  low  plus  high  categories  were  contrasted  with  the  mean  values  of  y  within  the 
Comparison  category.  The  mean  value  of  y  for  the  low  plus  high  category  was  calculated  as  a  linear 
combination  of  the  low  dioxin  category  and  the  high  dioxin  category,  with  weights  based  on  the  sample 
size  in  each  of  these  categories.  Relative  frequencies  were  contrasted  for  discrete  health  variables.  Table 
7-3  shows  this  model  and  the  assumptions,  advantages,  and  disadvantages  for  the  unadjusted  analysis  of  a 
continuous  variable;  extension  to  an  adjusted  model  is  straightforward. 
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Table  7-3.  Model  3:  Assessing  Health  versus  Categorized  Dioxin  in  Ranch  Hands  and 
Comparisons 


Model  3:  y  = 

bo  +  bill  +I>2l2  +  b3l3  +b4li  +  bsBF  +  e 

where 

y 

=  health  variable 

Ii 

=  indicator  variable  for  categorized  dioxin;  Ii  =  1  if  participant  is  a  Comparison  with  a 

background  level  of  dioxin,  Ii  =  0  if  participant  is  not  a  Comparison 

h 

=  indicator  variable  for  categorized  dioxin;  I2  =  1  if  participant  is  in  background  dioxin 

category,  I2  =  0  if  participant  is  not  in  background  dioxin  category 

h 

=  indicator  variable  for  categorized  dioxin;  I3  =  1  if  participant  is  in  low  dioxin  category, 

I3  =  0  if  participant  is  not  in  low  dioxin  category 

U 

=  indicator  variable  for  categorized  dioxin;  I4  =  1  if  participant  is  in  high  dioxin  category, 

I4  =  0  if  participant  is  not  in  high  dioxin  category 

BF 

=  body  fat  at  the  time  of  blood  measurement  of  dioxin,  calculated  from  the  formula  shown 

below 

e 

-  zero  mean  error. 

Body  fat  was  calculated  from  a  metric  body  mass  index  (13);  the  formula  is 

Body  Fat  (in  percent )  =  height  (kg)  #  j  264  -  13.305. 

[Height  (m)] 

Assumptions: 

Dioxin  body  burden  has  been  eliminated  with  time. 

The  error  variance  does  not  change  with  categorized  dioxin  body  burden. 

Advantages: 

Initial  dioxin  is  probably  a  better  measure  for  determining  low  and  high  exposure  than  current 
or  recent  lipid-adjusted  dioxin  measurements. 

Less  dependent  on  the  accuracy  of  the  estimation  algorithm  for  determining  initial  dioxin  than 
Model  2. 

Disadvantages: 

Makes  no  use  of  prior  belief  that  some  Ranch  Hands  received  an  unusually  large  dioxin  dose  in 
Vietnam;  all  Ranch  Hands  with  high  dioxin  levels  are  treated  similarly. 

“Background”  Ranch  Hand  category  is  probably  a  mixture  of  exposed  and  unexposed  Ranch 
Hands.  Analysis  may  be  biased  toward  the  null  hypothesis  of  no  dioxin  effect. 

“Low”  and  “high”  Ranch  Hand  categories  are  based  on  initial  dioxin  model,  which  is  based  on 
valid  half-life  and  first-order  dioxin  elimination.  Bias  is  possible  if  model  is  incorrect.  Also,  a 
conditional  null  hypothesis  is  tested  using  these  categories  (“Is  there  a  dioxin  effect,  given  a 
specified  level  of  exposure?”). 

7. 2. 2. 5  Model  4:  Health  versus  1987  Dioxin  in  Ranch  Hands 

The  relation  between  1987  dioxin  and  health  was  assessed  using  the  model  described  in  Table  7-4.  This 
measure  of  dioxin  is  termed  “1987  dioxin”  because  most  Ranch  Hands  were  assayed  for  dioxin  initially 
at  the  1987  follow-up  examination.  This  table  also  describes  the  assumptions,  advantages,  and 
disadvantages  for  the  unadjusted  analysis  of  a  continuously  distributed  health  variable,  y. 


Ranch  Hands  with  a  dioxin  measurement  may  have  had  their  blood  collected  at  the  pilot  study  in  April 
1987,  at  the  1987  physical  examination,  at  the  1992  physical  examination,  or  at  the  1997  physical 
examination.  If  an  individual  had  measurements  at  more  than  one  of  these  points  in  time,  the 
measurement  closest  to  the  time  of  duty  in  SEA  was  used.  If  only  a  1992  serum  dioxin  measurement  was 
available,  the  level  was  extrapolated  to  the  date  of  the  1987  physical  examination.  The  model 

C1987  =  4+(Ci992-4)  •  exp(rt) 

was  used  for  extrapolation  of  lipid-adjusted  dioxin  to  1987  levels  (C W),  where  C1992  is  the  lipid-adjusted 
dioxin  level  in  1992,  4  ppt  is  considered  the  median  background  level  for  lipid-adjusted  dioxin, 
r  =  log(2)/h  is  the  elimination  rate,  h  is  the  half-life  (8.7  years),  and  t  is  the  length  of  time  between  the 
physical  examination  in  1987  and  the  physical  examination  in  1992.  This  model  was  used  only  if  the 
lipid-adjusted  dioxin  level  in  1992  was  greater  than  10  ppt;  otherwise,  the  1992  measurement  was  used. 

A  similar  strategy  was  used  for  participants  who  had  only  a  1997  serum  dioxin  measurement.  The 
estimate  of  exposure  in  Model  4  (1987  dioxin)  was  based  on  extrapolation  to  1987  for  only  39  out  of  the 
863  Ranch  Hands.  Most  measurements  were  based  on  1987  dioxin  measurements  and  extrapolation  was 
not  needed.  Consequently,  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  was  not  used  in 


Model  4,  which 

was  different  from  the  strategy  used  for  Models  2  and  3. 

Table  7-4.  Model  4:  Assessing  Health  versus  1987  Dioxin  in  Ranch  Hands:  Assumptions, 
Advantages,  and  Disadvantages 

Model  4:  y  =  bo  +  bilog2(ppt+l)  +  e 

where 

y 

ppt 

e 

=  health  variable 

=  lipid-adjusted  dioxin  =  ppq*102.6/W,  where  ppq  =  whole  weight  of  dioxin  in  the 

sample  in  femtograms  (102.6  corrects  for  the  average  density  of  serum)  and  W  =  total 
lipid  weight  of  the  sample 
=  zero  mean  error. 

Assumptions: 

Ranch  Hands  received  a  single  dioxin  dose  in  Vietnam  and  background  exposure  thereafter. 

The  error  variance  does  not  change  with  health  status  or  1987  dioxin. 

Advantages: 

Using  1987  dioxin  has  less  inherent  variation  than  initial  dioxin,  which  is  extrapolated  by  a 
first-order  elimination  model  across  a  20-  to  30-year  time  period. 

The  logarithm  (base  2)  of  (1987  dioxin  +1)  presents  the  dioxin  data  as  a  more  symmetric 
distribution  than  the  distribution  of  1987  dioxin  in  its  original  units.  In  addition,  the  relative  risk 
based  on  the  logarithm  (base  2)  of  (1987  dioxin  +  1)  is  more  meaningful  than  on  the  original 
scale  (i.e.,  a  doubling  of  1987  dioxin  +  1,  rather  than  a  1  ppt  increase  in  dioxin). 

Disadvantages: 

1987  dioxin  may  not  be  a  good  surrogate  for  exposure  if  elimination  rate  differs  among 
individuals. 

Individuals  with  measurements  in  1992  only  or  1997  only  are  extrapolated  to  1987,  and 
variation  is  increased  with  estimation  using  a  first-order  elimination  model. 
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The  relation  between  current  health  and  dioxin  was  assessed  using  a  model,  termed  ‘‘Model  4,”  with 
lipid-adjusted  1987  dioxin  as  the  estimate  of  exposure.  Model  4  used  the  logarithm  (base  2)  of  lipid- 
adjusted  1987  dioxin  and  is  described  in  Table  7-4. 

7.3  FACTORS  DETERMINING  THE  STATISTICAL  ANALYSIS  METHOD 

For  a  specified  questionnaire-based  or  clinical  measurement  determined  from  the  physical  or  laboratory 
examination,  the  selection  of  an  analytical  method  depended  on  each  of  the  following: 

•  Dependent  Variable  Form:  Continuous  or  discrete 

•  Exposure  Estimate  and  Analysis  Cohort: 

—  Model  1 :  Group — All  Ranch  Hands  and  Comparisons 

-  Model  2:  Initial  dioxin — Ranch  Hands  having  a  dioxin  body  burden  of  greater  than  10 
ppt  of  lipid-adjusted  dioxin,  based  on  1987  dioxin  levels  as  defined  in  Section  7. 2.2.5 

-  Model  3:  Categorized  dioxin — Comparisons  with  a  dioxin  body  burden  of  10  ppt  lipid- 
weight  dioxin  or  less,  based  on  1987  dioxin  levels,  and  all  Ranch  Hands  with  a  dioxin 
measurement 

-  Model  4:  1987  dioxin — All  Ranch  Hands  with  a  dioxin  measurement 

•  Analysis  Type:  Unadjusted,  adjusted,  or  longitudinal. 

Table  7-5  specifies  22  separate  analysis  situations  based  on  dependent  variable  form,  exposure  estimate, 
analysis  cohort,  and  analysis  type.  For  each  of  the  22  situations,  the  statistical  method  is  specified.  For 
example,  linear  regression  models  were  used  for  adjusted  analyses  of  initial  dioxin  for  continuous 
dependent  variables. 


Table  7-5.  Summary  of  Statistical  Analysis  Situations  by  Dependent  Variable  Form,  Exposure 
Estimate,  Analysis  Cohort,  and  Analysis  Type 


PH  '  Statistical  ’ 
Methods 

Model  1:  Group 
(Ranch  Hands  vs. 
Comparisons) 

Continuous 

All  RH  &  C  Unadjusted  Analysis  of 

Variance 

Adjusted  Analysis  of 

Covariance 

Group 

Group;  Co  variates 

Longitudinal3 

Analysis  of 
Covariance 

Group;  Age  at  the  1997  Follow-up 
Examination;  1982  Measurement 

Model  2: 
Log2(Initial) 

RH  >  1 0  ppt  lipid-  Unadj  usted 

adjusted  1987  dioxin 

Linear 

Regression 

Log2(Initial);  Body  Fat  at  the  Time 
of  the  Blood  Measurement  of  Dioxin 

Adjusted 

Linear 

Regression 

Log2(Initial);  Body  Fat  at  the  Time 
of  the  Blood  Measurement  of 

Dioxin;  Covariates 
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Table  7-5.  Summary  of  Statistical  Analysis  Situations  by  Dependent  Variable  Form, 
Exposure  Estimate ,  Analysis  Cohort,  and  Analysis  Type  (Continued) 


Exposure  Initiate;! 

1  i 

Statistical 

Longitudinal3 

Linear 

Regression 

Log2(Initial);  Body  Fat  at  the  Time 
of  the  Blood  Measurement  of 

Dioxin;  Age  at  the  1997  Follow-up 
Examination;  1982  Measurement 

Model  3: 

All  RH  with  a  dioxin 

Unadjusted 

Analysis  of 

DXCAT;  Body  Fat  at  the  Time  of 

Categorized  Dioxin 

measurement,  C  <10 

Covariance 

the  Blood  Measurement  of  Dioxin 

ppt  lipid-adjusted 

1987  dioxin 

Adjusted 

Longitudinal3 

Analysis  of 
Covariance 

Analysis  of 
Covariance 

DXCAT;  Body  Fat  at  the  Time  of 
the  Blood  Measurement  of  Dioxin; 
Covariates 

DXCAT;  Body  Fat  at  the  Time  of 
the  Blood  Measurement  of  Dioxin; 
Age  at  the  1997  Follow-up 
Examination;  1982  Measurement 

Model  4:  Log2 
(1987  Dioxin  +1) 

All  RH  with  a  dioxin 

measurement 

Unadjusted  Linear 

Regression 

Adjusted  Linear 

Regression 

Discrete 

Log2(1987  Dioxin  +1) 

Log2(1987  Dioxin  +1);  Co  variates 

Model  1:  Group 
(Ranch  Hands  vs. 
Comparisons) 

All  RH  &  C 

Unadjusted 

Adjusted 

Longitudinal5 

Chi-Square 
Contingency 
Table,  Logistic 
Regression 

Logistic 

Regression 

Logistic 

Regression 

Group 

Group;  Covariates 

Group;  Age  at  the  1997  Follow-up 
Examination 

Model  2: 

RH  >10  ppt  lipid- 

Unadjusted 

Logistic 

Log2(Initial);  Body  Fat  at  the  Time 

Log2(Initial) 

adjusted  1987  dioxin 

Adjusted 

Longitudinal5 

Regression 

Logistic 

Regression 

Logistic 

Regression 

of  the  Blood  Measurement  of  Dioxin 

Log2(InitiaI);  Body  Fat  at  the  Time 
of  the  Blood  Measurement  of 

Dioxin;  Covariates 

Log2(Initial);  Body  Fat  at  the  Time 
of  the  Blood  Measurement  of 

Dioxin;  Age  at  the  1997  Follow-up 
Examination 

Model  3: 

All  RH  with  a  dioxin  Unadjusted 

Chi-Square 

DXCAT;  Body  Fat  at  the  Time  of 

Categorized  Dioxin 

measurement,  C  <10 
ppt  lipid-adjusted 
1987  dioxin 

Adjusted 

Contingency 
Table;  Logistic 
Regression 

Logistic 

Regression 

the  Blood  Measurement  of  Dioxin 

DXCAT;  Body  Fat  at  the  Time  of 
the  Blood  Measurement  of  Dioxin; 
Covariates 
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Table  7-5.  Summary  of  Statistical  Analysis  Situations  by  Dependent  Variable  Form, 
Exposure  Estimate,  Analysis  Cohort,  and  Analysis  Type  (Continued) 


§ JAhal^isp^ype  J 

^ffStatisfcical.v  j 
^  Methods  | 

Independent  Variables 

Longitudinal5 

Logistic 

Regression 

DXCAT;  Body  Fat  at  the  Time  of 
the  Blood  Measurement  of  Dioxin; 
Age  at  the  1997  Follow-up 
Examination 

Model  4:  Log2 
(1987  Dioxin  +  1) 

All  RH  with  a  dioxin  Unadjusted 
measurement 

Logistic 

Regression 

Log2(1987  Dioxin  +  1) 

Adjusted 

Logistic 

Regression 

Log2(1987  Dioxin  +  1);  Covariates 

a  Dependent  variable  usually  paired  difference  score  of  (1997  to  1982)  dependent  variable  values.  For  some  clinical 
areas,  paired  difference  scores  were  (1997  to  1985)  differences. 

Analysis  performed  subject  to  the  constraint  that  participant  was  normal  at  the  1982  baseline  (or  1985) 
examination. 

Note:  Log2  (Initial)  =  Logarithm  (base  2)  of  estimated  initial  dioxin  level. 

Log2(1987  Dioxin  + 1)  =  Logarithm  (base  2)  of  (1987  dioxin  level  +  1). 

DXCAT  =  Categorized  dioxin  (incorporating  group  membership — three  categories  for  Ranch  Hands,  one 
category  for  Comparisons). 

RH  =  Ranch  Hand. 

C  =  Comparison. 


7.4  ANALYSIS  METHODOLOGIES 

7.4. 1  Methods  for  Analyzing  Continuous  and  Discrete  Variables 

For  analyses  of  continuous  dependent  variables,  the  general  linear  models  approach  was  used  for 
applying  such  techniques  as  simple  and  multiple  linear  regression,  analysis  of  variance,  analysis  of 
covariance,  repeated  measures  analysis,  and  survival  time  analysis.  This  approach  permitted  model 
fitting  of  the  dependent  variable  as  a  function  of  group  or  dioxin  and  specified  covariates.  Continuous 
dependent  variables  were  examined  to  ensure  that  assumptions  underlying  appropriate  statistical  methods 
were  met.  Transformations  (e.g.,  square  root,  logarithmic)  were  used  to  enhance  normality  for  specific 
continuous  health  variables.  A  further  discussion  of  general  linear  models,  as  well  as  other  methods  used 
for  the  statistical  analyses  in  this  report,  is  found  in  Table  7-6. 

For  these  continuous  analyses,  the  SAS®1  general  linear  models  analysis  (PROC  GLM)  (14)  was  used. 
After  a  model  was  fitted,  tests  of  significance  for  a  group  or  dioxin  effect  were  developed.  Associations 
with  a  p-value  less  than  or  equal  to  0.05  were  described  as  significant,  and  associations  with  a  p-value 
greater  than  0.05  but  less  than  or  equal  to  0.10  were  described  as  marginally  significant. 

The  SAS°  procedures  LIFEREG  and  LIFETEST  (14)  were  used  for  the  time  to  diabetes  onset  variable  in 
the  endocrine  clinical  assessment.  Statistical  methods  used  to  analyze  measures  of  this  type  implemented 


1  SAS  and  all  other  SAS  Institute,  Inc.,  product  and  service  names  are  registered  trademarks  or  trademarks  of  SAS  Institute,  Inc., 
in  the  USA  and  other  countries. 
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a  technique  known  as  "‘survival  time”  analysis.  A  further  discussion  of  survival  time  analysis  is  found  in 
Table  7-6. 

For  dichotomous  discrete  dependent  variables,  logistic  regression  was  performed  using  SAS®  PROC 
GENMOD  (15).  For  dependent  variables  with  more  than  two  categories,  polytomous  logistic  regression 
was  performed  using  SAS®  PROC  CATMOD  (14).  Parameter  estimation  and  model  selection  for 
polytomous  logistic  regression  and  ordinary  logistic  regression  are  similar.  Both  forms  of  regression  use 
the  maximum  likelihood  principle  to  obtain  parameter  estimates.  For  a  model  with  k  parameters  for  two 
equations,  2k  parameters  are  estimated,  k  for  each  logit  function.  If  ordinary  logistic  regression  is 
applied  twice  (for  example,  once  for  abnormal  low  versus  normal  and  then  for  abnormal  high  versus 
normal),  2k  parameters  are  estimated;  however,  ordinary  logistic  regression  maximizes  two  likelihood 
equations,  each  with  k  parameters,  while  polytomous  logistic  regression  estimates  all  2k  parameters 
simultaneously  with  one  likelihood  equation.  Polytomous  logistic  regression  also  can  be  used  for 
dependent  variables  that  have  more  than  three  levels  and  require  more  than  two  contrasts  with  a  normal 
category.  A  further  discussion  of  logistic  regression  and  polytomous  logistic  regression  is  found  in  Table 
7-6. 

A  chi-square  statistic,  adjusted  for  the  continuity  of  the  chi-square  distribution,  was  used  when  a  test  of 
the  relative  frequency  of  abnormal  measurements  between  Ranch  Hands  and  Comparisons  was 
performed,  and  the  relative  frequency  of  either  the  Ranch  Hand  or  the  Comparison  group  was  zero.  This 
test  statistic  yields  p- values  approximately  equal  to  Fisher’s  exact  test  (16)  for  a  two-sided  alternative 
hypothesis. 


Table  7-6.  Summary  of  Statistical  Procedures 

Chi-Square  Contingency  Table  Test 

The  chi-square  test  of  independence  (17)  is  calculated  for  a  contingency  table  by  the  following  formula: 

(fo-ht 

f E 

where  the  sum  is  taken  over  all  cells  of  the  contingency  table  and 
fo  =  observed  frequency  in  a  cell 

fE  =  expected  frequency  under  the  hypothesis  of  independence. 

Large  values  indicate  deviations  from  the  null  hypothesis  and  are  tested  for  significance  by  comparing  the 
calculated  %  to  the  tables  of  the  chi-square  distribution. 

For  2x2  tables,  the  chi-square  statistic  above  can  be  adjusted  for  the  continuity  of  the  %  distribution.  This  test 
statistic  yields  p- values  approximately  equal  to  Fisher’s  exact  test  (16)  for  a  two-sided  alternative  and  is  as 
follows: 

ma\(0,(\fo-fE\~ )? 

*  =£ - - - • 

J  E 
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Table  7-6.  Summary  of  Statistical  Procedures  (Continued) 


Correlation  Coefficient  (Pearson’s  Product-Moment) 

The  population  correlation  coefficient  p  (18)  measures  the  strength  of  the  linear  relation  between  two  random 
variables  X  and  Y.  A  commonly  used  sample-based  estimate  of  this  correlation  coefficient  is 

X(*i-*)(yj-y) 

where  the  sum  is  taken  over  all  (x,  y)  pairs  in  the  sample.  A  student’s  t-test  based  on  this  estimator  is  used  to  test 
for  a  significant  correlation  between  the  two  random  variables  of  interest.  For  the  sample  size  of  approximately 
2,121  in  this  study,  a  sample  correlation  coefficient  of  0.04254  is  sufficient  to  attain  a  statistically  significant 
correlation  at  a  5-percent  level  for  a  two-sided  hypothesis  test,  assuming  normality  of  X  and  Y. 

Survival  Time  Analysis 

The  survival  time  model  (19)  permits  a  dependent  variable  with  censored  observations  to  be  modeled  in  a  general 
linear  models  framework.  For  example,  if  the  time  to  diabetes  onset  is  defined  as  an  event,  the  time  for 
participants  for  which  this  event  has  not  occurred  is  right-censored.  The  survival  time  model  is 

y  =  X8  +  oe 

where 

y  =  vector  of  responses  (e.g.,  time  to  diabetes  onset),  usually  the  logarithm  of  the  survival  times 

X  =  matrix  of  covariates,  or  risk  factors  (e.g.,  group  status  and  age) 

6  =  vector  of  unknown  regression  parameters 

a  =  unknown  scale  parameter 

£  =  vector  of  errors  assumed  to  have  a  known  distribution. 

For  a  model  with  a  dependent  variable  containing  right-censored  data,  the  log  likelihood  function  is  a 
combination  of  a  probability  density  function  for  noncensored  values  and  a  survival  distribution  function  for 
right-censored  values.  The  model  parameters  can  be  estimated  by  maximum  likelihood  in  SAS®  PROC 
LIFEREG,  using  a  Newton-Raphson  algorithm,  where  the  distribution  of  the  random  error  term  can  be  specified. 
The  distributional  assumptions  regarding  the  error  term  can  be  tested  by  examining  plots  of  the  Kaplan-Meier 
survival  functions  using  SAS®  PROC  LIFETEST. 

PROC  LIFEREG  provides  estimates,  standard  errors,  and  p- values  associated  with  a  chi-square  test  on  each 
parameter  (i.e.,  risk  factor)  in  the  model.  These  are  used  to  test  the  significance  of  the  group  or  dioxin  term  in  the 
unadjusted  and  adjusted  models.  In  this  procedure,  percentile  estimates  also  can  be  produced  for  each  group  or 
each  dioxin  category  in  the  unadjusted  model.  The  percentile  estimates  are  used  to  determine  parameter  estimates 
from  the  Weibull  distribution.  The  Weibull  distribution  parameter  estimates  are  then  used  in  an  iterative 
nonlinear  estimation  procedure  (SAS®  PROC  NLIN  [14])  to  produce  estimated  means  from  a  censored  Weibull 
distribution.  The  loss  function  that  is  minimized  in  the  estimation  procedure  is 

Loss  =  Aog[x*(-^*yp'1»e'{i>P)  +  (I-x)»(l-e'<0)P)] 

op 

where  x  =  1  if  diabetic 

x  =  0  if  not  diabetic 
and  y  =  time  to  onset  of  diabetes. 
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Table  7-6.  Summary  of  Statistical  Procedures  (Continued) 


General  Linear  Models  Analysis 

The  form  of  the  general  linear  model  (18)  for  two  independent  variables  is 


where 

Y 


a 

X,,X2 


(3i,  p2 


e 


Y  =  a+  PiX,  +  ($2X2  +  e 

dependent  variable  (continuous) 

level  of  Y  at  Xi  =  0  and  X2  =  0  (i.e.,  the  intercept) 

measured  value  of  the  first  and  second  independent  variables,  respectively,  which  may  be 
continuous  or  discrete  (e.g.,  group  status  and  age) 

coefficient  indicating  linear  association  between  Y  and  Xj,  Y  and  X2,  respectively;  each 
coefficient  reflects  the  effect  on  the  model  of  the  corresponding  independent  variable 
adjusted  for  the  effect  of  the  other  independent  variable 
error  term. 


This  model  assumes  that  the  error  terms  are  independent  and  normally  distributed  with  a  mean  of  0  and  a  constant 
variance.  Extension  to  more  than  two  independent  variables  is  immediate.  Simple  linear  regression,  multiple 
linear  regression,  analysis  of  variance,  analysis  of  covariance,  and  repeated  measures  analysis  of  variance  are  all 
examples  of  general  linear  models  analysis. 

Logistic  Regression  Analysis 

The  logistic  regression  model  (20)  enables  a  dichotomous  dependent  variable  to  be  modeled  in  a  regression 
framework  with  continuous  and  discrete  independent  variables.  For  two  risk  factors,  such  as  dioxin  and  age,  the 
logistic  regression  model  is 

logit  P  =  a  +  P1X1  +  p2X2  +  e 

where 

P  =  probability  of  disease  for  an  individual  with  risk  factors  Xj  and  X2 

logit  P  =  In  (P/(l-P))  (i.e.,  the  log  odds  for  disease) 

X,  =  first  risk  factor  (e.g.,  dioxin) 

X2  =  second  risk  factor  (e.g.,  age). 


The  parameters  are  interpreted  as  follows: 


a 

Pi 

P2 

£ 


log  odds  for  the  disease  when  Xi  =  0  and  X2  =  0 
coefficient  indicating  the  dioxin  effect  adjusted  for  age 
coefficient  indicating  the  age  effect  adjusted  for  dioxin 
error  term. 


For  a  dichotomous  measure,  the  term  exp(pi)  equals  the  adjusted  odds  ratio  of  abnormal  versus  normal  for  Ranch 
Hands  (Xi  =1)  compared  to  Comparisons  (Xi  =  0).  If  the  probability  of  being  abnormal  is  small  compared  to 
being  normal  for  both  the  Ranch  Hand  and  Comparison  groups,  the  odds  ratio  is  approximately  equal  to  the 
relative  risk  of  being  abnormal  between  the  two  groups.  If  Xj  is  a  continuous  covariate,  exp(pi)  represents  the 
adjusted  odds  ratio  of  outcome  1  versus  outcome  0  for  a  unit  increase  in  Xi.  If  the  risk  factor  is  expressed  in 
logarithmic  (base  2)  form,  exp(pi)  reflects  the  adjusted  odds  ratio  for  a  twofold  increase  in  the  risk  factor. 
Throughout  this  report  and  previous  reports,  the  adjusted  odds  ratio  was  referred  to  as  an  adjusted  relative  risk. 
Correspondingly,  in  the  absence  of  covariates  (i.e.,  unadjusted  analysis),  the  unadjusted  odds  ratio  was  referred  to 
as  an  estimated  relative  risk. 


This  technique  also  was  used  for  longitudinal  analyses  of  dichotomous  dependent  variables  to  examine  changes  in 
health  status  between  1982  (or  1985)  and  1997  in  relation  to  the  dioxin  measures. 
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Table  7-6.  Summary  of  Statistical  Procedures  (Continued) 


Polytomous  Logistic  Regression  Analysis 

Polytomous  logistic  regression  (20,  21)  allows  a  categorical  dependent  variable  with  more  than  two  outcomes  to 
be  modeled  in  a  regression  environment  with  continuous  and  discrete  independent  variables.  For  polytomous 
logistic  regression,  the  model  equation  depends  on  the  scale  of  the  dependent  variable.  This  discussion  focuses 
on  nominal  scaled  dependent  variables. 

Suppose  Y  is  a  nominal  scaled  dependent  variable  with  three  outcomes  labeled  0,  1,  or  2  (normal,  low,  or  high). 
Polytomous  logistic  regression  models  two  logit  functions,  one  for  Y  =  1  versus  Y  =  0  and  the  other  for  Y  =  2 
versus  Y  =  0.  The  zero  outcome  for  Y  is  called  the  reference  category.  To  model  Y  with  two  covariates  such  as 
group  status  and  age,  the  polytomous  regression  model  would  be 


logit  Pi  =  ai  +  PkdXi  +  pi(2)X2  +  £i 


logit  P2  =  0C2  +  p2(I)Xl  +  p2(2)X2  +  £2 


where 

Pi 

probability  that  Y  =  i  (outcome  i)  with  covariates  Xj  and  X2,  i  =  0,  1,2 

logit  Pj  = 

In  (Pi/Po)  (i.e.,  the  log  odds  of  outcome  i  versus  outcome  0,  i  =  1,  2) 

X! 

first  effect  (e.g.,  group  status) 

x2 

second  effect  (e.g.,  age). 

The  parameters  are  interpreted  as  follows: 


ai 

Pi(D 

Pi(2) 

£i 


log  odds  of  outcome  i  versus  outcome  0  when  Xi  =  0  and  X2  =  0,  i  =  1,  2 
coefficient  indicating  the  group  status  effect  on  the  logit  Pi,  adjusted  for  age;  i  =  1,  2 
coefficient  indicating  the  age  effect  on  the  logit  Pi,  adjusted  for  group  status;  i  =  1,  2 
error  term  for  logit  Pi,  i  =  1,2. 


This  model  assumes  independent  multinomial  sampling. 


Because  the  interpretation  of  each  logistic  modeling  function  is  similar,  consider  the  logit  Pi  and  suppose  Xi  is  a 
binary  covariate  (Xi  =  1  for  Ranch  Hands  or  Xi  =  0  for  Comparisons).  The  term  exp(pi(i>)  equals  the  adjusted 
odds  ratio  of  low  versus  normal  for  Ranch  Hands  (Xi  =  1)  compared  to  Comparisons  (Xi  =  0).  If  the  probability 
of  being  low  is  small  compared  to  being  normal  for  both  the  Ranch  Hand  and  Comparison  groups,  the  odds  ratio 
of  low  versus  normal  is  approximately  equal  to  the  relative  risk  of  being  low  between  the  two  groups.  If  Xi  is  a 
continuous  covariate,  exp(pi(i))  represents  the  adjusted  odds  ratio  of  outcome  1  versus  outcome  0  for  a  unit 
increase  in  Xi. 


The  abnormal  and  normal  categorizations  for  many  of  the  discrete  analyses  were  defined  by  categorizing 
laboratory  and  physical  examination  measures  according  to  laboratory  and  clinic  reference  values. 
Outpoints  for  the  dependent  variables  erythrocyte  sedimentation  rate,  cholesterol,  and  total  testosterone 
were  age-dependent.  Consequently,  normal  and  abnormal  levels  were  constructed  according  to  a 
participant’s  laboratory  value  and  age  at  the  physical  examination. 
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7.4.2  Modeling  Strategy 

In  general,  based  on  one  of  the  adjusted  analysis  models  described  in  Table  7-5,  a  model  for  dependent 
variables  was  based  on  the  exposure  effect  (group  or  dioxin)  and  medically  relevant  covariates,  as 
identified  in  Chapters  9  through  18  for  each  clinical  category.  As  described  previously,  body  fat  at  the 
time  of  the  blood  measurement  of  dioxin  was  included  in  Models  2  and  3. 

The  general  modeling  strategy  did  not  remove  any  co variates  from  the  model;  however,  the  modeling 
strategy  for  the  adjusted  analysis  of  dependent  variables  in  certain  clinical  areas  was  modified  as 
necessary  because  of  the  large  number  of  covariates  or  sparse  number  of  participants  with  abnormal 
measurements.  Stepwise  elimination  of  covariates  was  conducted  to  allow  for  proper  estimation  of 
model  parameters.  When  this  strategy  of  removing  covariates  was  necessary,  the  covariates  removed 
from  (or  retained  in)  a  model  for  a  given  health  endpoint  and  model  were  specified  in  footnotes  to  the 
tables. 

7.4.3  Longitudinal  Analysis 

Selected  longitudinal  analyses  were  performed  to  investigate  changes  in  health  status  between  1982  and 
1997  for  Models  1, 2,  and  3  as  a  function  of  dioxin  exposure.  Model  4  was  not  examined  in  longitudinal 
analyses  because  lipid-adjusted  dioxin,  the  estimate  of  exposure  in  this  model,  changes  over  time  and 
was  not  available  for  all  participants  in  1982  or  1997.  All  three  models  were  adjusted  for  age  at  the  time 
of  the  1997  follow-up  physical  examination.  Age  was  a  well-known  risk  factor  for  nearly  all  clinical 
areas,  and  although  Ranch  Hands  and  Comparisons  were  matched  on  age,  the  estimates  of  dioxin 
exposure  in  Models  2  and  3  were  not. 

In  the  longitudinal  analysis  of  discrete  variables,  only  those  participants  whose  health  was  classified  as 
normal  in  1982  were  included  in  the  analysis  of  the  participants’  health  at  the  1997  follow-up 
examination.  Participants  classified  as  “abnormal”  in  1982  were  excluded  because  the  focus  of  the 
analysis  was  to  investigate  the  temporal  effects  of  dioxin  exposure  between  1982  and  1997.  Participants 
classified  as  “abnormal”  in  1982  were  already  abnormal  before  this  period;  consequently,  only 
participants  classified  as  “normal”  at  the  1982  examination  were  considered  to  be  at  risk  when  the  effects 
of  dioxin  over  time  were  explored.  The  rate  of  abnormalities  under  this  restriction  approximated  the 
cumulative  incidence  rate  between  1982  and  1997  (22). 

The  dependent  variable  in  this  type  of  analysis  was  the  health  of  participants  at  the  1997  examination 
whose  health  was  normal  in  1982.  The  independent  variables  were  the  appropriate  exposure  estimate 
and  age  at  the  time  of  the  1997  follow-up  physical  examination.  The  analyses  of  Models  2  and  3  also 
were  adjusted  for  body  fat  at  the  time  of  the  blood  measurement  of  dioxin.  Tabular  displays  of  the 
longitudinal  analysis  results  of  discrete  dependent  variables  include  summary  statistics  for  1982  and 
1997,  as  well  as  1985,  1987,  and  1992  summaries,  if  available.  The  results  of  the  statistical  analysis 
restricted  to  those  participants  who  were  normal  in  1982  also  were  provided. 
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In  the  longitudinal  analysis  of  continuous  variables,  a  general  linear  model  approach,  as  explained  in 
Table  7-6,  was  used.  The  dependent  variable  was  the  difference  between  the  1997  measurement  and  the 
1982  measurement.  This  difference,  measuring  the  change  in  the  endpoint  over  this  period  of  time,  was 
modeled  as  a  function  of  the  estimate  of  exposure  (group  or  dioxin),  the  participant’s  age  at  the  time  of 
the  1997  follow-up  physical  examination,  and  the  1982  measurement  of  the  continuous  dependent 
variable.  The  analyses  of  Models  2  and  3  also  were  adjusted  for  body  fat  at  the  time  of  the  blood 
measurement  of  dioxin.  The  reasons  for  using  the  health  endpoint  measurement  in  1982  for  longitudinal 
analysis  of  continuous  variables  were  as  follows: 

•  A  linear  relation  between  measurements  of  the  dependent  variable  in  1982  and  1997  because 
of  a  difference  in  measuring  devices  was  accounted  for  by  using  the  1982  measurement  as  an 
independent  variable. 

•  The  difference  between  two  measurements  taken  over  a  period  of  time  was  generally 
correlated  with  the  first  measurement  (23). 

•  The  relation  between  the  difference  of  the  1997  and  1982  measurements  and  the  estimate  of 
exposure  may  be  confounded  with  the  1982  measurement,  especially  if  the  endpoint  and  the 
estimate  of  exposure  were  related. 

Tabular  displays  of  the  results  of  longitudinal  analysis  of  continuous  dependent  variables  include 
summary  statistics  for  1982  and  1997,  as  well  as  1985,  1987,  and  1992  summaries,  if  available.  Results 
of  the  statistical  analysis  relating  the  difference  in  the  1997  and  1982  measurements  to  the  estimate  of 
exposure  also  were  provided.  For  some  variables,  1985  clinical  measurements  were  substituted  for  1982 
measurements  because  the  variable  was  not  analyzed  at  the  1982  examination  or  was  inherently  different 
from  the  1997  variable  due  to  differing  clinical  methods. 

7.5  INTERPRETIVE  CONSIDERATIONS 

Several  specific  issues  to  consider  when  interpreting  the  results  found  in  this  report  are  discussed  in  this 
section.  The  issues  discussed  here  include  adjustments  for  covariates,  multiple  testing,  trends  in  the 
results  of  endpoints  within  a  clinical  area,  the  proportion  of  variation  explained  by  the  model  (R2), 
interpretation  of  discrete  and  continuous  analyses  of  a  health  endpoint,  and  statistical  power  to  detect  the 
effects  of  dioxin. 

7.5.1  Adjustments  for  Covariates 

In  contrasts  between  all  Ranch  Hands  and  all  Comparisons  (Model  1),  the  matching  variables  age,  race, 
and  occupation  were  effectively  eliminated  as  confounders.  The  initial  and  1987  dioxin  analyses  within 
Ranch  Hands  (Models  2  and  4)  and  the  categorized  dioxin  analysis  within  Ranch  Hands  and 
Comparisons  (Model  3)  did  not  benefit  from  the  matched  design.  For  example,  military  occupation  was 
a  strong  confounder  because  it  is  highly  correlated  with  dioxin  levels  in  Ranch  Hands  and  is  related  to 
some  health  variables  through  socioeconomic  differences  between  officers  and  enlisted  personnel. 
Education  was  highly  associated  with  military  occupation  and  certain  psychometric  results. 

Consequently,  with  the  exception  of  a  few  analyses  where  the  prevalence  or  history  of  abnormal  results 
was  sparse,  all  health  endpoints  were  analyzed  with  and  without  adjustment  for  clinically  relevant 
covariates. 
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7.5.2  Multiple  Testing 

Numerous  dependent  variables  were  considered  because  of  the  lack  of  a  predefined  medical  endpoint. 
Each  dependent  variable  was  analyzed  in  many  different  ways  to  accommodate  covariate  information  and 
different  statistical  models.  Under  the  hypothesis  of  no  relation  between  physical  health  and  dioxin, 
approximately  5  percent  of  the  many  statistical  tests  (group  or  dioxin  effects)  in  this  report  detected  an 
association  between  group  or  dioxin  and  health  (p-values  <0.05).  Observing  significant  results  because 
of  multiple  testing,  even  when  there  is  no  relation  between  dioxin  and  health,  is  known  as  the  multiple- 
comparisons  problem  (24)  and  is  common  in  all  large  studies  with  multiple  endpoints.  It  is  generally 
difficult  to  distinguish  between  those  statistically  significant  results  that  arise  because  of  the  multiple 
testing  artifact  and  those  that  may  be  due  to  an  actual  dioxin  effect.  In  order  to  weigh  and  interpret  the 
findings,  the  strength  of  the  association,  consistency,  dose-response  patterns,  and  biologic  plausibility 
were  considered. 

7.5.3  Trends 

Assessing  consistent  and  meaningful  trends  is  essential  when  interpreting  any  comprehensive  study  with 
multiple  endpoints,  clinical  areas,  and  covariates;  however,  caution  must  be  used.  Increased  numbers  of 
abnormalities  or  mean  values  with  increased  dioxin  levels  across  medically  related  variables  within  a 
clinical  area  might  indicate  a  group  or  dioxin  effect.  There  may,  however,  be  a  moderate-to-strong 
correlation  between  these  endpoints,  where  a  change  in  one  variable  leads  directly  to  a  change  in  the 
other.  Hence,  the  strength  of  the  trends  also  was  considered  when  assessing  the  suspected  association. 

7.5.4  Interpretation  of  the  Coefficient  of  Determination 

The  coefficient  of  determination  (R2)  measures  the  proportionate  reduction  of  the  total  variation  in  a 
continuously  distributed  health  variable,  y,  associated  with  the  set  of  independent  variables  in  a  linear 
regression.  A  large  value  of  R2  does  not  necessarily  imply  that  the  fitted  model  is  a  useful  one.  Large 
values  of  R  would  occur,  for  example,  if  y  is  regressed  on  an  independent  variable  with  only  a  few 
observed  values.  On  the  other  hand,  small  values  of  R2  are  generally  seen  in  observational  studies 
because  little  or  no  control  has  been  applied  in  the  assignment  of  the  values  of  the  “treatment”  (dioxin)  or 
the  conditions  under  which  the  “treatment”  has  been  applied.  In  this  study,  the  dioxin  measurements 
were  taken  many  years  after  exposure  and  are  subject  to  some  measurement  error.  Thus,  in  most 
analyses,  the  values  of  R2  were  small. 

7.5.5  Clinical  Interpretation  of  Discrete  versus  Continuous  Data 

Small  but  significant  mean  differences  in  a  continuously  measured  health  variable  (e.g.,  alkaline 
phosphatase)  between  exposed  and  unexposed  groups  when  there  are  no  corresponding  differences  in  the 
percentage  of  abnormal  tests  are  difficult  to  interpret  in  any  study.  In  this  study,  significant  differences 
in  the  means  between  exposed  and  unexposed  groups  sometimes  are  observed  without  a  corresponding 
difference  between  the  groups  in  the  percentage  of  participants  with  an  abnormal  measurement.  Such 
contrasting  situations  may  be  interpreted  as  spurious  outcomes  of  no  clinical  consequence,  or  as  a 
subclinical  dioxin  effect.  Significant  trends  in  the  mean  with  increasing  levels  of  dioxin  were  interpreted 
as  a  dioxin-related  effect  if  a  corresponding  trend  was  seen  in  the  proportion  above  or  below  the  normal 
range  or  if  the  trend  was  consistent  with  other  findings. 
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7.5.6  Power 


A  type  I  error  is  making  a  false  conclusion  that  an  association  (group  or  dioxin  effect)  exists  when  there 
is  no  association.  The  other  possible  inference  error,  a  type  II  error,  is  the  failure  to  detect  an  association 
when  one  actually  exists.  The  power  of  a  statistical  test  is  1  minus  the  probability  of  a  type  31  error.  The 
power  of  the  test  is  the  probability  that  the  test  will  reject  the  hypothesis  of  no  group  or  dioxin  effect 
when  an  effect  does  in  fact  exist. 

The  fixed  size  of  the  Ranch  Hand  cohort  limits  the  ability  of  this  study  to  detect  some  group  or  dioxin 
associations  if  they  exist.  This  limitation  is  most  obvious  for  specific  types  of  cancer,  such  as  soft  tissue 
sarcoma  (STS)  and  non-Hodgkin’s  lymphoma  (NHL).  These  conditions  are  so  uncommon  that  fewer 
than  two  cases  are  expected  in  this  study,  indicating  that  there  is  virtually  no  statistical  power  to  detect 
low-to-moderate  associations  between  dioxin  and  cancer.  In  an  attempt  to  overcome  the  lack  of  power  to 
detect  group  differences  for  specific  types  of  systemic  cancer,  for  example,  all  types  of  systemic  cancer 
were  combined  into  a  single  variable.  It  is  still  possible,  however,  that  an  increased  risk  could  exist  for  a 
particularly  rare  type  of  cancer,  allowing  that  increased  risk  to  be  missed  in  this  study. 

Table  7-7  and  Appendix  Tables  E-l  through  E-3  contain  the  approximate  power  at  a  significance  level  of 
0.05  to  detect  specified  relative  risks  for  a  given  prevalence  rate  of  a  discrete  dependent  variable.  Table 
7-7  presents  power  calculations  for  Model  1  (group),  and  Appendix  Tables  E-l  through  E-3  present 
power  calculations  for  Model  2  (initial  dioxin),  Model  3  (categorized  dioxin — low  plus  high  Ranch  Hand 
versus  Comparison  contrast),  and  Model  4  (lipid-adjusted  1987  dioxin).  Power  calculations  were 
performed  using  the  logarithm  (base  2)  of  dioxin  in  Models  2  and  4,  and  consequently,  the  relative  risk  is 
for  a  twofold  increase  in  dioxin.  The  power  of  a  test  for  a  discrete  variable  depends  on  the  significance 
level,  actual  relative  risk,  prevalence  of  the  condition,  and  the  Ranch  Hand  and  Comparison  sample  sizes 
(for  Models  1  and  3)  or  the  distribution  of  the  dioxin  data  (for  Models  2  and  4). 

As  an  example,  using  age-adjusted  incidence  rates  for  all  U.S.  males  (based  on  data  from  the 
Surveillance  Epidemiology  and  End  Results  program  of  the  National  Cancer  Institute),  prevalence  rates 
for  all  cancers,  NHL,  and  STS  were  estimated  as  0.07,  0.002,  and  0.001,  respectively.  Thus,  Table  7-7 
shows  a  power  less  than  0.21  to  detect  a  relative  risk  of  2.0  for  the  estimated  prevalences  of  NHL  and 
STS.  For  a  disease  with  a  prevalence  of  0.05,  the  power  to  detect  a  relative  risk  of  1.5  would  be  0.54. 


Table  7-7.  Approximate  Power  To  Detect  a  Group  Effect  at  a  5-Percent  Level  of  Significance 
(Discrete  Dependent  Variable) 
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Table  7-8  and  Appendix  Tables  E-4  through  E-6  provide  the  same  information  on  power  as  Table  7-7  and 
Appendix  Tables  E-l  through  E-3  for  a  continuous  dependent  variable  at  a  significance  level  of  0.05. 

The  power  calculations  are  defined  in  terms  of  the  coefficient  of  variation  (100  times  the  standard 
deviation  of  the  dependent  variable  divided  by  the  mean  of  the  dependent  variable)  and  the  proportion 
mean  change.  The  coefficient  of  variation  relates  the  spread  of  the  data  relative  to  the  magnitude  of  the 
data.  In  general,  the  power  of  a  test  is  greater  when  the  coefficient  of  variation  is  smaller.  Table  7-8 
presents  power  calculations  for  Model  1  (group),  and  Appendix  Tables  E-4  through  E-6  present  power 
calculations  for  Model  2  (initial  dioxin),  Model  3  (categorized  dioxin — low  plus  high  Ranch  Hand  versus 
Comparison  contrast)  and  Model  4  (lipid-adjusted  1987  dioxin).  Power  calculations  were  performed 
using  the  logarithm  (base  2)  of  dioxin  in  Models  2  and  4,  and  consequently,  the  relative  risk  is  for  a 
twofold  increase  in  dioxin.  The  power  of  a  test  for  a  continuous  variable  depends  on  the  significance 
level,  actual  difference  in  the  true  dependent  variable  means  or  slope  of  the  dioxin  coefficient,  variation 
in  the  dependent  variable  data,  sample  size,  and  the  distribution  of  the  dioxin  data  if  dioxin  is  the 
exposure  estimate. 

The  proportion  mean  change  in  Table  7-8  and  Appendix  Table  E-5  is  defined  as  the  difference  in  the  true 
Ranch  Hand  and  Comparison  means,  relative  to  the  combined  average  of  the  two  groups,  assuming  no 
transformation  of  the  dependent  variable.  The  proportion  mean  change  in  Appendix  Tables  E-4  and  E-6 
is  defined  as  the  change  in  the  expected  value  (mean)  of  the  dependent  variable  for  a  twofold  increase  in 
initial  dioxin,  relative  to  the  dependent  variable  mean.  The  proportion  mean  change  in  Appendix  Tables 
E-4  and  E-6  corresponds  mathematically  to  the  slope  of  initial  or  1987  dioxin  divided  by  the  dependent 
variable  mean,  assuming  no  transformation  of  the  dependent  variable.  Analogous  quantities  can  be 
derived  based  on  transformed  statistics.  As  an  example,  white  blood  cell  count  (on  the  natural  logarithm 
scale)  for  all  participants  has  a  coefficient  of  variation  of  approximately  15  percent.  With  this  coefficient 
of  variation,  for  the  870  Ranch  Hands  and  1,251  Comparisons  in  Model  1,  the  power  is  approximately 
0.86  for  detecting  a  2-percent  increase  in  the  mean  white  blood  cell  count  of  Ranch  Hands  relative  to  the 
mean  white  blood  cell  count  of  Comparisons  (mean  change  =  0.02). 


Table  7-8.  Approximate  Power  To  Detect  a  Group  Effect  at  a  5-Percent  Level  of  Significance 
(Continuous  Dependent  Variable) 
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In  summary,  this  study  has  good  power  to  detect  relative  risks  of  2.0  or  more  with  respect  to  diseases, 
such  as  heart  disease  and  basal  cell  carcinoma,  occurring  at  a  prevalence  of  at  least  5  percent  in 
unexposed  populations.  In  addition,  the  study  size  is  sufficient  to  detect  small  mean  shifts  in  the 
continuously  distributed  variables.  The  detection  of  significant  mean  shifts  without  a  corresponding 
indication  of  increased  Ranch  Hand  abnormalities  or  disease  may  be  an  artifact  of  multiple  testing,  could 
represent  a  subclinical  effect,  or  could  be  of  little  or  no  medical  importance. 


7.6  EXPLANATION  OF  TABLES 

This  section  explains  the  contents  of  the  tables  used  to  report  the  results  of  the  analyses  for  continuous 
and  discrete  dependent  variables  (two  levels  and  more  than  two  levels).  Selected  tables  from  the  General 
Health  Assessment  (Chapter  9)  and  the  Hematology  Assessment  (Chapter  15)  will  be  referenced 
throughout  this  discussion.  The  contents  of  each  table  depend  on  the  form  of  the  health  status  endpoint 
(i.e.,  whether  the  dependent  variable  under  analysis  is  a  continuous  or  discrete  variable).  A  discussion  of 
the  contents  of  exposure  analysis  tables  is  discussed  first,  followed  by  an  explanation  of  the  longitudinal 
analysis  tables. 

7.6.1  Exposure  Analysis 

The  results  of  the  exposure  analysis  are  displayed  in  subpanels  within  each  table  as  specified  in  Table 
7-9.  The  specification  of  the  subpanels  is  applicable  whether  the  dependent  variable  is  continuous  or 
discrete. 


Table  7-9.  Location  of  Table  Results  from  Different  Exposure  Analysis  Models 

Model  Exposure  Estimate 

Subpanel  in  Table 

11 

1  Group3 

a 

Unadjusted 

b 

Adjusted 

2  Initial  Dioxinb 

c 

Unadjusted 

d 

Adjusted 

3  Categorized  Dioxin3 

e 

Unadjusted 

f 

Adjusted 

4  1987  Dioxin” 

g 

Unadjusted 

h 

Adjusted 

3  Ranch  Hands  and  Comparisons. 
b  Ranch  Hands  only. 

7.6. 1.1  Continuous  Variables 

Table  9-8  in  the  General  Health  Assessment  chapter  presents  an  example  of  the  results  of  the  analysis 
when  the  dependent  variable  was  continuous.  Subpanels  (a)  and  (b)  show  the  results  of  unadjusted  and 
adjusted  Model  1  analyses  that  compared  the  Ranch  Hand  and  Comparison  means  of  a  dependent 
variable.  Contrasts  between  Ranch  Hands  and  Comparisons  also  are  presented  within  each  occupational 
category  (i.e.,  officer,  enlisted  flyer,  and  enlisted  groundcrew). 
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For  the  unadjusted  analysis  in  subpanel  (a),  a  sample  size  (n)  and  a  mean  are  presented  for  all 
occupational  categories  combined  and  separately  for  each  occupational  category.  If  the  dependent 
variable  was  transformed  for  the  analysis,  the  means  of  the  transformed  values  were  converted  to  the 
original  scale  and  the  column  heading  is  footnoted.  For  each  contrast  of  Ranch  Hands  versus 
Comparisons,  the  difference  of  means  on  the  original  scale  and  the  associated  95-percent  confidence 
interval  are  reported.  The  95-percent  confidence  interval  was  constructed  by  adding  and  subtracting  1.96 
multiplied  by  the  standard  error  (for  the  upper  and  lower  bounds,  respectively)  to  the  estimated  mean.  If 
the  analysis  was  performed  on  a  transformed  scale,  the  95-percent  confidence  interval  on  the  differences 
of  means  is  not  presented  and  the  column  is  footnoted.  When  presenting  results  from  analyses  of  means 
based  on  log-transformed  (or  square  root-transformed)  data,  means  were  converted  back  to  original  units. 
Conversion  of  the  standard  deviation  from  log  units  to  original  units  is  not  recommended  (25);  therefore, 
confidence  intervals  for  mean  differences  in  original  units  are  not  presented.  A  p-value  also  is  reported 
to  determine  whether  a  difference  in  means  on  the  scale  used  for  analysis  for  a  specified  contrast  was 
equal  to  zero.  The  confidence  interval  and  p-value  for  each  occupational  category  were  determined  using 
analysis  of  variance  techniques  from  a  group-by-occupation  interaction  in  the  model.  The  group-by¬ 
occupation  interaction  was  used  to  determine  the  model  coefficients  and  standard  errors  simultaneously 
for  officers,  enlisted  flyers,  and  enlisted  groundcrew.  The  respective  coefficients  and  standard  errors 
from  the  group  and  group-by-interaction  terms  in  the  model,  along  with  the  covariances  between  the 
estimates,  were  combined  as  appropriate  to  construct  the  confidence  intervals  and  p-values  for  the  three 
occupational  strata. 

For  an  adjusted  Model  1  analysis,  subpanel  (b)  includes  a  sample  size,  an  adjusted  mean,  a  difference  of 
Ranch  Hand  and  Comparison  adjusted  means  on  the  original  scale,  the  associated  95-percent  confidence 
interval  (if  the  analysis  was  performed  on  the  original  scale),  and  a  p-value  for  each  contrast.  Sample 
sizes  for  corresponding  panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing 
covariate  information.  The  confidence  interval  and  p-value  for  each  occupational  category  were 
determined  using  analysis  of  covariance  techniques  from  a  group-by-occupation  interaction  in  the  model. 

Subpanel  (c)  of  Table  9-8  reports  summary  statistics  from  the  analysis  that  assessed  the  association 
between  the  continuous  dependent  variable  and  initial  dioxin  (Model  2)  without  adjusting  for  covariate 
information.  The  sample  size  and  mean  of  the  dependent  variable  (transformed  to  the  original  units,  if 
necessary)  are  presented  for  low,  medium,  and  high  categories  of  initial  dioxin.  The  low,  medium,  and 
high  categories  were  determined  by  dividing  all  Ranch  Hands  with  initial  dioxin  estimates  into  three 
approximately  equal-sized  categories  based  on  their  initial  dioxin  estimate.  The  numerical  values 
defining  these  categories  are  specified  in  a  table  subpanel  footnote.  Means  of  the  dependent  variable, 
adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin,  also  are  presented  for  the 
low,  medium,  and  high  categories  of  initial  dioxin.  Based  on  a  linear  regression  analysis,  adjusted  for 
percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin,  the  coefficient  of  determination  (R2),  the 
estimated  slope,  and  its  associated  standard  error  are  reported.  If  the  dependent  variable  was  transformed 
for  the  regression  analysis,  the  transformation  is  identified  in  the  footnote.  The  p-value  associated  with 
testing  whether  the  slope  was  equal  to  zero  also  is  presented.  The  summary  statistics  that  are  reported 
were  based  on  initial  dioxin  divided  into  three  categories,  whereas  the  R2 ,  slope,  standard  error,  and 
p-value  were  based  on  log2  (initial  dioxin)  in  its  continuous  form. 

Based  on  analyses  that  incorporate  covariate  information,  subpanel  (d)  reports  summary  statistics  from 
the  analysis  that  assessed  the  association  between  the  continuous  dependent  variable  and  initial  dioxin 
(Model  2).  Similar  to  the  unadjusted  analysis,  a  sample  size  and  adjusted  mean  of  the  dependent  variable 
(transformed  to  the  original  units,  if  necessary)  are  presented  for  low,  medium,  and  high  categories  of 
initial  dioxin.  The  numerical  values  defining  these  categories  are  specified  in  a  table  subpanel  footnote. 
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Sample  sizes  for  corresponding  panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing 
covariate  information.  Based  on  the  multiple  linear  regression  of  the  dependent  variable  on  log2  (initial 
dioxin)  and  covariate  effects,  including  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin, 
the  coefficient  of  determination  (R2),  the  adjusted  slope  for  log2  (initial  dioxin),  and  its  associated 
standard  error  are  reported.  If  the  dependent  variable  was  transformed  for  the  regression  analysis,  the 
adjusted  means,  adjusted  slope,  and  standard  error  are  footnoted  and  the  transformation  is  identified  in 
the  footnote.  The  p-value  for  testing  whether  the  slope  was  equal  to  zero  also  is  presented. 

Subpanels  (e)  and  (f)  of  Table  9-8  show  the  results  of  unadjusted  and  adjusted  Model  3  analyses  that 
contrasted  the  means  of  a  continuous  dependent  variable  for  Ranch  Hands  with  background,  low,  high, 
and  low  plus  high  dioxin  levels  with  Comparisons  having  lipid-adjusted  dioxin  levels  less  than  or  equal 
to  10  ppt.  The  low  and  high  Ranch  Hand  categories  were  determined  by  dividing  all  Ranch  Hands  with 
lipid-adjusted  dioxin  estimates  greater  than  10  ppt  into  two  approximately  equal-sized  categories  based 
on  their  initial  dioxin  estimate.  The  low  plus  high  Ranch  Hand  category  is  a  combination  of  the  low  and 
high  categories.  The  note  at  the  bottom  of  the  table  subpanels  defines  the  dioxin  categories.  The  mean 
for  the  low  plus  high  category  is  a  weighted  average  (transformed  to  the  original  units,  if  necessary)  of 
the  low  Ranch  Hand  and  high  Ranch  Hand  categories’  means  on  the  scale  used  for  transformation,  where 
the  weights  were  based  on  the  low  and  high  Ranch  Hand  categories’  sample  sizes.  Sample  sizes  for 
corresponding  panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate 
information. 

For  the  unadjusted  analysis  in  subpanel  (e),  a  sample  size  and  dependent  variable  mean  are  presented  for 
each  category.  If  the  dependent  variable  was  transformed  for  the  analysis,  the  means  of  the  transformed 
values  were  converted  to  the  original  scale  and  the  column  heading  is  footnoted.  The  mean  of  the 
dependent  variable  adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  also  is 
presented  for  each  dioxin  category.  For  each  individual  contrast  of  the  Ranch  Hand  category  versus  the 
Comparison  category,  the  difference  of  means  on  the  original  scale  and  the  associated  95-percent 
confidence  interval  are  reported.  If  the  analysis  was  performed  on  a  transformed  scale,  the  95-percent 
confidence  interval  on  the  differences  of  means  is  not  presented  and  the  column  is  footnoted.  A  p-value 
also  is  reported  to  determine  whether  a  difference  in  means  for  a  specified  contrast  was  equal  to  zero. 

The  p-value  was  based  on  the  difference  of  means  on  the  scale  used  for  analysis.  The  adjusted  mean, 
confidence  interval,  and  p-value  for  each  contrast  was  determined  from  an  analysis  of  covariance  model 
with  adjustment  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

For  the  adjusted  analysis  in  subpanel  (f),  the  table  includes  a  sample  size,  an  adjusted  mean  (adjusted  for 
percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  covariates),  a  difference  in  adjusted 
means  on  the  original  scale,  and  a  95-percent  confidence  interval  on  the  difference  in  adjusted  means  (if 
the  analysis  was  performed  on  the  original  scale).  The  p-value  for  testing  whether  the  difference  in 
adjusted  means  for  a  specified  contrast  was  equal  to  zero  also  is  presented. 

Subpanel  (g)  of  Table  9-8  reports  summary  statistics  from  Model  4  analyses,  which  assessed  the 
association  between  the  continuous  dependent  variable  and  1987  dioxin  without  adjusting  for  co variate 
information.  The  sample  size  and  mean  of  the  dependent  variable  (transformed  to  the  original  units,  if 
necessary)  are  presented  for  low,  medium,  and  high  categories  of  1987  dioxin.  The  low,  medium,  and 
high  categories  were  determined  by  dividing  all  Ranch  Hands  with  1987  dioxin  levels  into  three 
approximately  equal-sized  categories  based  on  their  1987  dioxin  measurement.  The  numerical  values 
defining  the  low,  medium,  and  high  categories  of  1987  dioxin  are  specified  in  a  table  subpanel  footnote. 
Based  on  a  linear  regression  of  the  dependent  variable  on  log2  (1987  dioxin  +  1),  the  coefficient  of 
determination  (R  ),  the  estimated  slope,  and  its  associated  standard  error  are  reported  for  each  model.  A 
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value  of  1  was  added  to  each  measurement  because  of  the  presence  of  1987  dioxin  measurements  of  0 
ppt.  If  the  dependent  variable  was  transformed  for  the  regression  analysis,  the  means,  slope,  and  standard 
error  are  footnoted  and  the  transformation  is  identified  in  the  footnote.  The  p-value  associated  with 
testing  whether  the  slope  was  equal  to  zero  also  is  presented. 

Based  on  analyses  that  incorporate  covariate  information,  subpanel  (h)  reports  summary  statistics  for 
Model  4  analyses  that  assessed  the  association  between  the  continuous  dependent  variable  and  1987 
dioxin.  The  sample  size  and  adjusted  mean  of  the  dependent  variable  (transformed  to  the  original  units, 
if  necessary)  are  presented  for  low,  medium,  and  high  categories  of  1987  dioxin.  The  numerical  values 
defining  these  categories  are  specified  in  a  table  subpanel  footnote.  Sample  sizes  for  corresponding 
panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate  information.  Based 
on  the  multiple  linear  regression  of  the  dependent  variable  on  log2  (1987  dioxin  +1)  and  covariates,  the 
coefficient  of  determination  (R2),  the  adjusted  slope  for  log2  (1987  dioxin  +  1),  and  its  associated 
standard  error  are  reported  for  each  model.  If  the  dependent  variable  was  transformed  for  the  regression 
analysis,  the  adjusted  means,  adjusted  slope,  and  standard  error  are  footnoted  and  the  transformation  is 
identified  in  the  footnote.  The  p-value  for  testing  whether  the  slope  was  equal  to  zero  also  is  presented. 

7.6. 1.2  Discrete  Variables 

7.6. 1.2.1  Discrete  Variable  with  Two  Categories 

Table  9-3  in  the  General  Health  Assessment  chapter  presents  an  example  of  the  results  of  analysis  when 
the  dependent  variable  is  discrete  and  dichotomous.  Subpanels  (a)  and  (b)  display  the  results  of 
unadjusted  and  adjusted  Model  1  analyses  that  compared  the  percentage  of  Ranch  Hands  and 
Comparisons  that  were  considered  abnormal  for  the  dependent  variable  of  interest  (the  abnormal 
classification  for  self-perception  of  health  in  Table  9-3  is  “fair  or  poor”).  Contrasts  between  Ranch 
Hands  and  Comparisons  also  are  presented  within  each  occupational  category  (i.e.,  officer,  enlisted  flyer, 
and  enlisted  groundcrew).  For  the  unadjusted  analysis  in  subpanel  (a),  a  sample  size  and  the  number  and 
percentage  of  participants  considered  abnormal  are  presented  for  each  group  within  each  occupational 
category.  For  the  contrasts  of  Ranch  Hands  versus  Comparisons,  an  estimated  relative  risk,  an  associated 
95-percent  confidence  interval  on  the  relative  risk,  and  a  p-value  for  testing  whether  the  risk  was  equal  to 
1 .0  are  presented.  The  normal  distribution  was  used  to  calculate  an  approximate  95-percent  confidence 
interval.  Results  for  each  occupational  category  were  determined  from  a  group-by-occupation  interaction 
that  was  included  in  the  model. 

For  the  adjusted  analysis  of  Model  1,  as  presented  in  subpanel  (b),  the  table  presents  an  adjusted  relative 
risk,  a  95-percent  confidence  interval  on  the  relative  risk,  and  a  p-value  for  testing  whether  the  risk  was 
equal  to  1 .0.  The  adjusted  relative  risk,  confidence  interval,  and  p-value  were  determined  from  a 
multiple  logistic  regression  model  that  used  the  appropriate  covariates  for  the  clinical  area  and  dependent 
variable  of  interest.  Results  for  each  occupational  category  were  determined  from  a  group-by-occupation 
interaction  that  was  included  in  the  model. 

Subpanel  (c)  of  Table  9-3  reports  summary  statistics  for  analyses  that  assessed  the  association  between 
the  dependent  variable  and  initial  dioxin  (Model  2)  without  adjusting  for  covariate  information.  Sample 
sizes  are  presented  for  low,  medium,  and  high  categories  of  initial  dioxin.  The  numerical  values  defining 
these  categories  are  specified  in  a  table  footnote.  The  number  and  percentage  of  Ranch  Hands 
considered  abnormal  are  presented  for  the  low,  medium,  and  high  initial  dioxin  categories.  Based  on  a 
logistic  regression  model,  adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin, 
an  estimated  relative  risk  and  its  95-percent  confidence  interval  are  reported.  The  p-value  associated 
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with  testing  whether  the  relative  risk  was  equal  to  1.0  also  is  presented.  The  normal  distribution  was 
used  to  determine  an  approximate  95-percent  confidence  interval.  The  summary  statistics  that  are 
reported  were  based  on  initial  dioxin  divided  into  three  categories,  whereas  the  relative  risk,  confidence 
interval,  and  p-value  were  based  on  log2  (initial  dioxin)  in  its  continuous  form. 

Subpanel  (d)  of  Table  9-3  reports  summary  statistics  for  analyses  that  assessed  the  association  between 
the  discrete  dependent  variable  and  initial  dioxin  (Model  2),  adjusted  for  percent  body  fat  at  the  time  of 
the  blood  measurement  of  dioxin  and  covariate  information.  The  sample  size  given  is  based  on  a 
multiple  logistic  regression  of  the  discrete  dependent  variable  on  log2  (initial  dioxin),  percent  body  fat  at 
the  time  of  the  blood  measurement  of  dioxin,  and  covariates.  Sample  sizes  for  corresponding  panels  of 
unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate  information.  The  adjusted 
relative  risk  for  log2  (initial  dioxin)  and  its  associated  95-percent  confidence  interval  are  reported  and  are 
based  on  this  multiple  logistic  regression  model.  The  normal  distribution  was  used  to  determine  an 
approximate  95-percent  confidence  interval.  The  p-value  for  testing  whether  the  relative  risk  was  equal 
to  1.0  also  is  presented. 

Subpanels  (e)  and  (f)  of  Table  9-3  show  the  results  of  unadjusted  and  adjusted  Model  3  analyses  that 
contrasted  Ranch  Hands  having  background,  low,  high,  and  low  plus  high  dioxin  levels  with 
Comparisons  having  lipid-adjusted  dioxin  levels  less  than  or  equal  to  10  ppt.  The  percentage  of 
participants  that  were  considered  abnormal  for  the  dependent  variable  of  interest  was  contrasted  between 
the  four  categories  of  Ranch  Hands  and  Comparisons.  The  low  and  high  Ranch  Hand  categories  were 
determined  by  dividing  all  Ranch  Hands  with  lipid-adjusted  dioxin  estimates  greater  than  10  ppt  into  two 
approximately  equal-sized  categories  based  on  their  initial  dioxin  estimate.  The  low  plus  high  Ranch 
Hand  category  is  a  combination  of  the  low  and  high  Ranch  Hand  categories.  The  note  at  the  bottom  of 
the  table  subpanel  defines  the  dioxin  categories.  The  percentage  of  Ranch  Hands  in  the  low  plus  high 
category  is  a  weighted  average  of  the  low  Ranch  Hand  and  high  Ranch  Hand  categories,  where  the 
weights  are  based  on  the  low  category  and  high  category  sample  sizes.  Sample  sizes  for  corresponding 
panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate  information. 

For  the  Model  3  unadjusted  analysis  in  subpanel  (e),  the  sample  size  and  the  number  and  percentage  of 
participants  considered  abnormal  is  presented  for  each  dioxin  category.  For  the  individual  contrasts  of 
the  Ranch  Hand  categories  versus  Comparisons,  an  estimated  relative  risk,  a  95-percent  confidence 
interval  for  the  relative  risk,  and  a  p-value  associated  with  testing  whether  the  risk  was  equal  to  1.0  are 
presented.  The  relative  risk,  confidence  interval,  and  p-value  were  determined  from  a  logistic  regression 
model,  adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin.  The  normal 
distribution  was  used  to  determine  an  approximate  95-percent  confidence  interval. 

For  the  Model  3  adjusted  analysis,  subpanel  (f)  of  the  table  presents  an  adjusted  relative  risk,  a  95- 
percent  confidence  interval  for  the  relative  risk,  and  a  p-value  associated  with  testing  whether  the  risk 
was  equal  to  1 .0  for  the  individual  contrasts  of  the  Ranch  Hand  categories  with  Comparisons.  The 
normal  distribution  was  used  to  determine  an  approximate  95-percent  confidence  interval. 

Subpanels  (g)  and  (h)  of  Table  9-3  present  summary  statistics  from  Model  4,  which  assessed  the 
association  between  the  dependent  variable  and  1987  dioxin.  For  the  unadjusted  analysis,  the  sample 
size  and  the  number  and  percentage  of  participants  considered  abnormal  is  presented  for  each  1987 
dioxin  category.  The  low,  medium,  and  high  categories  were  determined  by  dividing  all  Ranch  Hands 
with  1987  dioxin  levels  into  three  approximately  equal-sized  categories.  The  numerical  values  defining 
these  categories  are  specified  in  a  table  footnote.  Based  on  a  logistic  regression  model,  an  estimated 
relative  risk  and  its  95-percent  confidence  interval  are  reported.  The  p-value  associated  with  testing 
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whether  the  relative  risk  was  equal  to  1.0  also  is  presented.  The  normal  distribution  was  used  to 
determine  an  approximate  95-percent  confidence  interval.  The  summary  statistics  are  reported  for  1987 
dioxin  divided  into  three  categories,  whereas  the  relative  risk,  confidence  interval,  and  p-value  were 
based  on  log2  (1987  dioxin  +  1)  in  its  continuous  form. 

Incorporating  covariate  information,  subpanel  (h)  reports  summary  statistics  from  analyses  that  assessed 
the  association  between  the  dichotomous  dependent  variable  and  1987  dioxin.  The  sample  size  is 
presented  for  a  multiple  logistic  regression  of  the  discrete  dependent  variable  on  log2  (1987  dioxin  +1) 
including  covariates  in  the  final  adjusted  model.  Sample  sizes  for  corresponding  panels  of  unadjusted 
and  adjusted  analyses  may  differ  because  of  missing  covariate  information.  Based  on  the  multiple 
logistic  regression  model,  the  adjusted  relative  risk  for  log2  (1987  dioxin  +  1)  and  its  associated  95- 
percent  confidence  interval  are  reported.  The  normal  distribution  was  used  to  determine  an  approximate 
95-percent  confidence  interval.  The  p-value  for  testing  whether  the  relative  risk  was  equal  to  1.0  also  is 
presented. 

7.6. 1.2.2  Discrete  Variable  with  More  Than  Two  Categories 

Polytomous  regression  techniques  were  used  to  analyze  discrete  dependent  variables  having  more  than 
two  levels  (e.g.,  abnormal  low,  normal,  abnormal  high — see  Table  15-4  in  the  Hematology  Assessment 
chapter).  Results  were  presented  in  a  similar  fashion  to  discrete  variables  with  only  two  categories; 
however,  the  number  and  percentage  of  participants  for  each  dependent  variable  category  (including 
normal)  are  given.  Therefore,  the  relative  frequencies  sum  to  100  percent  across  the  dependent  variable 
categories  and  the  number  of  participants  in  each  of  the  dependent  variable  categories  adds  to  the  total 
number  of  participants  in  each  exposure  group  or  dioxin  category.  In  addition,  a  relative  risk,  a  95- 
percent  confidence  interval,  and  a  p-value  were  presented  for  each  contrast  with  the  normal  level  of  the 
dependent  variable  (e.g.,  abnormal  low  versus  normal  and  abnormal  high  versus  normal). 

In  Table  15-4,  subpanels  (a)  and  (b)  display  the  results  of  unadjusted  and  adjusted  Model  1  analyses  that 
compared  Ranch  Hands  and  Comparisons  on  the  relative  frequencies  of  each  abnormal  level  for  a 
specified  discrete  dependent  variable.  For  example,  the  percentage  of  participants  with  an  abnormally 
high  red  blood  cell  count  was  contrasted  to  participants  with  a  normal  red  blood  cell  count,  and  the 
percentage  of  participants  with  an  abnormally  low  red  blood  cell  count  was  contrasted  to  participants 
with  a  normal  red  blood  cell  count.  Contrasts  between  Ranch  Hands  and  Comparisons  also  are  presented 
within  each  occupational  category  (i.e.,  officer,  enlisted  flyer,  and  enlisted  groundcrew).  For  the 
unadjusted  analysis  in  subpanel  (a),  a  sample  size  is  presented  for  each  exposure  group  (Ranch  Hand, 
Comparison)  across  all  occupational  categories  and  within  each  occupational  category.  The  number  and 
percentage  of  participants  are  presented  for  each  level  of  the  dependent  variable  for  each  group.  For  the 
contrasts  of  Ranch  Hands  versus  Comparisons,  an  estimated  relative  risk,  a  95-percent  confidence 
interval  for  the  relative  risk,  and  a  p-value  associated  with  testing  whether  the  risk  was  equal  to  1 .0  are 
presented  for  each  contrast  against  the  normal  level  of  the  dependent  variable  (e.g.,  abnormal  low  versus 
normal  and  abnormal  high  versus  normal).  The  normal  distribution  was  used  to  calculate  an  approximate 
95-percent  confidence  interval.  Results  for  each  occupational  category  were  determined  from  the  group- 
by-occupation  interaction  that  was  included  in  the  model. 

For  a  Model  1  analysis  adjusted  for  covariate  information  and  shown  in  subpanel  (b),  the  table  presents 
an  adjusted  relative  risk,  a  95-percent  confidence  interval  on  the  relative  risk,  and  a  p-value  associated 
with  testing  whether  the  risk  was  equal  to  1.0  for  each  occupational  category  and  each  contrast.  The 
normal  distribution  was  used  to  calculate  an  approximate  95-percent  confidence  interval.  Results  for 
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each  occupational  category  were  determined  from  the  group-by-occupation  interaction  that  was  included 
in  the  model. 

Subpanels  (c)  and  (d)  of  Table  15-4  summarize  the  unadjusted  and  adjusted  Model  2  analyses  relating 
discrete  dependent  variables  having  more  than  two  categories  to  initial  dioxin.  Both  unadjusted  and 
adjusted  analyses  are  adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin.  In 
subpanel  (c),  the  sample  size  and  the  number  and  percentage  of  Ranch  Hands  in  each  category  of  the 
dependent  variable  are  presented  for  each  initial  dioxin  category  (i.e.,  low,  medium,  and  high  initial 
dioxin).  The  relative  risk,  the  95-percent  confidence  interval  for  the  relative  risk,  and  the  p-value 
associated  with  testing  whether  the  risk  was  equal  to  1.0  are  presented  for  each  abnormal  level  of  the 
dependent  variable  (e.g.,  abnormal  low  versus  normal  and  abnormal  high  versus  normal).  The  summary 
statistics  that  are  reported  were  based  on  initial  dioxin  divided  into  three  categories,  whereas  the  relative 
risk,  confidence  interval,  and  p-value  were  based  on  log2  (initial  dioxin)  in  its  continuous  form. 

In  subpanel  (d),  after  adjustment  for  covariate  information,  the  sample  size,  the  adjusted  relative  risk,  the 
95-percent  confidence  interval  for  the  relative  risk,  and  the  p-value  associated  with  testing  whether  the 
risk  was  equal  to  1 .0  are  presented  for  each  abnormal  level  of  the  dependent  variable.  Sample  sizes  for 
corresponding  panels  of  unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate 
information. 

Subpanels  (e)  and  (f)  of  Table  15-4  present  unadjusted  and  adjusted  Model  3  analyses  of  categorized 
dioxin  versus  a  discrete  dependent  variable  having  more  than  two  categories.  Both  unadjusted  and 
adjusted  analyses  are  adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Results  are  presented  in  a  similar  fashion  to  the  group  analysis  (Model  1),  except  that  contrasts  involve 
the  four  Ranch  Hand  categories  (background,  low,  high,  and  low  plus  high)  versus  Comparisons,  and 
contrasts  are  not  performed  for  each  occupation.  For  the  unadjusted  analysis,  a  sample  size  is  presented 
for  each  dioxin  category.  The  low  plus  high  Ranch  Hand  category  is  a  combination  of  the  low  and  high 
Ranch  Hand  categories.  The  percentage  of  Ranch  Hands  in  the  low  plus  high  category  is  a  weighted 
average  of  the  low  Ranch  Hand  and  high  Ranch  Hand  categories,  where  the  weights  are  based  on  the  low 
category  and  high  category  sample  sizes.  Sample  sizes  for  corresponding  panels  of  unadjusted  and 
adjusted  analyses  may  differ  because  of  missing  covariate  information. 

The  number  and  percentage  of  participants  for  each  level  of  the  dependent  variable  are  presented  for  each 
dioxin  category  in  subpanel  (e).  For  each  contrast  of  a  Ranch  Hand  category  versus  the  Comparison 
group,  an  estimated  relative  risk,  a  95-percent  confidence  interval  for  the  relative  risk,  and  a  p-value 
associated  with  testing  whether  the  risk  was  equal  to  1.0  are  presented.  These  results  are  given  for  each 
contrast  against  the  normal  level  of  the  dependent  variable  (e.g.,  abnormal  low  versus  normal  and 
abnormal  high  versus  normal).  For  an  adjusted  Model  3  analysis  in  subpanel  (f),  the  table  presents  an 
adjusted  relative  risk,  a  95-percent  confidence  interval  on  the  relative  risk,  and  a  p-value  for  each  contrast 
of  Ranch  Hands  versus  Comparisons  for  each  abnormal  level  of  the  dependent  variable. 

Similar  to  the  polytomous  regression  analysis  using  initial  dioxin,  unadjusted  and  adjusted  analyses  of 
discrete  dependent  variables  with  more  than  two  categories  were  performed  using  1987  dioxin  in  Model 
4.  In  Table  15-4,  summaries  of  the  analyses  are  given  in  subpanels  (g)  and  (h).  For  the  unadjusted 
analysis  in  subpanel  (g),  sample  sizes  are  presented  for  each  1987  dioxin  category  (i.e.,  low,  medium,  and 
high  1987  dioxin).  The  number  and  percentage  of  Ranch  Hands  for  each  dependent  variable  category  for 
each  1987  dioxin  category  are  presented.  An  estimated  relative  risk,  a  95-percent  confidence  interval  on 
the  relative  risk,  and  an  associated  contrast  p-value  are  reported  for  each  abnormal  level  of  the  dependent 
variable  (e.g.,  abnormal  low  vs.  normal  and  abnormal  high  vs.  normal).  The  summary  statistics  that  are 
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reported  were  based  on  1987  dioxin  divided  into  three  categories,  whereas  the  relative  risk,  confidence 
interval,  and  p-value  were  based  on  log2  (1987  dioxin  +  1)  in  its  continuous  form. 


Adjusted  analysis  results  in  subpanel  (h)  include  a  total  sample  size,  an  adjusted  relative  risk,  a  95- 
percent  confidence  interval  on  the  relative  risk,  and  an  associated  contrast  p-value  for  each  abnormal 
level  of  the  dependent  variable.  Sample  sizes  for  corresponding  panels  of  unadjusted  and  adjusted 
analyses  may  differ  because  of  missing  co variate  information. 

7.6.2  Longitudinal  Analysis 

The  results  of  the  longitudinal  analysis  are  displayed  in  subpanels  within  each  table  as  specified  in  Table 
7-10.  The  specification  of  the  subpanels  is  applicable  whether  the  dependent  variable  is  continuous  or 
discrete. 


Table  7-10.  Location  of  Table  Results  from  Different  Longitudinal  Analysis  Models 


'Model  - 

f  |  f§ |  |||§J§f|  1 

1 

Group3 

a 

2 

Initial  Dioxinb 

b 

3 

Categorized  Dioxin3 

c 

a  Ranch  Hands  and  Comparisons. 
b  Ranch  Hands  only. 


Most  of  the  longitudinal  analyses  in  this  report  are  based  on  a  comparison  of  data  from  the  1982  baseline 
examination  and  the  1997  follow-up  examination,  and  the  discussion  of  tables  below  is  based  on  the 
comparison  of  the  1982  and  1997  examinations.  Some  analyses,  however,  are  based  on  a  comparison  of 
data  from  the  1985  follow-up  examination  and  the  1997  follow-up  examination  (e.g.,  neurological 
indices  in  Chapter  11,  Neurological  Assessment,  or  Doppler  pulses  in  Chapter  14,  Cardiovascular 
Assessment).  The  1985  follow-up  examination  data  were  used  because  of  methodological  differences  in 
the  measurements  between  the  1982  baseline  examination  and  the  1985  follow-up  examination,  or 
because  the  measurement  was  not  obtained  at  the  1982  baseline  examination.  In  addition,  spirometry 
measurements  were  not  taken  at  the  1985  follow-up  examination,  and  Doppler  pulse  measurements  were 
not  made  at  the  1987  follow-up  examination;  therefore,  summary  statistics  based  on  data  from  the 
respective  examinations  are  not  provided  for  these  variables. 

7. 6.2.1  Continuous  Variables 

Table  9-15  in  the  General  Health  Assessment  chapter  presents  an  example  of  a  longitudinal  analysis 
when  the  dependent  variable  was  continuous.  In  subpanel  (a),  a  mean  and  a  sample  size  (n)  are  provided 
for  all  occupational  categories  combined  and  separately  for  each  occupational  category  (i.e.,  officer, 
enlisted  flyer,  and  enlisted  groundcrew).  The  mean  and  sample  size  are  provided  for  data  from  the  1982 
baseline  examination  and  the  1985,  1987,  1992,  and  1997  follow-up  examinations.  Summary  statistics 
for  the  1982  baseline  examination  and  the  1997  follow-up  examination  were  based  on  participants  that 
attended  both  examinations.  Summary  statistics  for  the  1985,  1987,  and  1992  follow-up  examinations 
were  based  on  participants  that  attended  the  1982  baseline  examination,  the  1997  follow-up  examination. 
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and  the  respective  follow-up  examination  that  was  summarized.  The  summary  statistics  for  the  1985, 
1987,  and  1992  follow-up  examinations  are  provided  for  reference  purposes.  If  the  dependent  variable 
was  transformed  for  the  analysis,  the  means  of  the  transformed  values  were  converted  to  the  original 
scale  and  the  transformation  is  specified  in  a  footnote. 

Subpanel  (a)  shows  the  Ranch  Hand  and  Comparison  difference  in  means  between  the  1997  follow-up 
examination  and  1982  baseline  examination.  The  Ranch  Hand  and  Comparison  difference  in  means 
between  the  1997  follow-up  examination  and  1982  baseline  examination  is  presented  for  all  occupations 
combined  and  separately  for  each  occupational  category.  The  difference  between  Ranch  Hands  and 
Comparisons  in  the  change  between  the  1997  follow-up  examination  mean  and  the  1982  baseline 
examination  mean  also  is  reported  in  subpanel  (a).  The  p- value  that  was  used  to  determine  whether  the 
difference  in  the  examination  mean  change  between  Ranch  Hands  and  Comparisons  was  equal  to  zero  is 
given.  This  p-value  was  based  on  the  difference  in  Ranch  Hand  and  Comparison  examination  mean 
changes  on  the  scale  used  for  analysis.  The  p-value  for  each  occupational  category  was  determined  using 
analysis  of  covariance  techniques  from  a  group-by-occupation  interaction  in  the  model.  The  longitudinal 
analysis  performed  in  subpanel  (a)  was  adjusted  for  the  1982  measurement  of  the  dependent  variable  and 
age  at  the  1997  physical  examination. 

Subpanel  (b)  of  Table  9-15  reports  summary  statistics  on  the  continuous  dependent  variable  of  interest. 
The  sample  size  and  mean  of  the  dependent  variable  (transformed  to  the  original  units,  if  necessary)  are 
presented  for  low,  medium,  and  high  categories  of  initial  dioxin.  The  low,  medium,  and  high  categories 
were  determined  by  dividing  all  Ranch  Hands  with  initial  dioxin  estimates  into  three  approximately 
equal-sized  categories  based  on  their  initial  dioxin  estimate.  The  numerical  values  defining  these 
categories  are  specified  in  the  table  subpanel  footnote.  The  mean  and  sample  size  are  provided  for  data 
from  the  1982  baseline  examination  and  the  1985,  1987,  1992,  and  1997  follow-up  examinations. 
Summary  statistics  for  the  1982  baseline  examination  and  the  1997  follow-up  examination  were  based  on 
participants  that  attended  both  examinations.  Summary  statistics  for  the  1985,  1987,  and  1992  follow-up 
examinations  were  based  on  participants  that  attended  the  1982  baseline  examination,  the  1997  follow-up 
examination,  and  the  respective  follow-up  examination  that  was  summarized.  If  the  dependent  variable 
was  transformed  for  the  analysis,  the  transformation  is  specified  in  a  footnote. 

For  each  participant  who  attended  both  the  1982  and  1997  physical  examinations,  a  difference  between 
the  dependent  variable  as  measured  at  the  1997  follow-up  examination  and  as  measured  at  the  1982 
baseline  examination  was  created.  The  difference  in  these  two  measurements  was  on  the  scale  used  for 
analysis.  The  association  between  the  difference  in  the  examination  measurements  and  initial  dioxin  was 
determined  and  adjusted  for  the  1982  measurement  of  the  dependent  variable,  age  at  the  1997  physical 
examination,  and  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin.  The  estimated  slope, 
its  associated  standard  error,  and  the  p-value  associated  with  testing  whether  the  slope  was  equal  to  zero 
are  reported  in  subpanel  (b).  If  the  dependent  variable  was  transformed  for  the  regression  analysis,  the 
transformation  is  identified  in  the  footnote.  The  summary  statistics  that  are  reported  were  based  on 
initial  dioxin  divided  into  three  categories,  whereas  the  slope,  standard  error,  and  p-value  were  based  on 
log2  (initial  dioxin)  in  its  continuous  form. 

Subpanel  (c)  of  Table  9-15  shows  the  results  of  Model  3  analyses  that  contrasted  the  means  of  a 
continuous  dependent  variable  for  Ranch  Hands  with  background,  low,  high,  and  low  plus  high  dioxin 
levels  with  Comparisons  having  lipid-adjusted  dioxin  levels  less  than  or  equal  to  10  ppt.  The  low  and 
high  Ranch  Hand  categories  were  determined  by  dividing  all  Ranch  Hands  with  lipid-adjusted  dioxin 
estimates  greater  than  10  ppt  into  two  approximately  equal-sized  categories  based  on  their  initial  dioxin 
estimate.  The  low  plus  high  Ranch  Hand  category  is  a  combination  of  the  low  and  high  categories.  The 
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note  at  the  bottom  of  the  table  subpanel  defines  the  dioxin  categories.  The  mean  for  the  low  plus  high 
category  is  a  weighted  average  (transformed  to  the  original  units,  if  necessary)  of  the  low  Ranch  Hand 
and  high  Ranch  Hand  category  means  on  the  scale  used  for  transformation,  where  the  weights  were  based 
on  the  low  and  high  Ranch  Hand  category  sample  sizes. 

In  subpanel  (c),  a  mean  and  a  sample  size  are  provided  for  all  Ranch  Hand  and  Comparison  dioxin 
categories.  The  mean  and  sample  size  are  provided  for  data  from  the  1982  baseline  examination  and  the 
1985,  1987,  1992,  and  1997  follow-up  examinations.  Summary  statistics  for  the  1982  baseline 
examination  and  the  1997  follow-up  examination  were  based  on  participants  that  attended  the  1982 
baseline  examination  and  the  1997  follow-up  examination.  Summary  statistics  for  the  1985,  1987,  and 
1992  follow-up  examinations  were  based  on  participants  that  attended  the  1982  baseline  examination,  the 
1997  follow-up  examination,  and  the  respective  follow-up  examination  that  was  summarized.  The 
summary  statistics  for  the  1985,  1987,  and  1992  follow-up  examinations  are  provided  for  reference 
purposes.  If  the  dependent  variable  was  transformed  for  the  analysis,  the  means  of  the  transformed 
values  were  converted  to  the  original  scale  and  the  transformation  is  specified  in  a  footnote. 

Subpanel  (c)  shows  the  Ranch  Hand  and  Comparison  difference  in  dioxin  category  means  between  the 
1997  follow-up  examination  and  1982  baseline  examination.  The  Ranch  Hand  and  Comparison 
difference  in  dioxin  category  means  between  the  1997  follow-up  examination  and  1982  baseline 
examination  is  presented  for  all  occupations  combined  and  separately  for  each  occupational  category. 

The  difference  between  Ranch  Hands  and  Comparisons  in  the  change  between  the  1997  follow-up 
examination  mean  and  the  1982  baseline  examination  mean  also  is  reported  in  subpanel  (c).  The  p-value 
that  was  used  to  determine  whether  the  difference  in  the  examination  mean  change  between  the  Ranch 
Hand  dioxin  category  and  Comparisons  was  equal  to  zero  is  given.  This  p-value  was  based  on  the 
difference  in  Ranch  Hand  and  Comparison  examination  mean  changes  on  the  scale  used  for  analysis. 

The  p-value  for  each  occupational  category  was  determined  using  analysis  of  covariance  techniques.  The 
longitudinal  analysis  performed  in  subpanel  (c)  was  adjusted  for  the  1982  measurement  of  the  dependent 
variable,  age  at  the  1997  physical  examination,  and  percent  body  fat  at  the  time  of  the  blood 
measurement  of  dioxin. 

7. 6. 2. 2  Discrete  Variables  with  Two  Categories 

Table  9-10  in  the  General  Health  Assessment  chapter  presents  an  example  of  the  longitudinal  analysis 
when  the  dependent  variable  was  discrete  and  dichotomous.  In  subpanel  (a),  the  number  and  percentage 
of  participants  defined  as  abnormal  and  a  sample  size  (n)  are  provided  for  all  occupational  categories 
combined  and  separately  for  each  occupational  category  (i.e.,  officer,  enlisted  flyer,  and  enlisted 
groundcrew).  The  summary  statistics  are  provided  for  data  from  the  1982  baseline  examination  and  the 
1985,  1987, 1992,  and  1997  follow-up  examinations.  Summary  statistics  for  the  1982  baseline 
examination  and  the  1997  follow-up  examination  were  based  on  participants  that  attended  both 
examinations.  Summary  statistics  for  the  1985,  1987,  and  1992  follow-up  examinations  were  based  on 
participants  that  attended  the  1982  baseline  examination,  the  1997  follow-up  examination,  and  the 
respective  follow-up  examination  that  was  summarized.  The  summary  statistics  for  the  1985,  1987,  and 
1992  follow-up  examinations  are  provided  for  reference  purposes. 

Subpanel  (a)  also  shows  the  number  of  Ranch  Hands  and  Comparisons  and  the  number  and  percentage  of 
participants  considered  abnormal  at  the  1997  examination  (the  abnormal  classification  for  self-perception 
of  health  in  Table  9-10  is  “fair  or  poor”).  These  summary  statistics  are  presented  for  all  occupations 
combined  and  separately  for  each  occupational  category,  and  are  restricted  to  participants  that  were 
considered  normal  in  1982  (the  normal  classification  for  self-perception  of  health  in  Table  9-10  is 
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'‘excellent  or  good”).  For  the  contrasts  of  Ranch  Hands  versus  Comparisons,  a  relative  risk,  an 
associated  95  percent  confidence  interval  on  the  relative  risk,  and  a  p-value  for  testing  whether  the  risk 
was  equal  to  1.0  are  presented.  The  normal  distribution  was  used  to  calculate  an  approximate  95-percent 
confidence  interval.  Results  for  each  occupational  category  were  determined  from  the  group-by¬ 
occupation  interaction  that  was  included  in  the  logistic  regression  model.  The  longitudinal  analysis 
performed  in  subpanel  (a)  was  adjusted  for  age  at  the  1997  physical  examination. 

Subpanel  (b)  of  Table  9-10  reports  the  number  and  percentage  of  participants  defined  as  abnormal  and  a 
sample  size  for  low,  medium,  and  high  categories  of  initial  dioxin.  The  low,  medium,  and  high 
categories  were  determined  by  dividing  all  Ranch  Hands  with  initial  dioxin  estimates  into  three 
approximately  equal-sized  categories  based  on  their  initial  dioxin  estimate.  The  numerical  values 
defining  these  categories  are  specified  in  the  table  subpanel  footnote.  The  summary  statistics  are 
provided  for  data  from  the  1982  baseline  examination  and  the  1985,  1987,  1992,  and  1997  follow-up 
examinations.  Summary  statistics  for  the  1982  baseline  examination  and  the  1997  follow-up  examination 
were  based  on  participants  that  attended  both  examinations.  Summary  statistics  for  the  1985,  1987,  and 
1992  follow-up  examinations  were  based  on  participants  that  attended  the  1982  baseline  examination,  the 
1 997  follow-up  examination,  and  the  respective  follow-up  examination  that  was  summarized. 

Based  on  a  logistic  regression  model  adjusted  for  age  at  the  1997  physical  examination  and  percent  body 
fat  at  the  time  of  the  blood  measurement  of  dioxin,  the  association  between  the  dichotomous  dependent 
variable  and  initial  dioxin  was  determined.  The  analysis  was  restricted  to  participants  that  were 
considered  normal  in  1982.  The  relative  risk  and  its  95-percent  confidence  interval  are  reported  in 
subpanel  (b),  along  with  the  p-value  associated  with  testing  whether  the  relative  risk  was  equal  to  1.0. 

The  summary  statistics  that  are  reported  were  based  on  initial  dioxin  divided  into  three  categories, 
whereas  the  relative  risk,  confidence  interval,  and  p-value  were  based  on  log2  (initial  dioxin)  in  its 
continuous  form. 

Subpanel  (c)  of  Table  9-10,  for  example,  shows  the  sample  size  and  the  number  and  percentage  of 
participants  considered  abnormal  for  Ranch  Hands  with  background,  low,  high,  and  low  plus  high  dioxin 
levels  and  Comparisons  having  lipid-adjusted  dioxin  levels  less  than  or  equal  to  10  ppt.  The  low  and 
high  Ranch  Hand  categories  were  determined  by  dividing  all  Ranch  Hands  with  lipid-adjusted  dioxin 
estimates  greater  than  10  ppt  into  two  approximately  equal-sized  categories  based  on  their  initial  dioxin 
estimate.  The  low  plus  high  Ranch  Hand  category  is  a  combination  of  the  low  and  high  categories.  The 
note  at  the  bottom  of  the  table  subpanel  defines  the  dioxin  categories.  The  percentage  of  Ranch  Hands  in 
the  low  plus  high  category  is  a  weighted  average  of  the  low  Ranch  Hand  and  high  Ranch  Hand 
categories,  where  the  weights  are  based  on  the  low  category  and  high  category  sample  sizes. 

The  summary  statistics  in  subpanel  (c)  are  provided  for  data  from  the  1982  baseline  examination  and  the 
1985,  1987,  1992,  and  1997  follow-up  examinations.  Summary  statistics  for  the  1982  baseline 
examination  and  the  1997  follow-up  examination  were  based  on  participants  that  attended  both 
examinations.  Summary  statistics  for  the  1985,  1987,  and  1992  follow-up  examinations  were  based  on 
participants  that  attended  the  1982  baseline  examination,  the  1997  follow-up  examination,  and  the 
respective  follow-up  examination  that  was  summarized. 

Subpanel  (c)  also  shows  the  number  of  Comparisons  and  Ranch  Hands  in  each  of  the  dioxin  categories 
for  the  1997  physical  examination,  and  the  number  and  percentage  of  participants  considered  abnormal  at 
the  1997  examination.  The  analysis  was  restricted  to  participants  that  were  considered  normal  in  1982. 
The  relative  risk  and  its  95-percent  confidence  interval  are  reported,  along  with  the  p-value  associated 
with  testing  whether  the  relative  risk  was  equal  to  1 .0.  The  normal  distribution  was  used  to  calculate  an 
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approximate  95-percent  confidence  interval.  The  longitudinal  analysis  was  based  on  a  logistic  regression 
model  and  was  adjusted  for  age  at  the  1997  physical  examination  and  percent  body  fat  at  the  time  of  the 
blood  measurement  of  dioxin. 

7. 6. 2.2.1  Discrete  Variable  with  More  Than  Two  Categories 

An  example  of  a  longitudinal  analysis  on  a  discrete  variable  with  more  than  two  categories  is  provided  in 
Table  15-26  in  the  Hematology  Assessment  chapter.  The  statistics  provided  in  this  table  are  identical  to 
the  statistics  provided  for  a  discrete  variable  with  two  categories  (e.g.,  Table  9-10).  The  tables  for  a 
discrete  variable  with  more  than  two  categories  have  a  separate  subpanel  for  each  abnormal  level  of  the 
dependent  variable.  For  example,  in  Table  15-26,  platelet  count  has  three  levels:  abnormal  low,  normal, 
and  abnormal  high.  Subpanels  (al),  (bl),  and  (cl)  contrast  abnormal  low  levels  of  platelet  count  with 
normal  levels  for  Models  1, 2,  and  3,  respectively.  Subpanels  (a2),  (b2),  and  (c2)  contrast  abnormal  high 
levels  of  platelet  count  with  normal  levels  for  Models  1,  2,  and  3,  respectively.  As  with  the  longitudinal 
analysis  on  a  dichotomous  dependent  variable,  analyses  are  restricted  to  participants  that  were  normal  in 
1982. 
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8  COVARIATE  ASSOCIATIONS  WITH  ESTIMATES  OF  DIOXIN  EXPOSURE 


8.1  INTRODUCTION 

The  associations  between  the  covariates  used  throughout  this  report  and  four  estimates  of  dioxin 
exposure  are  evaluated  in  this  chapter.  The  purpose  of  studying  these  associations  was  to  determine  if 
these  covariates,  which  have  been  determined  to  be  associated  with  one  or  more  of  the  health  endpoints 
considered  in  this  study,  were  associated  with  an  estimate  of  dioxin  exposure,  and,  therefore,  could 
potentially  be  confounding  variables  in  subsequent  statistical  analyses  in  this  report.  These  covariates 
and  estimates  of  dioxin  exposure  are  used  extensively  in  the  statistical  analyses  in  Chapters  9  through  18. 
Specific  definitions  of  the  covariates  are  contained  in  these  chapters.  The  results  contained  in  this 
chapter  are  associations  and  should  not  be  interpreted  as  indicating  causal  relations  between  the  estimates 
of  dioxin  exposure  and  co variate  levels. 

In  previous  reports,  the  relations  between  the  covariate  and  the  estimates  of  dioxin  exposure  were  not 
adjusted  for  other  co  variates,  but  some  of  the  relations  may  have  been  confounded  with  military 
occupation.  In  this  report,  the  unadjusted  relations  between  dioxin  exposure  and  all  covariates  were 
evaluated,  as  well  as  the  relations  when  military  occupation  was  considered.  Consequently,  for  each 
association  between  a  covariate  and  either  group  or  dioxin,  analyses  unadjusted  and  adjusted  for  military 
occupation  were  performed. 

Four  models  were  examined  for  each  covariate.  Additional  details  regarding  dioxin  measurements  are 
given  in  Chapter  2,  Dioxin  Assay,  and  Chapter  7,  Statistical  Methods.  Model  1  examined  the  relation  of 
an  individual  covariate  with  group  (Ranch  Hand  or  Comparison).  In  this  model,  exposure  was  defined  as 
“yes”  for  Ranch  Hands  and  “no”  for  Comparisons  without  regard  to  the  magnitude  of  the  exposure. 

Model  2  explored  the  relation  between  the  covariate  and  an  extrapolated  initial  dioxin  measure  for  Ranch 
Hands  who  had  a  1987  dioxin  measurement  greater  than  10  parts  per  trillion  (ppt).  If  a  participant  did 
not  have  a  1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant 
did  not  have  a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level. 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  in  the  tables  as  “Low  Ranch  Hand”  if  the  initial  dioxin 
level  was  greater  than  10  ppt  and  less  than  or  equal  to  94  ppt  and  “High  Ranch  Hand”  if  the  initial  dioxin 
level  was  greater  than  94  ppt.  Two  additional  categories.  Ranch  Hands  with  1987  serum  dioxin  levels  at 
or  below  10  ppt  and  Comparisons  with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  created.  Ranch 
Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  in  the  tables  as  the  “Background 
Ranch  Hand”  category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin 
levels  in  1997  were  used  if  the  1987  and  1992  levels  were  not  available.  Comparisons  with  1987  dioxin 
levels  greater  than  10  ppt  were  excluded.  Covariate  means  or  covariate  category  percentages  in  the  three 
Ranch  Hand  categories  and  the  Comparison  category  were  contrasted. 

Model  4  examined  the  relation  between  the  co  variate  and  1987  dioxin  levels  in  all  Ranch  Hands  with  a 
dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the  1992  measurement 
was  used  in  determining  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992  dioxin 
measurement,  the  1997  measurement  was  used  in  determining  the  dioxin  level. 

The  summary  statistics  listed  in  the  tables  in  this  chapter  are  percentages,  correlation  coefficients  (r),  or 
means.  For  Models  1  and  3,  if  a  covariate  is  discrete,  the  percentage  of  participants  in  each  of  the  Ranch 
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Hand  or  Comparison  categories  is  shown  for  each  of  the  covariate  categories.  If  a  covariate  is 
continuous,  the  mean  of  the  covariate  is  given  for  each  Ranch  Hand  and  Comparison  category.  Because 
the  measure  of  dioxin  is  continuous  for  the  analyses  of  Models  2  and  4,  if  a  covariate  is  also  continuous, 
a  correlation  coefficient  between  initial  dioxin  and  the  covariate  is  provided.  If  a  covariate  is  discrete, 
dioxin  means  for  each  of  the  covariate  categories  are  displayed.  Consistent  with  the  methodology  used  in 
each  of  the  clinical  chapters,  the  means  presented  in  the  tables  were  transformed  from  the  logarithmic 
(base  2)  scale  for  initial  dioxin  in  Model  2,  and  from  the  (log2  (X+l))  scale  for  1987  dioxin  in  Model  4. 

8.2  MATCHING  DEMOGRAPHIC  VARIABLES  (AGE,  RACE,  AND  MILITARY  OCCUPATION) 

Age,  race,  and  military  occupation  were  used  in  the  design  of  the  Air  Force  Health  Study  to  match  Ranch 
Hand  participants  with  Comparisons  to  reduce  the  association  between  these  variables  and  group  status. 

It  was  impossible,  however,  to  eliminate  the  possible  confounding  effect  of  these  variables  with  serum 
dioxin  in  Models  2  through  4  through  study  design.  Results  of  tests  of  association  between  age,  race,  and 
military  occupation  and  the  four  estimates  of  dioxin  exposure  are  given  in  Table  8-1. 

Examining  the  association  between  age  and  dioxin  revealed  significant  relations  in  the  unadjusted 
analyses  of  Models  2,  3,  and  4  for  age  in  its  continuous  form  (pcO.OOl  for  each  model).  After  adjusting 
for  military  occupation,  however,  the  association  was  not  significant  in  Models  2  or  4  (p=0.266  and 
p=0.564,  respectively)  but  was  significant  in  Model  3  (p=0.016).  The  highest  mean  age  (60.0  years)  was 
observed  in  the  low  Ranch  Hand  dioxin  category,  and  youngest  average  age  was  observed  for  Ranch 
Hands  in  the  high  dioxin  category,  with  a  mean  age  of  55.8  years. 

Dichotomized  age  (i.e.,  bom  before  1942,  bom  in  or  after  1942)  showed  a  significant  relation  (pcO.OOl) 
with  dioxin  exposure  in  Models  2,  3,  and  4.  When  the  relation  was  adjusted  for  military  occupation, 
however,  it  was  not  significant  in  any  of  these  models  (p>0.07  for  all  three  models). 

Marginally  significant  unadjusted  associations  were  observed  between  race  and  dioxin  levels  in  Models  2 
and  3  (p=0.054  and  p=0.089,  respectively).  The  unadjusted  association  in  Model  4  was  not  significant 
(p=0.587).  These  effects  were  significant  for  Models  2,  3,  and  4,  however,  when  adjusting  for  military 
occupation  (pcO.OOl,  p=0.015,  and  p=0.002,  respectively).  Blacks  had  lower  mean  initial  and  1987 
dioxin  levels  than  did  non-Blacks  in  Models  2  and  4.  In  Model  3,  the  percentage  of  Blacks  varied  among 
Comparisons  (5.8%),  Ranch  Hands  in  the  background  dioxin  category  (5.0%),  Ranch  Hands  in  the  low 
dioxin  category  (9.6%),  and  Ranch  Hands  in  the  high  dioxin  category  (5.4%). 

Similar  to  the  relation  between  age  and  dioxin,  a  significant  association  was  found  between  military 
occupation  and  dioxin  in  Models  2,  3,  and  4  (pcO.OOl  for  each  model).  In  Models  2  and  4,  the  mean 
dioxin  levels  were  lowest  among  officers,  followed  by  enlisted  flyers  and  enlisted  groundcrew.  As 
expected,  the  percentages  of  officers,  enlisted  flyers,  and  enlisted  groundcrew  were  similar  between 
Ranch  Hands  and  Comparisons  in  Model  1  (p=0.302),  but  the  percentages  varied  considerably  among  the 
three  Ranch  Hand  dioxin  categories  in  Model  3.  In  Model  3,  61.4  percent  of  Ranch  Hands  in  the 
background  dioxin  category  were  officers,  but  only  40.2  percent  of  Ranch  Hands  in  the  low  dioxin 
category  and  2.9  percent  of  Ranch  Hands  in  the  high  dioxin  category  were  officers. 
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Table  8-1.  Associations  Between  Matching  Demographic  Variables  (Age,  Race,  and  Military  Occupation)  and  Estimates 
of  Herbicide  or  Dioxin  Exposure 


Model  1 

Model  2 

Covariate 

Ranch  Hand 

Comparison 

p-Value: 

p-Value: 

Initial  Dioxin  (ppt) 

p-Value: 

p-Value: 

Covariate 

JSJ  .Category. 

Mean  or  n  (%) 

Mean  or  n  (#>) 

Unadjusted 

Adjusted8 

Correlation  or  Mean  (n) 

Unadjusted 

Adjusted* 

Age 

n 

870 

1,251 

482 

(continuous) 

(years) 

x  =  58.5 

x  =  58.4 

0.677 

0.924 

r=-0.285 

<0.001 

0.266 

(discrete) 

Born  <1942 

495  (56.9) 

693  (55.4) 

0.522 

0.745 

x=  83.9  (n=250) 

<0.001 

0.075 

Born  >1942 

375  (43.1) 

558  (44.6) 

x  =  144.9  (n=232) 

Race 

n 

870 

1,251 

482 

Black 

55  (6.3) 

73  (5.8) 

0.711 

0.604 

x  =  82.3  (n=36) 

0.054 

<0.001 

Non-Black 

815  (93.7) 

1,178  (94.2) 

x  =  111.7  (n=446) 

Occupation 

n 

870 

1,251 

482 

Officer 

341  (39.2) 

494  (39.5) 

0.302 

- 

x=  50.0  (n=103) 

<0.001 

~ 

Enlisted  Flyer 

151  (17.4) 

187(15.0) 

x  =  97.9  (n=103) 

Enlisted 

Groundcrew 

378  (43.5) 

570  (45.6) 

x=  152.1  (n=276) 
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Table  8-1.  Associations  Between  Matching  Demographic  Variables  (Age,  Race,  and  Military  Occupation)  and  Estimates 
of  Herbicide  or  Dioxin  Exposure  (Continued) 


Model  3 

Covariate 

Covariate 

Category 

Comparison 
Mean  or  n  (%) 

Background 

Ranch  Hand 
Mean  or  n  (%) 

Low 

Ranch  Hand 

Meanorn(%) 

High 

Ranch  Hand 
Mean  or  n  (%) 

p-Value: 

Unadjusted 

p- Value: 
Adjusted* 

Age 

n 

1,213 

381 

239 

243 

(continuous)  (years) 
(discrete) 

Born  <1942 

Born  >1942 

x  =  58.4 

671  (55.3) 

542  (44.7) 

x  =  59.4 

242  (63.5) 

139  (36.5) 

x  =  60.0 

155  (64.9) 

84  (35.1) 

x  =  55.8 

95  (39.1) 

148  (60.9) 

<0.001 

<0.001 

0.016 

0.101 

Race 

n 

Black 

Non-Black 

1,213 

70  (5.8) 
1,143  (94.2) 

381 

19  (5.0) 

362  (95.0) 

239 

23  (9.6) 
216(90.4) 

243 

13  (5.4) 

230  (94.7) 

0.089 

0.015 

Occupation 

n 

Officer 

Enlisted  Flyer 

Enlisted 

Groundcrew 

1,213 

478  (39.4) 
185(15.3) 

550  (45.3) 

381 

234  (61.4) 

48  (12.6) 

99  (26.0) 

239 

96  (40.2) 

51  (21.3) 

92  (38.5) 

243 

7  (2.9) 

52  (21.4) 

184  (75.7) 

<0.001 

- 
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Table  8-1.  Associations  Between  Matching  Demographic  Variables  (Age,  Race,  and  Military  Occupation)  and  Estimates 
of  Herbicide  or  Dioxin  Exposure  (Continued) 


.......  . 

Model  4 

Covariate 

1987  Dioxin  (ppt) 

p-Value: 

p-Value: 

Co  variate 

Category 

Correlation  or  Mean  (n) 

Unadjusted 

Adjusted3 

Age 

n 

863 

(continuous)  (years) 

r=-0.197 

<0.001 

0.564 

(discrete) 

Born  <1942 

x=  11.4  (n=492) 

<0.001 

0.542 

Born  >1942 

x=  18.2  (n=371) 

Race 

n 

863 

Black 

x  =  12.9  (n=55) 

0.587 

0.002 

Non-Black 

x=  14.1  (n=808) 

Occupation 

n 

863 

Officer 

x  =  7.4  (n=337) 

<0.001 

-- 

Enlisted  Flyer 
Enlisted 

x  =  15.4  (n=151) 

Groundcrew 

x  =  23.4  (n=375) 

a  Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l))  scale 
for  1987  dioxin  in  Model  4. 


8.3  ALCOHOL  USE 


Results  of  tests  of  association  between  alcohol  use  and  the  estimates  of  dioxin  exposure  are  shown  in 
Table  8-2.  No  significant  association  was  found  between  dioxin  and  current  alcohol  use  for  Models  2,  3, 
and  4  using  the  discrete  or  the  continuous  form  of  alcohol  use  for  unadjusted  or  adjusted  analyses 
(p>0.19  for  all  analyses).  Model  1  analyses  showed  a  significant  association  between  the  discrete  form 
of  current  alcohol  use  and  group  (p=0.040,  unadjusted;  p=0.037,  adjusted).  A  greater  percentage  of 
Comparisons  than  Ranch  Hands  were  light  and  heavy  current  drinkers  (in  terms  of  drinks  per  day), 
whereas  a  greater  percentage  of  Ranch  Hands  than  Comparisons  were  moderate  current  drinkers. 

The  adjusted  and  unadjusted  associations  between  lifetime  alcohol  history  and  dioxin  exposure  were  not 
significant  in  Models  1, 3,  and  4  for  either  the  continuous  or  discrete  forms  of  alcohol  history.  Model  2 
showed  a  significant  association  between  lifetime  alcohol  history  and  initial  dioxin  in  the  adjusted  model 
of  the  continuous  form  (p=0.041)  and  a  marginally  significant  association  with  the  discrete  form 
(p=0.078). 

Statistically  significant  and  marginally  significant  associations  were  found  in  the  unadjusted  analysis  of 
dioxin  and  current  wine  use  for  Model  2  (p=0.038,  continuous;  p=0.004,  discrete),  Model  3  (pcO.OOl  for 
both  continuous  and  discrete),  and  Model  4  (pcO.OOl  for  both  continuous  and  discrete).  None  of  these 
associations,  however,  was  significant  when  the  models  were  adjusted  for  military  occupation  (p>0.63 
for  all  analyses). 

Lifetime  wine  history,  in  the  continuous  form,  differed  significantly  between  Ranch  Hands  and 
Comparisons  (p=0.028,  unadjusted;  p=0.022,  adjusted  for  military  occupation)  and  was  marginally 
significant  in  the  discrete  form  (p=0.082,  unadjusted).  Ranch  Hands  had  a  higher  mean  wine-years  than 
Comparisons  (3.86  wine-years  vs.  3.03  wine-years),  but  a  greater  percentage  of  Comparisons  than  Ranch 
Hands  (73.4%  vs.  69.9%)  had  a  history  of  wine  use.  Lifetime  wine  history  showed  significant  inverse 
associations  with  dioxin  in  the  unadjusted  Model  2  (p<0.001  for  continuous  and  discrete  forms)  and 
Model  4  (pcO.OOl  for  continuous  and  discrete  forms)  analyses.  When  adjusting  for  military  occupation, 
the  associations  between  lifetime  wine  history  and  dioxin  levels  were  no  longer  statistically  significant 
(p>0.12  for  all  analyses).  In  Model  3,  the  unadjusted  association  between  lifetime  wine  history  and 
dioxin  levels  was  significant  (pcO.OOl  for  the  continuous  and  discrete  forms  of  lifetime  wine  history). 
These  results  were  marginally  significant  when  adjusting  for  military  occupation  (p=0.076,  continuous; 
p=0.061,  discrete).  The  mean  wine-years  for  Comparisons,  Ranch  Hands  in  the  background  dioxin 
category.  Ranch  Hands  in  the  low  dioxin  category,  and  Ranch  Hands  in  the  high  dioxin  category  for 
Model  3  were  3.07, 4.80, 4.55,  and  1.73,  respectively. 


8.4  CIGARETTE  SMOKING 

Results  of  tests  of  association  between  cigarette  smoking  and  the  estimates  of  dioxin  exposure  are  given 
in  Table  8-3.  No  significant  associations  were  observed  between  both  current  or  lifetime  cigarette 
smoking  and  group  in  Model  1  for  adjusted  or  unadjusted  analyses  (p>0.31  for  all  analyses).  No 
significant  associations  between  the  cigarette  smoking  covariates  and  initial  dioxin  were  observed  in 
Model  2  analyses  (p>0.20  for  all  analyses).  In  Models  3  and  4,  the  unadjusted  analyses  showed  no 
significant  association  between  dioxin  levels  and  current  cigarette  smoking  or  lifetime  smoking  habits 
(p>0.17  for  all  analyses);  however,  when  adjusting  for  military  occupation  in  Model  4,  both  the 
continuous  and  discrete  forms  of  current  and  lifetime  smoking  showed  significant  associations  with  1987 
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Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure 


Model  1 

. V  :  '  '•  •  • 

■•  ■■■  -i  . , . 

Model  2  : 

Covariate 

Covariate 

Category 

Ranch  Hand 

Mean  or  n  (%) 

Comparison 
Mean  or  n  (%) 

p- Value: 
Unadjusted 

p-Value: 

Adjusted4 

Initial  Dioxin  (ppt) 
Correlation  or  Mean  (n)  V 

.  p-Value: 
Unadjusted 

p-VaJiie: 

Adjusted4 

Current  Alcohol  Use 
(drinks/day) 

n 

869 

1,251 

482 

(continuous) 

x  =  0.68 

x  =  0.72 

0.553 

0.515 

r=-0.058 

(discrete) 

0-1 

684  (78.7) 

1,015(81.1) 

0.040 

0.037 

x  =  1 1 1.5  (n=385) 

0.853 

>1-4 

170(19.6) 

201  (16.1) 

x=  100.4  (n=89) 

>4 

15  (1.7) 

35  (2.8) 

x  =  98.8  (n=8) 

Lifetime  Alcohol 
History  (drink-years) 

n 

864 

1,249 

479 

(continuous) 

x  =  36.9 

x  =  37.0 

0.970 

0.918 

r=0.074 

0.104 

0.041 

(discrete) 

0 

54  (6.3) 

64  (5.1) 

0.393 

0.349 

x=  143.2  (n=34) 

0.198 

>0-40 

568  (65.7) 

811  (64.9) 

x=  106.8  (n=307) 

>40 

242  (28.0) 

374  (29.9) 

x=  106.8  (n=138) 
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Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


■ ... ,  ,  , 

Model  1 

Model  2 

Co  variate 

Covariate 

Category 

Ranch  Hand 

Mean  or  n  (%) 

Comparison 
Mean  or  n  (%) 

p-Value: 

Unadjusted 

p-Value: 

Adjusted8 

Initial  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p- Value: 
Unadjusted 

p-Vaiue: 

Adjusted3 

Current  Wine  Use 
(drinks/day) 

n 

869 

1,251 

482 

(continuous) 

x  =  0.15 

x  =  0.14 

0.297 

0.267 

r=-0.095 

0.038 

0.701 

(discrete) 

0 

503  (57.9) 

717(57.3) 

0.829 

0.793 

x=  119.0  (n=316) 

0.004 

0.895 

>0 

366  (42.1) 

534  (42.7) 

x  =  92.6  (n=166) 

Lifetime  Wine 

History  (wine-years) 

n 

866 

1,249 

480 

(continuous) 

x  =  3.86 

x  =  3.03 

0.028 

0.022 

r=-0.159 

<0.001 

0.121 

(discrete) 

0 

261  (30.1) 

332  (26.6) 

0.082 

0.056 

x  =  133.1  (n=166) 

<0.001 

0.265 

>0 

605  (69.9) 

917  (73.4) 

x  =  98.3  (n=314) 
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Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Model  3 


Covanate 

Covariate 

Category 

Comparison 
Mean  or  n  {%) 

Background 
Ranch  Hand 

Mean  or  n  {%) 

Low 

Ranch  Hand 

Mean  or  n(  %  ) 

High 

Ranch  Hand 

Mean  or  n  (%) 

p-Value: 

Unadjusted 

p*  Value: 
Adjusted3 

Current  Alcohol  Use 

(drinks/day) 

n 

1,213 

380 

239 

243 

(continuous) 

x  =  0.72 

x  =  0.73 

x  =  0.66 

x  =  0.59 

0.570 

0.862 

(discrete) 

0-1 

985  (81.2) 

296  (77.9) 

189  (79.1) 

196  (80.7) 

0.279 

0.252 

>1-4 

194  (16.0) 

78  (20.5) 

46(19.3) 

43  (17.7) 

>4 

34  (2.8) 

6  (1.6) 

4  (1.7) 

4  (1.7) 

Lifetime  Alcohol 

History  (drink-years) 

n 

1,212 

378 

238 

241 

(continuous) 

x  =  37.1 

x  =  34.7 

x  -  35.6 

x  =  40.3 

0.602 

0.808 

(discrete) 

0 

62  (5.1) 

20  (5.3) 

13  (5.5) 

21  (8.7) 

0.338 

0.458 

>0-40 

786  (64.9) 

258  (68.3) 

155  (65.1) 

152  (63.1) 

>40 

364  (30.0) 

100  (26.5) 

70  (29.4) 

68  (28.2) 

Current  Wine  Use 

(drinks/day) 

n 

1,213 

380 

239 

243 

(continuous) 

x  =  0.14 

x  =  0.21 

x  =  0.15 

x  =  0.07 

<0.001 

0.756 

(discrete) 

0 

694  (57.2) 

184  (48.4) 

143  (59.8) 

173  (71.2) 

<0.001 

0.803 

>0 

519(42.8) 

196  (51.6) 

96  (40.2) 

70  (28.8) 

Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Lifetime  Wine  History 

(wine-years)  n  1,212  379  238  242 


(continuous)  x  =  3.07  x  =  4.80  x  =  4.55  x=  1.73  <0.001  0.076 

(discrete)  0  320(26.4)  93(24.5)  76(31.9)  90(37.2)  <0.001  0.061 


oo 
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Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Covariate 

Covariate 

Category 

Model  4 

1987  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p-Value: 

Unadjusted 

p-Value: 

Adjusted2 

Current  Alcohol  Use  (drinks/day) 

n 

862 

(continuous) 

r=-0.044 

0.197 

0.920 

(discrete) 

0-1 

x=  14.3  (n=681) 

0.497 

0.932 

>1-4 

x=  12.8  (n=167) 

>4 

x  =  13.4  (n=14) 

Lifetime  Alcohol  History  (drink-years) 

n 

857 

(continuous) 

r=0.053 

0.122 

0.237 

(discrete) 

0 

x  =  17.8  (n=54) 

0.223 

0.353 

>0-40 

x  =  13.6  (n=565) 

>40 

x=  14.1  (n=238) 

Current  Wine  Use  (drinks/day) 

n 

862 

(continuous) 

r=-0.126 

<0.001 

0.741 

(discrete) 

0 

x  =  16.5  (n=500) 

<0.001 

0.631 

>0 

x=  11.2  (n-362) 
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Table  8-2.  Associations  Between  Alcohol  Use  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Covariate 

Covariate 

Category 

Model  4 

1987  Dioxin  (ppt) 

Correlation  or  Mean  (n) 

p-Value: 

Unadjusted 

p~  Value: 

Adjasted" 

Lifetime  Wine  History  (wine-years) 

n 

859 

(continuous) 

r=— 0.1 18 

<0.001 

0.616 

(discrete) 

0 

x  =  17.6  (n=259) 

<0.001 

0.566 

>0 

x=  12.6  (n=600) 

a  Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l))  scale 
for  1987  dioxin  in  Model  4. 
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Table  8-3.  Associations  Between  Cigarette  Smoking  and  Estimates  of  Herbicide  or  Dioxin  Exposure 


Model  1 

•  ,  •  -  :•  ",  - 

■  ■ 

;  M(>del  2 

CoVairiate 

Ranch  Hand 

Comparison 

*  p-Value: 

p-Value: 

Initial  Dioxin  (ppt) 

p-Value: 

p-Value: 

Covariate 

Category 

Mean  or  n  (%) 

Mean  or  n  (%) 

Unadjusted 

Adjusted3 

Correlation  or  Mean  (n) 

Lnadjusted 

Adjusted3 

Current  Cigarette 

Smoking 

(cigarettes/day) 

n 

869 

1,251 

482 

(continuous) 

it 

l  x 

x  =  4.0 

0.311 

0.325 

r=0.045 

0.328 

0.450 

(discrete) 

0  (Never 
Smoked) 

240  (27.6) 

355  (28.4) 

0.829 

0.826 

x=  110.9  (n=131) 

0.775 

0.388 

0  (Former 
Smoker) 

453  (52.1) 

663  (53.0) 

x  =  105.2  (n=252) 

0-20 

117(13.5) 

155(12.4) 

x=  117.8  (n=64) 

>20 

59  (6.8) 

78  (6.2) 

x=  117.2  (n=35) 

Lifetime  Cigarette 

Smoking) 

(pack-years) 

n 

868 

1,250 

481 

(continuous) 

x=  17.3 

x  =  16.5 

0.434 

0.519 

r=-0.040 

0.377 

0.203 

(discrete) 

0 

240  (27.7) 

355  (28.4) 

0.886 

0.869 

x=  110.9  (n=131) 

0.498 

0.203 

>0-10 

233  (26.8) 

325  (26.0) 

x  —  117.2  (n=129) 

>10 

395  (45.5) 

570  (45.6) 

x=  104.1  (n=221) 

8-14 


Table  8-3.  Associations  Between  Cigarette  Smoking  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Model  3 

Background 

JlJJ  Low 1  JJJj 

High  ffe 

JSSSS  Covariate  ,  '  t 

Comparison 

Ranch  Hand 

Ranch  Hand 

J  Ranch  Hand 

p-Value: 

p- Value: 

Covariate 

Category 

Mean  or  n  (%) 

Meanor  n(%) 

Mean  or  n(%) 

Mean  or  n  (%) 

tfi^djusfed 

Adjusted3 

Current  Cigarette 

Smoking  (cigarettes/day) 

n 

1,213 

380 

239 

243 

(continuous) 

x  =  3.98 

x  =  4.43 

x  =  4.04 

x  =  4.96 

0.518 

0.047 

(discrete) 

0  (Never  Smoked) 

344  (28.4) 

106  (27.9) 

65  (27.2) 

66  (27.2) 

0.835 

0.090 

0  (Former  Smoker) 

644  (53.1) 

198  (52.1) 

131  (54.8) 

121  (49.8) 

0-20 

152(12.5) 

52(13.7) 

25  (10.5) 

39(16.1) 

>20 

73  (6.0) 

24  (6.3) 

18  (7.5) 

17  (7.0) 

Lifetime  Cigarette 
Smoking  (pack-years) 

n 

1,212 

380 

238 

243 

(continuous) 

x=  16.4 

x  =  16.1 

x=  19.7 

x=  17.0 

0.172 

0.156 

(discrete) 

0 

344  (28.4) 

106  (27.9) 

65  (27.3) 

66  (27.2) 

0.767 

0.067 

>0-10 

315(26.0) 

102  (26.8) 

56  (23.5) 

73  (30.0) 

>10 

553  (45.6) 

172  (45.3) 

117(49.2) 

104  (42.8) 
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Table  8-3.  Associations  Between  Cigarette  Smoking  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


'  Model  4 

Covariate 

Covariate 

Category 

1987  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p-Value; 

Unadjusted 

p- Value: 

Current  Cigarette  Smoking  (cigarettes/day) 
(continuous) 

n 

862 

r=-0.014 

0.679 

<0.001 

(discrete) 

0  (Never  Smoked) 

x  =  14.5  (n=237) 

0.889 

<0.001 

0  (Former  Smoker) 

x  =  13.9  (n=450) 

0-20 

x=  13.2  (n=l  16) 

>20 

x  =  14.2  (n=59) 

Lifetime  Cigarette  Smoking  (pack-years) 
(continuous) 

n 

861 

r=-0.006 

0.861 

0.039 

(discrete) 

0 

x  =  14.5  (n=237) 

0.434 

<0.001 

>0-10 

x=  14.8  (n=231) 

>10 

x  =  13.3  (n=393) 

a  Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+ 1 ))  scale  for 
1987  dioxin  in  Model  4. 


dioxin  (p=0.039  for  lifetime  cigarette  smoking  in  its  continuous  form;  p<0.001  for  all  other  analyses). 
The  mean  1987  dioxin  for  those  participants  with  more  than  10  pack-years  was  lower  (13.3  ppt)  than 
participants  with  no  smoking  history  (14.5  ppt)  or  smokers  with  no  more  than  10  pack-years  (14.8  ppt). 
The  adjusted  analysis  of  Model  3  showed  marginally  significant  results  for  the  discrete  forms  of  current 
smoking  habits  (p=0.090)  and  lifetime  smoking  history  (p=0.067). 


8.5  EXPOSURE  TO  CARCINOGENS 

Results  of  tests  of  association  between  reported  exposure  to  ionizing  radiation,  industrial  chemicals, 
herbicides,  insecticides,  and  degreasing  chemicals  and  the  estimates  of  dioxin  exposure  are  presented  in 
Table  8-4.  These  variables  were  constructed  based  on  responses  given  by  participants  and  were  intended 
to  indicate  only  post-Southeast  Asia  (SEA)  exposures  to  these  suspected  carcinogens. 

The  association  between  reported  degreasing  chemical  exposure  and  dioxin  was  significant  in  the 
analysis  of  Models  2,  3,  and  4  (p<0.001  for  each  model);  however,  after  adjusting  for  military 
occupation,  the  association  between  reported  degreasing  chemical  exposure  and  dioxin  levels  was  not 
significant  in  any  of  those  three  models  (p>0.27  for  all  analyses). 

Significant  associations  between  group  or  dioxin  levels  and  reported  exposure  to  herbicides  were 
revealed  in  Models  1,  3,  and  4  (p<0.001,  p<0.001,  p=0.013,  respectively).  These  associations  were 
significant  after  adjustment  for  military  occupation  (p<0.001  for  all  analyses).  In  Model  1,  more  Ranch 
Hands  (96.9%)  than  Comparisons  (40.9%)  reported  herbicide  exposure.  Model  3  analyses  showed  a 
similar  relation  between  Ranch  Hands  and  Comparisons.  In  Model  4,  Ranch  Hands  who  reported 
exposure  to  herbicides  had  a  mean  1987  dioxin  level  of  14.2  ppt,  as  compared  to  a  mean  1987  dioxin 
level  of  8.2  ppt  for  Ranch  Hands  who  did  not  report  exposure  to  herbicides.  In  Model  2,  unadjusted  and 
adjusted  analysis  showed  no  significant  association  between  reported  herbicide  exposure  and  initial 
dioxin  levels  (p>0.39  for  both  analyses). 

The  association  between  industrial  chemical  exposure  and  dioxin  was  significant  in  the  analysis  of 
Models  2,  3,  and  4  (p=0.030  for  Model  2  and  p<0.001  for  Models  3  and  4);  however,  after  adjusting  for 
military  occupation,  these  associations  were  no  longer  significant  (p>0.46  for  all  analyses).  Participants 
who  reported  exposure  to  industrial  chemicals  had  higher  mean  dioxin  levels  in  Models  2  and  4  than 
those  participants  who  did  not  report  exposure.  In  Model  3,  the  percentage  of  Ranch  Hands  reporting 
exposure  to  industrial  chemicals  increased  with  increasing  dioxin  levels.  For  Ranch  Hands  in  the 
background  dioxin  category,  52.5  percent  of  participants  reported  exposure  to  industrial  chemicals.  For 
Ranch  Hands  in  the  low  dioxin  category,  65.7  percent  reported  exposure  to  industrial  chemicals.  For 
Ranch  Hands  in  the  high  dioxin  category,  74.5  percent  reported  exposure  to  industrial  chemicals. 

Significant  associations  were  observed  between  insecticide  exposure  and  group  in  Model  1  (p<0.001, 
unadjusted  and  adjusted),  as  well  as  between  insecticide  exposure  and  categorized  dioxin  in  Model  3 
(p<0.001,  unadjusted  and  adjusted).  In  Model  1,  80.5  percent  of  Ranch  Hands  and  63.9  percent  of 
Comparisons  were  exposed  to  insecticides.  In  Model  3,  the  percentage  of  participants  exposed  to 
insecticides  was  64.0  among  Comparisons,  79.5  among  Ranch  Hands  in  the  background  dioxin  category, 
82.0  among  Ranch  Hands  in  the  low  dioxin  category,  and  80.3  among  Ranch  Hands  in  the  high  dioxin 
category. 
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Table  8-4.  Associations  Between  Exposure  to  Carcinogens  and  Estimates  of  Herbicide  or  Dioxin  Exposure 


Model  1 

hmi 

Mode!  2 

Covariate 

Covariate 

Category 

Ranch  Hand 

Mean  or  n  (%) 

Comparison 
Mean  or  n  (%) 

p-Vali?e: 

Unadjusted 

p- Value: 
Adjusted3 

Initial  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p-Valne: 

Unadjusted 

p-Valne: 

Adjusted4 

Degreasing 

Chemical  Exposure 

n 

870 

1,251 

482 

Yes 

571  (65.6) 

795  (63.6) 

0.348 

0.299 

x=  120.3  (n=360) 

<0.001 

0.922 

No 

299  (34.4) 

456  (36.5) 

x  =  81.9  (n=122) 

Herbicide  Exposure 

n 

870 

1,251 

482 

Yes 

843  (96.9) 

511  (40.9) 

<0.001 

<0.001 

x=  108.7  (n=474) 

0.399 

0.781 

No 

27  (3.1) 

740  (59.2) 

x=  143.1  (n=8) 

Industrial  Chemical 
Exposure 

n 

870 

1,251 

482 

Yes 

541  (62.2) 

776  (62.0) 

0.979 

0.934 

x=  115.8  (n=338) 

0.030 

0.605 

No 

329  (37.8) 

475  (38.0) 

x  =  95.0  (n=144) 

Insecticide  Exposure 

n 

870 

1,251 

482 

Yes 

700  (80.5) 

799  (63.9) 

<0.001 

<0.001 

x=  106.6  (n=391) 

0.231 

0.162 

No 

170(19.5) 

452  (36.1) 

x=  121.0  (n=91) 

Table  8-4.  Associations  Between  Exposure  to  Carcinogens  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Model! 

■  ■  .  ■  ..  . 

Model  2 

Covariate 

Ranch  Hand 

Comparison 

p-Value: 

p- Value: 

Initial  Dioxin  (ppt) 

p-Vadtie: 

p-Value: 

Coyariate 

Category 

Mean  or  n  (%) 

Mean  or  n  (%) 

Unadjusted 

Adjusted3 

Correlation  or  Mean  (n) 

Unadjusted 

Adjusted11 

Ionizing  Radiation 
Exposure 

n 

870 

1,251 

482 

Yes 

194  (22.3) 

344  (27.5) 

0.008 

0.005 

x  =  96.5  (n=109) 

0.108 

0.280 

No 

676  (77.7) 

907  (72.5) 

x=  113.2  (n=373) 
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Table  8-4.  Associations  Between  Exposure  to  Carcinogens  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


■■■  Model  3 

Background 

Low 

High 

Covariate 

Comparison 

Ranch  Hand 

Ranch  Hand 

Ranch  Hand 

p- Value  . 

p-Value: 

Covariate 

Category 

Mean  or  n  (%) 

Mean  or  n  (%) 

Mean  orn(%) 

Meanorn(%) 

Unadjusted 

,  Adjusted4 

Degreasing  Chemical 
Exposure 

n 

1,213 

381 

239 

243 

Yes 

780  (64.3) 

209  (54.9) 

158  (66.1) 

202  (83.1) 

<0.001 

0.310 

No 

433  (35.7) 

172  (45.1) 

81  (33.9) 

41  (16.9) 

Herbicide  Exposure 

n 

1,213 

381 

239 

243 

Yes 

500  (41.2) 

363  (95.3) 

236  (98.7) 

238  (97.9) 

<0.001 

<0.001 

No 

713(58.8) 

18  (4.7) 

3  (1.3) 

5  (2.1) 

Industrial  Chemical 
Exposure 

n 

1,213 

381 

239 

243 

Yes 

758  (62.5) 

200  (52.5) 

157  (65.7) 

181  (74.5) 

<0.001 

0.465 

No 

455  (37.5) 

181  (47.5) 

82  (34.3) 

62  (25.5) 

Insecticide  Exposure 

n 

1,213 

381 

239 

243 

Yes 

776  (64.0) 

303  (79.5) 

196  (82.0) 

195  (80.3) 

<0.001 

<0.001 

No 

437  (36.0) 

78  (20.5) 

43  (18.0) 

48(19.8) 

Ionizing  Radiation 
Exposure 

n 

1,213 

381 

239 

243 

Yes 

334  (27.5) 

82  (21.5) 

63  (26.4) 

46(18.9) 

0.010 

0.013 

No 

879  (72.5) 

299  (78.5) 

176  (73.6) 

197  (81.1) 
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Table  8-4.  Associations  Between  Exposure  to  Carcinogens  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Model  4 

;  '  ■' :  .  ;  ■  ;  ,  . 

Covariate 

1987  Dioxin  (ppt) 

p-Valuc: 

p-Value: 

Category 

Correlation  or  Mean  (n) 

Unadjusted 

Adjusted3 

Degreasing  Chemical  Exposure 

n 

863 

Yes 

x  =  16.9  (n=569) 

No 

x  =  9.6  (n=294) 

Herbicide  Exposure 

n 

863 

Yes 

x  =  14.2  (n=837) 

No 

1  =  8.2  (n=26) 

Industrial  Chemical  Exposure 

n 

863 

Yes 

x=  16.3  (n=538) 

No 

x  =  10.8  (n=325) 

Insecticide  Exposure 

n 

863 

Yes 

x  =  14.0  (n=694) 

No 

x=  14.0  (n=169) 

<0.001 


0.013 


<0.001 


0.279 


<0.001 


0.633 


0.967 


0.583 


Table  8-4.  Associations  Between  Exposure  to  Carcinogens  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
( Continued ) 


Covariate 

Model  4 

Covariate 

Category 

1987  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p- Value: 

Unadjusted 

p-Value: 

Adjusted3 

Ionizing  Radiation  Exposure 

n 

863 

Yes 

x=  12.9  (n=191) 

0.261 

0.546 

No 

x  =  14.3  (n=672) 

“Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l))  scale 
for  1987  dioxin  in  Model  4. 


The  Models  1  and  3  analyses  showed  significant  associations  between  group  and  exposure  to  ionizing 
radiation  for  unadjusted  and  adjusted  analysis.  A  significant  difference  between  the  percentage  of 
participants  who  have  been  exposed  to  ionizing  radiation  was  seen  between  Ranch  Hands  (22.3%)  and 
Comparisons  (27.5%)  in  Model  1  (p=0.008,  unadjusted;  p=0.005,  adjusted).  In  Model  3,  a  significant 
difference  in  the  percentage  of  participants  who  were  exposed  to  ionizing  radiation  was  seen  among 
Comparisons  (27.5%),  Ranch  Hands  in  the  background  dioxin  category  (21.5%),  Ranch  Hands  in  the  low 
dioxin  category  (26.4%),  and  Ranch  Hands  in  the  high  dioxin  category  (18.9%)  (p=0.010,  unadjusted; 
p=0.013,  adjusted,  for  military  occupation).  No  significant  associations  were  seen  between  mean  initial 
or  1987  dioxin  levels  and  ionizing  radiation  exposure  in  Models  2  and  4  in  the  adjusted  or  unadjusted 
models  (p>0.10  for  all  analyses). 


8.6  HEALTH  VARIABLES 

Results  of  tests  of  association  between  numerous  measures  related  to  a  participant’s  health  and  the 
estimates  of  dioxin  exposure  are  presented  in  Table  8-5.  In  Model  1  analyses,  both  unadjusted  and 
adjusted  for  military  occupation,  all  associations  between  health  variables  and  group  were  nonsignificant 
(p>0.22  for  all  analyses). 

Statistically  significant  associations  were  found  between  the  continuous  and  discrete  forms  of  the  body 
fat  measurement  and  dioxin  for  Model  3  (p<0.001)  and  Model  4  (pcO.OOl)  for  both  unadjusted  and 
adjusted  analyses.  In  Model  3,  the  mean  body  fat  was  22.9  percent  for  Comparisons,  21.2  percent  for 
Ranch  Hands  in  the  background  dioxin  category,  23.8  percent  for  Ranch  Hands  in  the  low  dioxin 
category,  and  24.3  percent  for  Ranch  Hands  in  the  high  dioxin  category.  The  association  between  body 
fat  and  1987  dioxin  was  positive.  For  the  continuous  form  of  the  body  fat  measurement,  the  unadjusted 
Model  2  analysis  showed  no  significant  association  with  initial  dioxin  (p=0.106);  however,  the  results 
adjusted  for  military  occupation  were  statistically  significant  (p=0.048),  with  a  positive  association 
between  body  fat  and  initial  dioxin. 

The  association  between  the  continuous  form  of  cholesterol  and  initial  dioxin  was  significant  for  Model  2 
in  the  unadjusted  analysis  (p=0.005)  and  in  the  analysis  adjusted  for  military  occupation  (p=0.042). 
Cholesterol  increased  as  initial  dioxin  increased.  The  association  between  cholesterol  and  dioxin  levels 
was  significant  or  marginally  significant  in  both  the  continuous  and  discrete  forms  for  Models  3  and  4. 
When  the  analysis  was  adjusted  for  military  occupation,  the  association  was  no  longer  significant  in 
Model  3  (p=0.176,  continuous;  p=0.293,  discrete).  The  positive  association  between  cholesterol  and 
1987  dioxin  based  on  the  adjusted  Model  4  analysis  was  marginally  significant  for  the  continuous  form 
of  cholesterol  (p=0.099)  and  nonsignificant  for  the  discrete  form  of  Model  4  (p=0.446). 

High-density  lipoprotein  (HDL)  cholesterol  in  its  continuous  form  showed  significant  or  marginally 
significant  associations  with  dioxin  in  Model  2  (p=0.065),  Model  3  (p=0.002),  and  Model  4  (pcO.OOl). 
When  adjusting  for  military  occupation,  the  association  became  nonsignificant  in  Model  2  (p=0.274)  and 
Model  3  (p=0.188).  The  adjusted  association  remained  significant  in  Model  4  (p=0.013),  with  HDL 
levels  decreasing  as  the  mean  dioxin  levels  increased.  Stratifying  participants  into  less  than  or  equal  to 
35  mg/dl  HDL  or  greater  than  35  mg/dl  HDL  revealed  no  significant  associations  with  dioxin  levels  in 
Models  2  through  4  for  the  adjusted  or  unadjusted  analyses  (p>0.18  for  all  analyses). 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure 


m 

iffPf wm 

iiiiiiliiliiill 

mnni 

liiif-' 

•  mi  i 

Oil 

aSSni . 

Body  Fat 
(percent) 

n 

870 

1,251 

482 

(continuous) 

Lean  or 
Normal 

x  =  22.8 

x  =  23.0 

0.544 

0.580 

r=0.074 

0.106 

0.048 

(discrete) 

(<25%) 

626  (72.0) 

875  (69.9) 

0.338 

x=  109.2  (n=3 14) 

0.989 

0.952 

Obese 

(>25%) 

244  (28.0) 

376  (30.1) 

x=  109.1  (n=168) 

Cholesterol 

(mg/dl) 

n 

870 

1,251 

482 

(continuous) 

x  =  212.6 

x  =  213.2 

0.705 

r=0.129 

0.005 

0.042 

(discrete) 

0-200 

336  (38.6) 

467  (37.3) 

x=  100.3  (n=175) 

0.211 

0.520 

>200-239 

345  (39.7) 

516(41.3) 

x=  110.5  (n=190) 

>239 

189  (21.7) 

268  (21.4) 

x=  121.4  (n=l  17) 

HDL  (mg/dl) 

n 

869 

1,250 

481 

(continuous) 

x  =  46.6 

x  =  46.4 

r=-0.084 

0.065 

0.274 

(discrete) 

0-35 

164(18.9) 

210(16.8) 

x=  108.2  (n=100) 

0.898 

0.270 

>35 

705  (81.1) 

1,040  (83.2) 

x=  109.7  (n=381) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


gg  ;  \  Model  1 

Co  variate  ' 

;  V  Covariate 
Category  ' 

Rauch  Hand 
Mean  or  n  (%) 

’MJnaSjustedl : 

Adjusted2 

Initial  Dioxin  (ppt) 

or  Mean  (n) 

p-Valner 

Unadjusted 

•C^ijusjte'd|cg 

Cholesterol- 
HDL  Ratio 

n 

869 

1,250 

481 

(continuous) 

x  =  4.85 

x  =  4.85 

0.961 

0.945 

r=0.143 

0.002 

0.100 

(discrete) 

0-5 

510(58.7) 

738  (59.0) 

0.907 

0.847 

x  =  95.5  (n=263) 

<0.001 

0.038 

>5 

359(41.3) 

512(41.0) 

x  =  128.8  (n=218) 

Physical 

Activity  Index 

n 

864 

1,243 

480 

Sedentary 

475  (55.0) 

646  (52.0) 

0.256 

0.265 

x=  121.1  (n=268) 

0.001 

0.022 

Moderate 

157  (18.2) 

259  (20.8) 

x=  115.3  (n=86) 

Very  Active 

232  (26.9) 

338  (27.2) 

x  =  84.5  (n=126) 

Diabetic  Classb 

n 

861 

1,233 

0.997 

0.999 

477 

0.135 

0.004 

Normal 

601  (69.8) 

862  (69.9) 

x  =  106.5  (n=303) 

Impaired 

113(13.1) 

161  (13.1) 

x  =  98.4  (n=66) 

Diabetic 

147  (17.1) 

210  (17.0) 

x  =  127.0  (n=108) 

Family  History 
of  Diabetes 

n 

863 

1,239 

478 

Yes 

221  (25.6) 

338  (27.3) 

0.422 

0.387 

x  =  116.4  (n=133) 

0.368 

0.353 

No 

642  (74.4) 

901  (72.7) 

x=  107.0  (n=345) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


mimmmmmmMmsmmmm 

§§l  i  11  '  - 

k 

n 

Mi 

?  ■  *"1, "  vv'-i 

v'  : 

■k'-«  1 

iSPpipl 

1 

Family  History 
of  Heart 

Disease 

n 

860 

1,245 

477 

Yes 

526  (61.2) 

756  (60.7) 

0.875 

0.812 

x*  111.6  (n=292) 

0.599 

0.429 

No 

334  (38.8) 

489  (39.3) 

x=  106.7  (n=185) 

Family  History 
of  Heart 

Disease  Before 
Age  45 

n 

848 

1,229 

471 

Yes 

107  (12.6) 

146(11.9) 

0.662 

0.617 

x=  124.2  (n=63) 

0.266 

0.876 

No 

741  (87.4) 

1,083  (88.1) 

x  =  108.2  (n=408) 

Currently 

Taking  Blood 

Pressure 

Medication 

n 

870 

1,251 

482 

Yes 

265  (30.5) 

364  (29.1) 

0.530 

0.544 

x=  107.1  (n=161) 

.  0.748 

0.838 

No 

605  (69.5) 

887  (70.9) 

x=  110.2  (n=321) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


l-  J  1  f 

ill  Ippil  WM 
. . . 

.  ~  \  :v  .r  ;  *  '  --'V 

T’Yi  &> i '$ Vi" i| 

‘.HV'V?!  fv»  e  f  s® 

/.  ;  ;  •  -  .  .  .  ■ 

SV{:  •:  j;  i  jtnTi 

«i 

iiiiii 

. lilMiil 

.  •  \  •  '  *  : 

1 

Body  Fat 
(percent) 

n 

1,213 

381 

239 

243 

(continuous) 

Lean  or  Normal 

x  =  22.9 

x  =  21.2 

x  =  23.8 

x  =  24.3 

<0.001 

<0.001 

(discrete) 

(<25%) 

852  (70.2) 

308  (80.8) 

154  (64.4) 

160  (65.8) 

<0.001 

<0.001 

Obese  (>25%) 

361  (29.8) 

73  (19.2) 

85  (35.6) 

83  (34.2) 

Cholesterol 

(mg/dl) 

n 

1,213 

381 

239 

243 

(continuous) 

x  =  213.2 

x  =  210.4 

x  =  210.3 

x  =  218.4 

0.045 

0.176 

(discrete) 

0-200 

451  (37.2) 

159(41.7) 

94  (39.3) 

81  (33.3) 

0.097 

0.293 

>200-239 

502(41.4) 

151  (39.6) 

97  (40.6) 

93  (38.3) 

>239 

260  (21.4) 

71  (18.6) 

48  (20.1) 

69  (28.4) 

HDL  (mg/dl) 

n 

1,212 

381 

238 

243 

(continuous) 

x  =  46.3 

x  =  48.0 

x  =  46.8 

x  =  44. 1 

0.002 

0.188 

(discrete) 

0-35 

207(17.1) 

62(16.3) 

49  (20.6) 

51  (21.0) 

0.262 

0.585 

>35. 

1,005  (82.9) 

319(83.7) 

189  (79.4) 

192  (79.0) 

Cholesterol- 
HDL  Ratio 

n 

1,212 

381 

238 

243 

(continuous) 

x  =  4.86 

x  =  4.68 

x  =  4.77 

x  =  5.18 

<0.001 

0.103 

(discrete) 

0-5 

713(58.8) 

244  (64.0) 

152  (63.9) 

111  (45.7) 

<0.001 

0.028 

>5 

499  (41.2) 

137  (36.0) 

86(36.1) 

132  (54.3) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Physical 

Activity  Index  n  1,205  377  238  242 


Sedentary 

Moderate 

Very  Active 

623  (51.7) 

255  (21.2) 

327  (27.1) 

200(53.1) 

71  (18.8) 

106  (28.1) 

121  (50.8) 

41  (17.2) 

76  (31.9) 

147  (60.7) 

45  (18.6) 

50  (20.7) 

0.075 

0.309 

Diabetic  Classb 

n 

Normal 

Impaired 

Diabetic 

1,196 

841  (70.3) 

155  (13.0) 
200(16.7) 

379 

295(77.8) 

47  (12.4) 

37  (9.8) 

236 

151  (64.0) 

35  (14.8) 

50  (21.2) 

241 

152  (63.1) 

31  (12.9) 

58  (24.1) 

<0.001 

<0.001 

Family  History 
of  Diabetes 

n 

Yes 

No 

1,201 

321  (26.7) 

880  (73.3) 

378 

87  (23.0) 

291  (77.0) 

236 

58  (24.6) 

178  (75.4) 

242 

75  (31.0) 

167  (69.0) 

0.149 

0.761 

Family  History 
of  Heart 

Disease 

n 

Yes 

No 

1,207 

729  (60.4) 

478  (39.6) 

376 

230  (61.2) 

146  (38.8) 

235 

141  (60.0) 

94  (40.0) 

242 

151  (62.4) 

91  (37.6) 

0.936 

0.565 

Family  History 
of  Heart 

Disease  Before 
Age  45 

n 

1,192 

370 

230 

241 

Yes  137(11.5)  44(11.9)  24(10.4)  39(16.2)  0.186  0.444 

No  1,055(88.5)  326(88.1)  206(89.6)  202(83.8) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 
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llllllill 

Currently 

Taking  Blood 

Pressure 

Medication 

n 

1,213 

381 

239 

243 

Yes 

353  (29.1) 

99  (26.0) 

77  (32.2) 

84  (34.6) 

0.102 

0.070 

No 

860  (70.9) 

282  (74.0) 

162  (67.8) 

159  (65.4) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Body  Fat  (percent) 

n 

863 

(continuous) 

r=0.257 

<0.001 

<0.001 

(discrete) 

Lean  or  Normal  (<25%) 

x  =  12.6  (n=622) 

<0.001 

<0.001 

Obese  (>25%) 

x  =  18.4  (n=241) 

Cholesterol  (mg/dl) 

n 

863 

(continuous) 

r=0.097 

0.004 

0.099 

(discrete) 

0-200 

x  =  12.7  (n=334) 

0.040 

0.446 

>200-239 

x  =  14.1  (n=341) 

>239 

x  =  16.4  (n=188) 

HDL  (mg/dl) 

n 

862 

(continuous) 

r=— 0.13 1 

<0.001 

0.013 

(discrete) 

0-35 

x  =  15.5  (n=162) 

0.188 

0.621 

>35 

x  =  13.7  (n=700) 

Cholesterol-HDL 

Ratio 

n 

862 

(continuous) 

r=0.152 

<0.001 

0.021 

(discrete) 

0-5 

x  =  12.2  (n=507) 

<0.001 

0.010 

>5 

x  =  16.9  (n=355) 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Covariate 


Covariate 

Category 


lini® 

Correlation  ( 


•Model  4 


>  ’  p-value;  J- 

'  j  *  -  -  - // 

ill  ■  C",>?>Unadjuited ' 


■  p-Value: 
Adjusted^ 


Physical  Activity 


Index 

n 

857 

Sedentary 

x  =  15.1  (n=468) 

Moderate 

x  =  14.5  (n=157) 

Very  Active 

x  =  11.9  (n=232) 

Diabetic  Class5 

n 

856 

Normal 

x  =  12.7  (n=598) 

Impaired 

x  =  13.9  (n=113) 

Diabetic 

x  =  21.2  (n=145) 

Family  History  of 

Diabetes 

n 

856 

Yes 

x  =  15.8  (n=220) 

No 

x  =  13.5  (n=636) 

Family  History  of 

Heart  Disease 

n 

853 

Yes 

x  =  14.3  (n=522) 

No 

x  =  13.7  (n=331) 

0.026 


<0.001 


0.065 


0.408 


<0.001 


0.198 


0.580 


0.177 
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Table  8-5.  Associations  Between  Health  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Continued) 


Family  History  of 
Heart  Disease  Before 
Age  45 


Currently  Taking 
Blood  Pressure 
Medication 


1 1 

1987  Dioxin  (ppt)  p-Value: 

Correlation  or  Mean  (n)  Unadjusted 


x  =  16.3  (n=107) 
x  =  13.8  (n=734) 


x  =  15.6  (n=260) 


p- Value: 
Adjusted3 


x  =  13.3  (n=603 


Adjusted  for  occupation. 
b  Diabetic  Class:  Normal:  <140  mg/dl  2-hour  postprandial  glucose 

Impaired:  >140-<200  mg/dl  2-hour  postprandial  glucose 

Diabetic:  Verified  past  history  of  diabetes  or  >200  mg/dl  2-hour  postprandial  glucose. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l)) 
scale  for  1987  dioxin  in  Model  4. 


Statistically  significant  unadjusted  associations  were  found  between  the  cholesterol-HDL  ratio  and 
dioxin  for  Model  2  (p=0.002).  Model  3  (pcO.OOl),  and  Model  4  (p<0.001).  In  Models  2  and  3,  the 
association  was  not  significant  when  adjusting  for  military  occupation  (p=0.100  for  Model  2;  p=0.103  for 
Model  3).  In  Model  4,  the  association  between  1987  dioxin  and  the  cholesterol-HDL  ratio  remained 
significant  after  adjusting  for  military  occupation  (p=0.021).  As  1987  dioxin  levels  increased,  the 
cholesterol-HDL  ratio  increased. 

Dichotomizing  the  cholesterol-HDL  ratio  using  a  cutpoint  of  5.0  revealed  significant  associations  with 
dioxin  for  Models  2,  3,  and  4  (pcO.OOl  for  these  models).  The  associations  between  the  categorized 
cholesterol-HDL  ratio  and  dioxin  levels  remained  significant  after  adjusted  for  military  occupation 
(p<0.04  for  all  analyses).  The  mean  dioxin  levels  were  greater  for  participants  with  a  higher  cholesterol- 
HDL  ratio  in  Models  2  and  4.  In  Model  3,  a  significant  difference  between  the  percentage  of  participants 
with  a  ratio  less  than  5.0  was  seen  among  Comparisons  (58.8%),  Ranch  Hands  in  the  background  dioxin 
category  (64.0%),  Ranch  Hands  in  the  low  dioxin  category  (63.9%),  and  Ranch  Hands  in  the  high  dioxin 
category  (45.7%). 

The  examination  of  the  physical  activity  index  showed  a  significant  association  with  dioxin  in  Model  2 
(p=0.001)  and  Model  4  (p=0.026),  and  a  marginally  significant  relation  in  Model  3  (p=0.075)  in  the 
unadjusted  analysis.  In  Models  2  and  4,  the  mean  dioxin  levels  were  decreased  as  activity  levels 
increased.  When  adjusting  for  military  occupation,  the  associations  seen  in  Models  3  and  4  were  no 
longer  significant  (p=0.309  for  Model  3;  p=0.408  for  Model  4).  Model  2  analysis  showed  a  significant 
association  between  physical  activity  and  initial  dioxin  levels  after  adjusting  for  military  occupation 

(p=0.022). 

A  significant  association  between  diabetic  class  and  dioxin  was  revealed  in  Models  3  and  4  (pcO.OOl  for 
both  models),  and  the  results  remained  significant  (pcO.OOl)  after  adjusting  for  military  occupation.  In 
Model  3,  a  significant  difference  between  the  percentage  of  participants  classified  as  normal,  impaired, 
and  diabetic  was  seen  among  Comparisons,  Ranch  Hands  in  the  background  dioxin  category,  Ranch 
Hands  in  the  low  dioxin  category,  and  Ranch  Hands  in  the  high  dioxin  category.  More  participants  were 
classified  as  diabetic  as  the  dioxin  levels  increased.  For  Ranch  Hands  in  the  background  dioxin  category, 
9.8  percent  of  participants  were  classified  as  diabetic.  For  Ranch  Hands  in  the  low  dioxin  category,  21.2 
percent  were  classified  as  diabetic,  and  24.1  percent  of  Ranch  Hands  in  the  high  dioxin  category  were 
classified  as  diabetic.  In  Model  4,  participants  classified  as  diabetic  had  higher  mean  1987  dioxin  levels 
than  participants  classified  as  impaired  or  normal.  Model  2  showed  a  significant  association  between 
diabetic  class  and  initial  dioxin  levels  only  when  adjusting  for  military  occupation  (p=0.004). 

The  analysis  of  family  history  of  diabetes  revealed  no  significant  associations  with  dioxin  levels  in 
Models  1,  2,  and  3  in  the  unadjusted  or  adjusted  analyses.  Model  4  showed  a  marginally  significant 
association  in  the  unadjusted  model  only  (p=0.065). 

No  significant  associations  were  observed  between  family  history  of  heart  disease  or  family  history  of 
heart  disease  before  age  45  and  any  of  the  estimates  of  herbicide  or  dioxin  exposure  (p>0.14  for  all 
analyses). 

When  examining  the  relation  between  current  blood  pressure  medication  use  and  dioxin  exposure,  no 
significant  relation  was  observed  in  Model  2,  whether  or  not  adjustment  was  made  for  military 
occupation  (p>0.74  for  both  analyses).  In  Model  3,  the  unadjusted  analysis  showed  no  significant 
association  (p=0.102),  but  the  adjusted  showed  a  marginally  significant  association  (p=0.070).  In  Model 
4,  the  unadjusted  analysis  was  marginally  significant  (p=0.057),  and  the  adjusted  analysis  showed  a 
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significant  association  (p=0.013).  Mean  1987  dioxin  levels  were  higher  in  those  participants  currently 
taking  medication  for  high  blood  pressure  (15.6  ppt)  than  for  those  not  taking  the  medication  (13.3  ppt). 


8.7  SUN  EXPOSURE  VARIABLES 

Results  of  tests  of  association  between  a  participant’s  reaction  to  sun  exposure  and  the  estimates  of 
dioxin  exposure  are  shown  in  Table  8-6.  These  statistics  are  based  on  non-Black  participants,  because 
the  sun  exposure  covariates  were  used  in  adjusted  analyses  of  skin  neoplasms  only,  and  Blacks  were 
excluded  from  the  skin  neoplasm  analyses. 

Unadjusted  analysis  of  the  relation  between  skin  color  and  dioxin  exposure  showed  no  significant 
associations  (p>0.12  for  all  unadjusted  analyses).  When  the  associations  were  tested  adjusting  for 
military  occupation.  Models  3  and  4  showed  a  significant  association  (p=0.050  for  Model  3;  p=0.006  for 
Model  4).  The  highest  percentage  of  participants  with  peach  skin  color  was  for  Ranch  Hands  in  the  low 
dioxin  category  (82.4%).  Participants  with  peach  skin  color  had  a  higher  mean  1987  dioxin  level  than 
participants  with  non-peach  skin  color  (14.5  ppt  vs.  12.5  ppt;  p=0.006,  adjusted  for  military  occupation). 

A  significant  association  between  hair  color  and  dioxin  levels  was  observed  in  Model  2  (pcO.OOl)  and 
Model  3  (p=0.006),  and  a  marginally  significant  association  was  seen  in  Model  4  (p=0.055).  The 
association  was  no  longer  significant  when  adjusting  for  military  occupation  in  Model  2  (p=0.155)  or 
Model  4  (p=0.715),  but  remained  significant  in  Model  3  (p=0.048).  The  percentage  of  participants  with 
black  or  dark  brown  hair  varied  among  the  Comparisons  (69.0%),  Ranch  Hands  in  the  background  dioxin 
category  (66.9%),  Ranch  Hands  in  the  low  dioxin  category  (59.7%),  and  Ranch  Hands  in  the  high  dioxin 
category  (74.8%). 

Significant  associations  were  observed  between  eye  color  and  dioxin  exposure  in  the  unadjusted  analysis 
of  all  four  models  (p<0.04  for  all  unadjusted  analyses).  These  results  remained  significant  (p<0.04)  after 
adjusting  for  military  occupation  in  all  models  except  Model  3,  which  still  showed  a  marginally 
significant  association  (p=0.088).  In  Model  2  and  Model  4,  participants  with  brown  eyes  had  higher 
initial  and  1987  dioxin  levels  than  participants  with  other  eye  colors. 

Unadjusted  analysis  of  average  lifetime  residential  latitude  revealed  significant  associations  with  dioxin 
exposure  in  Model  1  (p=0.004).  Model  2  (p=0.032),  and  Model  3  (p=0.01 1).  In  Model  1,  a  significant 
difference  between  the  percentage  of  participants  living,  on  average,  closer  to  the  equator  (less  than  37 
degrees  latitude)  was  seen  between  Ranch  Hands  (46.5%)  and  Comparisons  (53.2%).  In  Model  2,  the 
mean  initial  dioxin  levels  were  greater  for  participants  living  closer  to  the  equator.  In  Model  3,  a 
significant  difference  between  the  percentage  of  participants  living,  on  average,  closer  to  the  equator  was 
seen  among  Comparisons  (52.9%),  Ranch  Hands  in  the  background  dioxin  category  (46.4%),  Ranch 
Hands  in  the  low  dioxin  category  (42.1%),  and  Ranch  Hands  in  the  high  dioxin  category  (50.0%). 
Analyses  of  the  relation  between  group  or  dioxin  and  average  lifetime  residential  latitude  also  was 
significant  after  adjustment  for  the  effects  of  military  occupation  in  Models  1,  2,  and  3  (p=0.002, 
p=0.028,  and  p=0.007,  respectively).  While  no  significant  association  was  seen  in  the  unadjusted 
analysis  of  Model  4  (p=0.152),  the  association  between  latitude  was  significant  when  adjusting  for 
military  occupation  (p=0.021). 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks  Only) 


Skin  Color 


Hair  Color 


Eye  Color 


'  Model! 

^  -•  i 

Covariate  Ranch  Hand  Comparison  p- Value:  p- Value: 

>xin  (ppt)  p-Value:  p-Va 

W®  -  -if'! % -VP  ■ 

SIB 

Peach 

Non-Peach 


Black,  Dark 
Brown 
Light  Brown, 
Blonde,  Red,  Bald 


Brown 
Hazel,  Green 
Gray,  Blue 


815 

637  (78.2) 
178  (21.8) 
815 

549  (67.4) 
266  (32.6) 
815 

229  (28.1) 
242  (29.7) 
344  (42.2) 


1,178 
897  (76.2) 
281  (23.9) 
1,176 
810(68.9) 
366  (31.1) 
1,178 
383  (32.5) 
287  (24.4) 
508  (43.1) 


0.319 


0.506 


0.016 


0.308 


0.497 


0.015 


446 

x  =  111.3  (n=360)  0.884  0.789 

x  =  113.2  (n=86) 

446 

x=  123.7  (n=301)  <0.001  0.155 

x  =  90.4  (n=145) 

446 

x  =  135.3  (n=132)  0.014  0.023 

x  =  98.7  (n=133) 
x=  106.3  (n=181) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


.  'i,  ,  1 

,  ModeI 

T“ S..,i '5  • 

•■v:  Model  2  ■  .  ■ 

Covariate 

, '  •  Covariate 

®H>  Ranch.  Hand  •  / 1 

■  :  ■  r  ■■..■■■.  _ :  "■ 

«  Comparison  ■ 
Mean  or  n  (%) 

^yalue:  *.  * 

Unadjusted  |S  Adjusted2 1 

v>  Initial  Dioxin  (ppt)  .  ‘ 1  jp-Value:  p-Value: 

Reaction  of 
Skin  to  Sun 
After  at  Least 

2  Hours 

n 

814 

1,178 

446 

No  Reaction 

294  (36.1) 

427  (36.3) 

0.859  0.855 

x  =  122.5  (n=169)  0.221  0.243 

Becomes  Red 

322  (39.6) 

481  (40.8) 

x=  109.7  (n=176) 

Bums 

127  (15.6) 

178(15.1) 

x  =  93.0  (n=68) 

Painfully  Burns 

71  (8.7) 

92  (7.8) 

x=  111.8  (n=33) 

Reaction  of 
Skin  to  Sun 
After 

Repeated 

Exposure 

n 

814 

1,178 

446 

Tans  Dark  Brown 

225  (27.6) 

331  (28.1) 

0.978  0.976 

x  =  116.6  (n=131)  0.417  0.485 

Tans  Moderately 

409  (50.3) 

580  (49.2) 

x=  109.0  (n=218) 

Tans  Mildly 
Freckles  with  No 

151  (18.6) 

224  (19.0) 

x=  119.6  (n=78) 

Tan 

29  (3.6) 

43  (3.7) 

x  =  82.7  (n=19) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


Model  1  ‘ 

1181  1  11  SHI  .  1 

1  11111 

1  Coyariate 
Category 

Ranch  Hand 

Mean  or  n  1 1 

Comparison  •  >  v  p-VOMe:  ^^p^Value:  : 
.  Mean  or  n  (%)  Unadjusted  Adjusted3 

Initial  Dioxin  (ppt)  p-Value: 

Correlation  or  Mean  (n)  Unadjusted 

9HBB 

Composite 

Sun-Reaction 

Index 

n 

814 

1,178 

446 

High 

91  (11.2) 

110  (9.3)  0.330  0.333 

x  =  103.6  (n=45)  0.820 

0.871 

Medium 

187  (23.0) 

291  (24.7) 

x=  110.3  (n=102) 

Low 

536  (65.9) 

111  (66.0) 

x=  113.4  (n=299) 

Average 

Lifetime 

Residential 

Latitude 

n 

815 

1,178 

446 

<37° 

379  (46.5) 

627  (53.2)  0.004  0.002 

x  =  123.6  (n=206)  0.032 

0.028 

>37° 

436  (53.5) 

551  (46.8) 

x  =  102.4  (n=240) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


Covaiiate 

Models 

Z  ■  ■;  :  ■  .  •  :•  V-  — 

iijjlpjpi  s 

.  Mean  or  n  ( 

i  i  Ranchi  Hind  1 

-../rhAean  ;or  $!($>) 

Low 

Ranch  Hand 

Mean  or  n  (%) 

High 

Ranch  Hand 
Mean  or  n  (%) 

p-Value: 

Unadjusted 

p-Value: 

Adjusted 

Skin  Color 

n 

1,143 

362 

216 

230 

Peach 

873  (76.4) 

273  (75.4) 

178  (82.4) 

182  (79.1) 

0.179 

0.050 

Non-Peach 

270  (23.6) 

89  (24.6) 

38  (17.6) 

48  (20.9) 

Hair  Color 

n 

1,141 

362 

216 

230 

Black,  Dark  Brown 

787  (69.0) 

242  (66.9) 

129  (59.7) 

172  (74.8) 

0.006 

0.048 

Light  Brown, 

Blonde,  Red,  Bald 

354  (31.0) 

120  (33.1) 

87  (40.3) 

58  (25.2) 

Eye  Color 

n 

1,143 

362 

216 

230 

Brown 

366  (32.0) 

95  (26.2) 

53  (24.5) 

79  (34.4) 

0.039 

0.088 

Hazel,  Green 

283  (24.8) 

106  (29.3) 

70  (32.4) 

63  (27.4) 

Gray,  Blue 

494  (43.2) 

161  (44.5) 

93(43.1) 

88  (38.3) 

Reaction  of  Skin  to 

Sun  After  at  Least 

2  Hours 

n 

1,143 

361 

216 

230 

No  Reaction 

410(35.9) 

122  (33.8) 

74  (34.3) 

95  (41.3) 

0.644 

0.994 

Becomes  Red 

471  (41.2) 

144  (39.9) 

89(41.2) 

87  (37.8) 

Burns 

174(15.2) 

57  (15.8) 

35  (16.2) 

33  (14.4) 

Painfully  Bums 

88  (7.7) 

38  (10.5) 

18(8.3) 

15  (6.5) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


ModeI3 

Backgrouni 

■*  »  .  ,1 »  *■  A  C. 

Category  1 v  1- 

^jj/Comparison'i  SI 

'  .  Mean  or  n  (%)  ’->• 

IliiSifflit 

•  E  Hm 

MeanOr  n 

i  1  Ranch  Hand 
m  Meaner  »(%) 

RanchHarid. 

l  nadjusted 

Reaction  of  Skin  to 
Sun  After  Repeated 
Exposure 

n 

1,143 

361 

216 

230 

Tans  Dark  Brown 

315(27.6) 

90  (24.9) 

60  (27.8) 

71  (30.9) 

0.533 

0.768 

Tans  Moderately 

571  (50.0) 

188  (52.1) 

106  (49.1) 

112(48.7) 

Tans  Mildly 
Freckles  with  No 

217(19.0) 

73  (20.2) 

37(17.1) 

41  (17.8) 

Tan 

40  (3.5) 

10  (2.8) 

13  (6.0) 

6  (2.6) 

Composite  Sun- 
Reaction  Index 

n 

1,143 

361 

216 

230 

High 

105  (9.2) 

46  (12.7) 

25(11.6) 

20  (8.7) 

0.480 

0.815 

Medium 

285  (24.9) 

83  (23.0) 

48  (22.2) 

54  (23.5) 

Low 

753  (65.9) 

232  (64.3) 

143  (66.2) 

156  (67.8) 

Average  Lifetime 
Residential  Latitude 

n 

1,143 

362 

216 

230 

<37° 

605  (52.9) 

168  (46.4) 

91  (42.1) 

115(50.0) 

0.011 

0.007 

>37° 

538(47.1) 

194  (53.6) 

125  (57.9) 

115(50.0) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


Covariate 

Model  4 

Covariate 

Category 

1987  Dioxin  (ppt) 
Correlation  or  Mean  (ri) 

p-Value: 

Unadjusted 

p-Value: 

Adjusted3 

Skin  Color 

n 

808 

Peach 

x  =  14.5  (n=633) 

0.120 

0.006 

Non-Peach 

x  =  12.5  (n=175) 

Hair  Color 

n 

808 

Black,  Dark  Brown 

x  =  14.8  (n=543) 

0.055 

0.715 

Light  Brown,  Blonde,  Red,  Bald 

x  =  12.6  (n=265) 

Eye  Color 

n 

808 

Brown 

x  =  16.8  (n=227) 

0.015 

0.037 

Hazel,  Green 

x=  13.1  (n=239) 

Gray,  Blue 

x=  13.1  (n=342) 

Reaction  of  Skin  to  Sun  After  at 

Least  2  Hours 

n 

807 

No  Reaction 

x  =  15.3  (n=291) 

0.229 

0.694 

Becomes  Red 

x=  14.1  (n=320) 

Burns 

x=  12.7  (n=125) 

Painfully  Burns 

x  =  12.0  (n=71) 
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Table  8-6.  Associations  Between  Sun  Exposure  Variables  and  Estimates  of  Herbicide  or  Dioxin  Exposure  (Non-Blacks 
Only)  (Continued) 


S-*-**.  ’*  v-  v-;  -  «*.«r  s.  *>.' 

jH|||4odel  4 

Cnv.iri.ue 

?«3S1§1 

Mite##  -it  ’  &&  ■■  tm. 

1987 1)ioxin  (ppt)  .  :> 
(n) 

Unadjusted 

J||ltjp||  -  |jl§ 

Adjusted3 

Reaction  of  Skin  to  Sun  After 
Repeated  Exposure 

n 

807 

Tans  Dark  Brown 

x  =  15.6  (n=221) 

0.463 

0.822 

Tans  Moderately 

x=  13.5  (n=406) 

Tans  Mildly 

x  =  13.7  (n=151) 

Freckles  with  No  Tan 

x  =  14.2  (n=29) 

Composite  Sun-Reaction  Index 

n 

807 

High 

x  =  12.2  (n=91) 

0.419 

0.837 

Medium 

x=  14.1  (n=185) 

Low 

x=  14.4  (n=531) 

Average  Lifetime  Residential 
Latitude 

n 

808 

<37° 

x  =  14.9  (n=374) 

0.152 

0.021 

>37° 

x  =  13.4  (n=434) 

a  Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l))  scale  for 
1987  dioxin  in  Model  4. 


No  significant  associations  were  observed  between  group  or  dioxin  levels  and  reaction  of  skin  to  sun 
after  at  least  2  hours,  reaction  of  skin  to  sun  after  repeated  exposures,  or  a  composite  sun-reaction  index 
for  either  the  adjusted  or  unadjusted  analyses  (p>0.22  for  all  analyses). 


8.8  OTHER  MISCELLANEOUS  COVARIATES 

Results  of  tests  of  association  between  other  miscellaneous  covariates  and  the  estimates  of  dioxin 
exposure  are  shown  in  Table  8-7.  Examining  the  association  between  current  total  household  income  in 
both  its  continuous  and  discrete  forms  and  dioxin  revealed  significant  relations  in  the  analysis  of  Models 
2  through  4.  By  adjusting  for  military  occupation,  the  association  between  income  and  dioxin  levels  was 
not  significant  (p>0.08)  for  continuous  or  discrete  forms  of  income  or  for  any  of  the  models. 

No  significant  associations  were  seen  between  group  or  dioxin  levels  and  personality  type,  either 
unadjusted  or  adjusted  for  military  occupation  (p>0.14  for  all  analyses). 

The  relation  between  education  and  group  was  nonsignificant  (p=0.339,  unadjusted;  p=0.270,  adjusted, 
for  military  occupation).  A  significant  relation  between  education  and  dioxin  was  revealed  for  Models  2 
through  4  (p<0.001  for  each  model);  however,  after  adjusting  for  military  occupation,  no  significant 
relations  were  observed  in  Models  2,  3,  or  4  (p>0.20  for  all  analyses). 

The  relation  between  current  employment  status  and  dioxin  exposure  mirrored  the  relation  between 
education  and  dioxin  exposure.  Significant  relations  were  seen  in  Models  2,  3,  and  4  in  the  unadjusted 
analysis,  but  the  relations  were  no  longer  significant  when  adjusted  for  military  occupation  (p>0.39  for 
all  analyses). 

In  the  analysis  of  current  marital  status  and  dioxin  exposure,  a  marginally  significant  association  was 
seen  in  Model  2  (p=0.082),  and  a  significant  relation  was  seen  in  Model  3  (p=0.033).  After  adjusting  for 
military  occupation,  however,  these  associations  were  no  longer  significant  (p=0.282  for  Model  2; 
p=0.635  for  Model  3). 

Current  parental  status  (having  a  child  younger  than  18  years  old)  was  shown  to  have  a  marginally 
significant  relation  with  dioxin  in  Model  2  (p=0.066)  and  Model  3  (p=0.069),  and  a  significant  relation 
with  dioxin  in  Model  4  (p=0.014).  Similar  to  current  marital  status,  these  relations  were  no  longer 
significant  when  adjusting  for  military  occupation  (p=0.979,  p=0.644,  and  p=0.961  for  Models  2,  3,  and 
4,  respectively). 

The  analysis  of  participants  who  reported  having  worked  with  vibrating  power  equipment  or  tools  for  30 
days  or  more  revealed  a  significant  association  with  initial  dioxin  (p=0.033)  in  Model  2  and  with  1987 
dioxin  (p=0.013)  in  Model  4.  Participants  who  worked  with  vibrating  power  equipment  or  tools  had 
greater  average  initial  and  1987  dioxin  levels  than  participants  who  did  not  report  having  worked  with 
vibrating  power  equipment  or  tools.  After  adjustment  for  military  occupation,  these  associations  became 
nonsignificant  (p=0.537  for  Model  2;  p=0.394  for  Model  4).  All  tests  of  association  in  Models  1  and  3 
were  nonsignificant  for  this  covariate  (p>0. 14  for  each  analysis). 

Tests  of  the  association  between  reported  exposure  to  heavy  metals  (worked  for  30  days  or  more  with 
lead,  mercury,  chromium,  nickel,  copper,  cadmium,  manganese,  arsenic,  selenium,  or  molybdenum)  and 
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Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 


mm 

*3  -  •  H 

j  vr 

odel  2 

V  * 

lilSoSipirisofn 

Meanor  n  (% 

.  Unadjuste 

p-Valuc: 
d  AiljiMwl 

|ip§ 

11 

Initial  Dioxin  Ippt) 
arrelatiqn  p^Meap  (n). 

p- Value: 

mmmib  i.  ■- .••••: • ... 

- Unadjusted  .  t 

mm 

Current  Total 
Household  Income 
(dollars) 

n 

861 

1,236 

478 

(continuous) 

x  =  $66,013 

x  =  $65,546 

0.697 

0.666 

n=-0.187 

<0.001 

0.367 

(discrete) 

<  $65,000 

438  (50.9) 

628  (50.8) 

0.999 

0.956 

x=  121.3  (n=267) 

0.003 

0.771 

>  $65,000 

423  (49.1) 

608  (49.2) 

x  =  94.7  (n=211) 

Personality  Type 

n 

867 

1,251 

481 

Type  A 

351  (40.5) 

469  (37.5) 

0.178 

0.148 

x=  106.0  (n=184) 

0.590 

0.740 

Type  B 

516(59.5) 

782  (62.5) 

x  =  111.1  (n=297) 

Education 

n 

869 

1,251 

482 

High  School 

456  (52.5) 

684  (54.7) 

0.339 

0.270 

x  =  93.1  (n=201) 

0.001 

0.261 

College 

413  (47.5) 

567  (45.3) 

x=  122.3  (n=281) 

Current 

Employment  Status 

n 

869 

1,251 

482 

Yes 

564  (64.9) 

825  (66.0) 

0.652 

0.719 

x=  116.6  (n=3 1 9) 

0.027 

0.836 

No 

305  (35.1) 

426  (34.1) 

x  =  96.0  (n=163) 
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Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Model  1 

Model  2 

Covariate K 

;i-V  Covariate  \ 
Category  . 

Ranch;  Hand 
Mean  or  n  (%) 

Comparison 
Mean  or  n(%) 

p- Value: 
Unadjusted 

p-Value: 

Adjusted4 

Initial  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p-Value: 

Unadjusted 

p-Value: 

Adjusted3 

Current  Marital 
Status 

n 

869 

1,251 

482 

Married 

714  (82.2) 

1,031  (82.4) 

0.928 

0.823 

x  =  105.3  (n=386) 

0.082 

0.282 

Not  Married 

155  (17.8) 

220  (17.6) 

x=  126.2  (n=96) 

Current  Parental 
Status  (Child 
Younger  than  18 
Years  of  Age) 

n 

869 

1,251 

482 

Yes 

110(12.7) 

181  (14.5) 

0.260 

0.301 

x=  132.1  (n=67) 

0.066 

0.979 

No 

759  (87.3) 

1,070  (85.5) 

x=  105.9  (n=415) 

Worked  with 
Vibrating  Power 
Equipment  or 

Tools 

n 

869 

1,249 

482 

Yes 

246  (28.3) 

328  (26.3) 

0.321 

0.287 

x=  124.5  (n=150) 

0.033 

0.537 

No 

623  (71.7) 

921  (73.7) 

x=  102.9  (n=332) 

Composite 

Exposure  to  Heavy 
Metals 

n 

869 

1,251 

482 

Yes 

110(12.7) 

178  (14.2) 

0.330 

0.288 

x=  116.0  (n=77) 

0.522 

0.401 

No 

759  (87.3) 

1,073  (85.8) 

x=  107.9  (n=405) 

8-44 


Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Co  variate 
Category 

Model  3 

ngjmgg 

Comparison 
Mean  or  n  {%) 

Iff  Background 
Ranch  Hand 

Mean  or  n  (% 

Low 

Ranch  Hand 

■ 

)  Mean  or  n  (%) 

High 

Ranch  Hand 
Mean  or  n  {%) 

p- Value: 
Unadjusted 

Current  Total  Household 

Income  (dollars) 

n 

1,199 

376 

237 

241 

(continuous) 

x  =  $65,894 

x  =  $70,625 

x  =  $66,698 

x  =  $58,081 

<0.001 

0.835 

(discrete) 

<  $65,000 

603  (50.3) 

167  (44.4) 

114(48.1) 

153  (63.5) 

<0.001 

0.692 

>  $65,000 

596  (49.7) 

209  (55.6) 

123  (51.9) 

88  (36.5) 

Personality  Type 

n 

1,213 

379 

239 

242 

Type  A 

457  (37.7) 

164  (43.3) 

87  (36.4) 

97  (40.1) 

0.205 

0.264 

Type  B 

756  (62.3) 

215  (56.7) 

152  (63.6) 

145  (59.9) 

Education 

n 

1,213 

380 

239 

243 

High  School 

549  (45.3) 

130  (34.2) 

119(49.8) 

162  (66.7) 

<0.001 

0.357 

College 

664  (54.7) 

250  (65.8) 

120  (50.2) 

81  (33.3) 

Current  Employment 

Status 

n 

1,213 

380 

239 

243 

Yes 

806  (66.5) 

240  (63.2) 

144  (60.3) 

175  (72.0) 

0.031 

0.398 

No 

407  (33.6) 

140  (36.8) 

95  (39.8) 

68  (28.0) 

Current  Marital  Status 

n 

1,213 

380 

239 

243 

Married 

1,006  (82.9) 

322  (84.7) 

201  (84.1) 

185  (76.1) 

0.033 

0.635 

Not  Married 

207  (7.1) 

58  (15.3) 

38  (15.9) 

58  (23.9) 
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Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Ci»iin.uc 

'  :i,  i-v:;  -.':  - 

-Model  3 

1 

■  ;■  /■;■  ;Y' ;  :  '  ■.  : 

-  f’  Meanorn  (%)  * 

Ranch's^!- 

®SiSSI^ 

I# 

f  **  Mean  dr  n^%) 

High 

U:  p-\alue; 
Adjusted  - 

Current  Parental  Status 

(Child  Younger  than  18 

Years  of  Age) 

n 

1,213 

380 

239 

243 

Yes 

176  (14.5) 

41  (10.8) 

26  (10.9) 

41  (16.9) 

0.069 

0.644 

No 

1,037  (85.5) 

339  (89.2) 

213(89.1) 

202  (83.1) 

Worked  with  Vibrating 

Power  Equipment  or 

Tools 

n 

1,211 

380 

239 

243 

Yes 

318  (26.3) 

95  (25.0) 

72  (30.1) 

78  (32.1) 

0.142 

0.242 

No 

893  (73.7) 

285  (75.0) 

167  (69.9) 

165  (67.9) 

Composite  Exposure  to 

Heavy  Metals 

n 

1,213 

380 

239 

243 

Yes 

174  (14.3) 

33  (8.7) 

35  (14.6) 

42(17.3) 

0.010 

0.347 

No 

1,039  (85.7) 

347  (91.3) 

204  (85.4) 

201  (82.7) 
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Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


Siiiiifiifii 

i:-.  W: .  ■  V  .-iStij  *  :T ~ 

M.iilul  4 

lorrelation  orMean(n 

p-Value: 

Unadjusted  ,  i 

p^Value:  |  ^||§t*  ^ 

iMm  8m  s 

Current  Total  Household  Income  (dollars) 

n 

854 

(continuous) 

r=-0.169 

<0.001 

0.185 

(discrete) 

<$65,000 

x  =  15.9  (n=434) 

<0.001 

0.083 

>  $65,000 

x  =  12.3  (n=420) 

Personality  Type 

n 

860 

Type  A 

x  =  13.4  (n=348) 

0.314 

0.671 

Type  B 

x  =  14.5  (n=512) 

Education 

n 

862 

High  School 

x  =  18.2  (n=411) 

<0.001 

0.203 

College 

x  =  11.0  (n=451) 

Current  Employment  Status 

n 

862 

Yes 

x  =  15.0  (n=559) 

0.013 

0.878 

No 

x  =  12.4  (n=303) 

Current  Marital  Status 

n 

862 

Married 

x  =  13.6  (n=708) 

0.119 

0.794 

Not  Married 

x  =  15.9  (n=154) 
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Table  8-7.  Associations  Between  Other  Miscellaneous  Covariates  and  Estimates  of  Herbicide  or  Dioxin  Exposure 
(Continued) 


VV-'-. iyiSSfeiiS?  ;V'.  5 

MM  ?>.; 

Model  4 

Covariate 

Covariate 

1987  Dioxin  (ppt) 
Correlation  or  Mean  (n) 

p-Value: 
"  .  Unadjustec 

p-Value: 

Current  Parental  Status  (Child  Younger 
than  18  Years  of  Age) 

n 

862 

Yes 

x  =  17.8  (n=108) 

0.014 

0.961 

No 

x=  13.5  (n=754) 

Worked  with  Vibrating  Power  Equipment 
or  Tools 

n 

862 

Yes 

x  =  16.2  (n=245) 

0.013 

0.394 

No 

x  =  13.2  (n=617) 

Composite  Exposure  to  Heavy  Metals 

n 

862 

Yes 

x=  18.1  (n=l  10) 

0.007 

0.854 

No 

x  =  13.5  (n=752) 

a  Adjusted  for  occupation. 

Note:  Means  for  discrete  covariates  were  transformed  from  the  logarithmic  (base  2)  scale  for  initial  dioxin  in  Model  2  and  from  the  (log2  (X+l))  scale  for 
1987  dioxin  in  Model  4. 


dioxin  were  significant  for  categorized  dioxin  in  Model  3  (p=0.010)  and  1987  dioxin  in  Model  4 
(p=0.007).  The  percentage  of  Ranch  Hands  exposed  to  heavy  metals  increased  as  dioxin  increased  in 
Model  3  analyses  (8.7%  for  Ranch  Hands  in  the  background  dioxin  category,  14.6%  for  Ranch  Hands  in 
the  low  dioxin  category,  and  17.3%  for  Ranch  Hands  in  the  high  dioxin  category).  After  adjustment  for 
occupation,  the  association  was  nonsignificant  (p=0.347).  In  Model  4,  average  1987  dioxin  levels  were 
greater  for  participants  reporting  exposure  to  heavy  metals  than  for  participants  not  reporting  exposure  to 
heavy  metals.  The  association  between  exposure  to  heavy  metals  and  1987  dioxin  was  nonsignificant 
after  adjustment  for  military  occupation  (p=0.854).  All  tests  of  association  between  reported  exposure  to 
heavy  metals  and  group  in  Model  1  were  nonsignificant  (p>0.28  for  both  analyses).  Tests  of  association 
between  reported  exposure  to  heavy  metals  and  initial  dioxin  in  Model  2  also  were  nonsignificant 
(p>0.40  for  both  analyses). 


8.9  SUMMARY 

The  purpose  of  this  chapter  was  to  determine  whether  the  covariates  used  throughout  this  report  were 
associated  with  the  estimates  of  herbicide  or  dioxin  exposure.  Military  occupation,  being  associated  with 
education,  may  have  influenced  the  associations  between  covariates  and  dioxin  estimates.  Therefore, 
associations  between  covariates  and  the  estimates  of  exposure  in  this  chapter  were  adjusted  for  military 
occupation  but  not  for  other  known  or  suspected  confounders.  Associations  between  co variates  and 
dioxin  estimates  should  be  interpreted  with  caution  and  do  not  necessarily  reflect  a  causal  relation. 

The  demographic  variables  of  age,  race,  and  military  occupation  were  used  as  matching  variables  in  the 
original  study  design.  As  expected  because  of  the  matching,  there  were  no  significant  differences 
between  Ranch  Hands  and  Comparisons  for  these  three  variables.  As  exhibited  in  previous  reports, 
dioxin  was  significantly  associated  with  military  occupation.  Officers  had  the  lowest  levels,  followed  by 
enlisted  flyers  and  enlisted  groundcrew.  Because  the  Ranch  Hand  enlisted  groundcrew  tended  to  be 
younger  on  average  than  the  Ranch  Hand  officers  and  enlisted  flyers,  a  strong  negative  association  also 
was  seen  between  dioxin  levels  and  age.  When  military  occupation  was  taken  into  consideration, 
however,  dioxin  exposure  estimates  did  not  appear  to  be  related  to  age.  Race  exhibited  significant 
associations  with  dioxin  in  that  Black  participants  appeared  to  have  lower  dioxin  levels  than  non-Black 
participants.  The  effect  of  race  on  dioxin  levels  was  strengthened  when  military  occupation  was 
considered. 

Few  significant  associations  were  seen  between  current  alcohol  use  or  lifetime  alcohol  history  and  group 
or  dioxin.  Wine  use  appeared  to  affect  dioxin  exposure  estimates  significantly.  Lower  dioxin  levels 
were  associated  with  more  wine  use,  both  current  and  lifetime.  As  suspected  in  previous  reports,  this 
phenomenon  appears  to  be  related  to  military  occupation  as  officers  may  have  consumed  more  wine  than 
did  enlisted  personnel.  When  adjusting  for  military  occupation,  the  association  between  wine  use  and 
dioxin  exposure  was  not  significant. 

Significant  associations  were  observed  between  current  cigarette  smoking  and  lifetime  cigarette  smoking 
history  and  1987  dioxin  after  adjustment  for  military  occupation. 

Questions  posed  to  the  participants  regarding  exposure  to  known  carcinogens  were  intended  to  indicate 
post-SEA  exposures;  however,  the  data  suggest  that  the  participants  may  have  included  SEA  exposures 
as  well.  Significant  associations  were  seen  between  dioxin  and  both  degreasing  chemicals  and  industrial 
chemicals.  Adjusted  analysis  showed  that  these  associations  were  related  to  military  occupation.  It  is 
believed  that  fewer  officers  were  exposed  to  industrial  chemicals  and  degreasing  chemicals  than  enlisted 
personnel.  The  percentage  of  Comparisons  exposed  to  ionizing  radiation  was  larger  than  the  percentage 
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of  Ranch  Hands  exposed;  however,  a  greater  percentage  of  Ranch  Hands  was  exposed  to  herbicides  and 
insecticides  and  may  indicate  that  Ranch  Hands  were  more  likely  to  report  SEA  or  pre-SEA  exposures  as 
well. 

The  significant  associations  between  dioxin  and  health  measurements,  such  as  cholesterol,  HDL,  the 
cholesterol-HDL  ratio,  physical  activity  level,  and  diabetic  class,  are  likely  to  be  explained  by  body  fat. 
Higher  body  fat  measurements  are  known  to  correspond  to  higher  dioxin  levels,  lower  levels  of  HDL 
cholesterol,  and  higher  cholesterol-HDL  ratios,  as  well  as  diabetes.  Also,  higher  body  fat  is  more  likely 
to  occur  with  sedentary  lifestyles. 

Of  covariates  related  to  sun  exposure,  Ranch  Hands  with  darker  hair  tended  to  have  higher  levels  of 
initial  dioxin  than  those  with  lighter-colored  hair.  The  relation  between  dioxin  and  hair  color  was 
explained  by  military  occupation.  Dioxin  estimates  appeared  to  differ  with  eye  color  in  that  those  with 
brown  eyes  tended  to  have  higher  dioxin  levels.  Although  eye  and  hair  color  are  related,  from  the 
adjusted  analysis,  it  did  not  appear  that  the  relation  between  eye  color  and  dioxin  could  be  explained  by 
military  occupation.  A  larger  percentage  of  Ranch  Hands  lived  in  latitudes  farther  from  the  equator  than 
did  Comparisons,  and  higher  levels  of  dioxin  were  seen  for  those  participants  who  live  in  more  southerly 
latitudes.  No  significant  associations  were  observed  with  the  reaction  to  sun  exposure  covariates. 

The  relations  between  dioxin  and  current  total  household  income,  education,  current  employment  status, 
current  marital  status,  and  having  a  child  younger  than  18  years  old  appear  to  be  directly  related  to 
military  occupation.  Participants  who  were  officers  at  the  time  of  service  in  SEA  have  larger  current 
incomes  than  participants  who  were  enlisted  at  the  time  of  service  in  SEA.  Officers  have  the  lowest 
dioxin  levels  (Table  2-8);  consequently,  there  was  a  negative  association  between  income  and  dioxin.  A 
larger  percentage  of  Ranch  Hand  officers  tended  to  be  college  graduates  than  enlisted  personnel,  and, 
consequently,  college  graduates  had  lower  dioxin  levels  than  high  school  graduates.  Differences  in 
current  employment  may  be  due  to  age,  income,  and  level  of  education.  Current  marital  and  parental 
status  may  be  related  to  military  occupation  directly  or  indirectly  through  the  relation  between  military 
occupation  and  socioeconomic  factors. 


8.10  CONCLUSION 

The  purpose  of  this  chapter  was  to  determine  whether  the  covariates  used  throughout  this  report  were 
associated  with  the  estimates  of  dioxin  exposure  and,  therefore,  could  potentially  be  confounding 
variables  in  subsequent  statistical  analyses  in  this  report.  Military  occupation,  being  associated  with 
education,  may  have  influenced  the  associations  between  covariates  and  dioxin  estimates.  The 
associations  between  covariates  and  the  estimates  of  dioxin  exposure  in  this  chapter  were  adjusted  for 
military  occupation,  but  not  for  other  known  or  suspected  confounders.  Therefore,  associations  between 
covariates  and  dioxin  estimates  should  be  interpreted  with  caution. 

In  general,  the  Ranch  Hand  and  Comparison  groups  were  similar  for  the  majority  of  the  covariates; 
however,  exceptions  included  reported  herbicide  exposure,  insecticide  exposure,  and  average  lifetime 
latitude.  A  greater  percentage  of  Ranch  Hands  than  Comparisons  reported  herbicide  exposure.  Although 
the  questionnaire  had  been  structured  to  indicate  post-SEA  exposure  only,  a  possible  explanation  for  this 
association  between  group  and  herbicide  exposure  may  have  been  the  tendency  of  Ranch  Hands  to  report 
their  exposure  to  dioxin  during  their  time  of  duty  in  SEA.  A  greater  percentage  of  Ranch  Hands  reported 
exposure  to  insecticides  than  did  Comparisons.  More  Comparisons  than  Ranch  Hands  lived  in  the  more 
southerly  latitudes.  Ranch  Hands  who  lived  in  the  more  southerly  latitudes  had  a  higher  average  initial 
and  1987  dioxin  level  than  Ranch  Hands  living  in  the  more  northerly  latitudes. 
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Most  of  the  significant  associations  between  dioxin  and  the  covariates  in  the  Ranch  Hand  group  can  be 
explained  at  least  partially  by  the  effects  of  military  occupation  or  body  fat.  Of  the  three  occupational 
cohorts,  enlisted  groundcrew  had  the  highest  levels  of  1987  and  initial  dioxin.  Adjusted  analyses  in  the 
clinical  chapters  fully  account  for  group,  age,  occupation,  and  other  potential  confounders  to  further 
investigate  significant  associations  between  covariates  and  dioxin.  Body  fat  and  the  half-life  of  dioxin 
were  known  to  be  related,  and  the  Models  2  and  3  analyses  in  the  clinical  chapters  adjusted  for  body  fat. 
In  addition,  body  fat  was  used  as  a  risk  factor  where  appropriate.  The  reader  is  referred  to  these  chapters 
for  a  more  complete  assessment  of  the  effect  of  dioxin  on  the  relevant  medical  endpoints. 
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9  GENERAL  HEALTH  ASSESSMENT 


9.1  INTRODUCTION 

9.1.1  Background 

In  February  1991,  in  response  to  unanswered  questions  and  ongoing  concerns  that  Vietnam  veterans  may 
have  been  harmed  by  herbicide  defoliants,  Congress  passed  the  Agent  Orange  Act  of  1991.  Under  this 
legislation.  Public  Law  102-4,  the  National  Academy  of  Sciences  requested  the  Institute  of  Medicine 
(IOM)  to  conduct  an  independent  review  of  all  the  scientific  evidence  relevant  to  the  issue  and  to  make 
recommendations  for  the  directions  of  future  research.  The  committee  established  by  the  IOM  expanded 
its  review  beyond  studies  of  veterans  to  include  reports  in  the  world  literature  of  other  populations 
exposed  to  dioxin  by  occupation,  environmental  contamination,  or  as  a  consequence  of  industrial 
accidents.  The  first  IOM  report  (1),  Veterans  and  Agent  Orange ,  was  published  in  1994,  and  the  first 
biennial  update  was  published  in  1996  (2).  These  references  provide  an  inclusive  resource  of 
information  on  the  health  consequences  of  exposure  to  herbicides  and,  particularly,  to  dioxin.  Among 
the  valuable  contributions  was  the  stratification  of  suspect  diseases  into  three  categories — “Sufficient,” 
“Limited/Suggestive,”  and  “Inadequate/Insufficienf  ’ — based  on  the  scientific  evidence  for  and  against  an 
association  with  herbicide  exposure. 

Pertinent  to  the  Air  Force  Health  Study  (AFHS),  the  IOM  Committee  concluded  that  the  principal 
limitation  of  most  epidemiological  studies  was  the  lack  of  accurate  and  quantitative  indices  of  individual 
exposure  and  that  studies  such  as  the  AFHS,  which  include  tissue  levels  in  the  analyses,  have  limitations. 
Despite  these  concerns  and  caveats,  the  committee  emphasized  the  merits  of  the  model  of  the  AFHS  and 
proposed  that  a  similar  methodology  be  applied  to  a  study  of  the  only  other  veteran  group  with 
significant  herbicide  exposure — the  Army  Chemical  Corps.  In  its  first  recommendation,  the  committee 
endorsed  the  continued  follow-up  of  the  Air  Force  Ranch  Hand  and  Comparison  cohorts,  now  in  its 
fifteenth  year. 

Although  the  potentially  lethal  consequences  of  acute  phenoxy  herbicide  toxication  have  been  well 
defined  (3,  4),  the  latent  effects  of  herbicide  exposure  on  human  health  remain  controversial. 
Epidemiological  studies  published  in  the  scientific  literature  have  focused  on  specific  clinical  endpoints, 
particularly  malignancy,  and  have  been  based  on  cohorts  of  Vietnam  veterans  (5-15),  on  civilian 
populations  exposed  to  dioxins  by  occupation  (16-28),  or  as  a  consequence  of  industrial  accidents  (29- 
37).  These  studies  and  others  have  been  summarized  in  the  comprehensive  literature  reviews  cited  above 
(1,2)  and  those  of  the  Veterans  Health  Services  and  Research  Administration  published  since  the  last 
AFHS  examination  (38^40). 

The  scientific  basis  for  these  epidemiological  studies  in  humans  has  been  firmly  established  in  animal 
studies  conducted  over  several  decades.  In  laboratory  animals,  dioxin  toxicity  is  species-  and  strain- 
specific  and  appears  to  correlate  with  the  presence  of  a  stereospecific  protein  receptor,  the  aryl 
hydrocarbon  (Ah)  receptor,  found  in  the  cytosol  of  selected  organs  and  capable  of  binding  aromatic 
hydrocarbons  (41-44).  The  assessment  of  the  risk  of  dioxin  exposure  to  human  health  is  in  large  part 
based  on  the  molecular  and  cellular  mechanisms  of  dioxin  toxicity  in  animals  and  has  been  the  subject  of 
numerous  review  articles  (45-50).  Ah  receptors  have  been  isolated  in  the  tissue  of  several  human  organs 
(43,  51-54),  and  the  comparative  properties  of  animal  and  human  Ah  receptors  have  been  studied  (55, 


9-1 


56).  Epidemiological  studies  have  focused  on  target  organ  effects  that  have  been  defined  in  animal 
models  including  immunotoxicity,  carcinogenicity,  hepatotoxicity,  and  neurotoxicity.  In  the  chapters  that 
follow,  these  and  other  clinical  endpoints  will  be  considered  in  detail. 

The  lack  of  an  accurate  measure  of  exposure  is  now  recognized  as  the  principal  methodological 
limitation  common  to  all  of  the  early  epidemiological  investigations  into  the  effects  of  herbicides  on 
human  health.  Assay  techniques  developed  a  decade  ago  (57)  now  permit  the  accurate  detection  and 
quantitative  measurement  of  trace  amounts  of  dioxin  in  blood  and  adipose  tissue  and  the  identification  of 
those  with  significant  prior  exposure  to  dioxin.  Analyses  of  serum  dioxin  data  from  the  AFHS  (58)  and 
two  other  epidemiological  studies  (59,  60)  have  been  published  and  have  contributed  to  a  better 
understanding  of  the  pharmacokinetics  of  dioxin  in  man.  The  reliability  and  reproducibility  of  the  serum 
dioxin  assay  have  been  established  (61)  and  the  potential  effects  of  age,  body  fat,  and  time  since 
exposure  on  the  rate  of  dioxin  elimination  have  been  explored  (58).  Based  on  the  analyses  of  serial 
serum  dioxin  levels  taken  from  participants  in  the  current  study  15  to  25  years  after  exposure,  the  latest 
estimate  of  the  half-life  of  dioxin  in  humans  has  been  revised  upward  to  8.7  years  (58).  These  recent 
analyses  have  confirmed  an  earlier  report  (62)  that  an  increase  in  body  fat  is  associated  with  prolongation 
of  the  dioxin  half-life,  a  finding  that  may  be  relevant  to  the  development  of  clinical  endpoints  related  to 
obesity. 

The  serum  dioxin  assay  is  important  to  the  credibility  of  this  and  other  epidemiological  studies.  The 
Centers  for  Disease  Control  and  Prevention  study  of  serum  dioxin  levels  demonstrated  that  all  estimates 
of  herbicide  exposure  employed  previously  in  Vietnam  veterans  were  imprecise  and  that  there  was  no 
significant  difference  in  the  current  body  burden  of  dioxin  between  most  Vietnam  and  non-Vietnam 
veterans  of  the  same  era  (63,  64).  Published  reports  leave  no  doubt  that,  of  all  veterans  who  served  in 
Vietnam,  the  1,300  Air  Force  Ranch  Hand  personnel  were  among  those  most  highly  exposed  to  dioxin 
and  that,  within  this  group,  the  enlisted  groundcrew  responsible  for  handling  the  herbicides  and  for 
maintaining  the  spray  equipment  were  at  greatest  exposure  risk  (8,  9,  65). 

The  importance  of  the  serum  dioxin  assay  is  reflected  in  the  number  of  publications  reporting  serum 
dioxin  levels  in  exposed  populations  around  the  world  including  the  United  States  (16,  65-70),  Germany 
(71-73),  Russia  (74,  75),  New  Zealand  (76),  Austria  (77),  Australia  (78),  and  Italy  (35,  79).  Apart  from 
the  current  study,  only  a  few  published  reports  have  appeared  relating  clinical  and  laboratory  indices  to 
serum  or  adipose  dioxin  levels  (16,  36,  37,  80-83).  Because  these  studies  relate  health  outcomes  with 
evidence  of  prior  exposure  to  dioxin,  they  will  receive  special  attention  in  the  chapters  that  follow. 

In  this  and  previous  AFHS  examinations,  five  variables  have  been  included  in  the  general  health 
assessment:  self-perception  of  health,  appearance  of  illness  or  distress  during  the  examination,  relative 
age,  body  fat,  and  erythrocyte  sedimentation  rate.  In  the  Serum  Dioxin  Analysis  Report  of  the  1987 
examination  (8),  positive  associations  were  noted  between  measured  levels  of  dioxin  and  the  perception 
of  ill  health  and  body  fat.  In  the  1992  examinations,  these  associations  were  again  found  to  be  significant 
(9). 

Finally,  with  the  exception  of  the  1992  examinations,  a  significantly  higher  prevalence  of  elevated 
erythrocyte  sedimentation  rates  was  noted  in  the  Ranch  Hands  relative  to  the  Comparison  cohort.  In  a 
more  recent  study  (80),  one  of  the  few  to  correlate  laboratory  indices  with  the  current  body  burden  of 
dioxin,  a  positive  association  was  found  between  the  serum  dioxin  level  and  the  erythrocyte 
sedimentation  rate.  These  results  have  raised  the  possibility  of  a  subclinical  dioxin-induced 
inflammatory  process  and  point  to  the  need  for  continued  surveillance  in  this  and  the  final  AFHS 
examination  in  2002. 
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9.1,2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

9. 1.2.1  1982  Baseline  Study  Summaty  Results 

Five  general  health  variables  were  included  in  the  1982  baseline  examination:  self-perception  of  health, 
appearance  of  illness  or  distress,  relative  age,  body  fat,  and  erythrocyte  sedimentation  rate.  In  the 
analysis  of  the  baseline  examination  data,  a  statistically  significant  difference  in  self-perception  of  health 
was  found  between  the  Ranch  Hand  and  Comparison  groups,  with  a  greater  percentage  of  Ranch  Hands 
reporting  their  health  as  fair  or  poor  than  Comparisons  (20.6%  vs.  14.2%).  This  was  true  in  both  the 
younger  and  older  age  groups  (Est.  RR=1.82,  p=0.017  for  individuals  40  or  younger  and  Est.  RR=1.35, 
p=0.025  for  individuals  older  than  40).  Because  only  9  of  1,81 1  individuals  were  reported  by  the 
examining  physician  as  appearing  ill  or  distressed,  this  designation  was  apparently  reserved  for  only  very 
ill  or  distressed  individuals.  Nevertheless,  eight  of  the  nine  individuals  were  Ranch  Hands,  the  difference 
being  of  marginal  significance  (p=0.056).  Conversely,  more  Ranch  Hands  than  Comparisons  were 
reported  by  the  examiners  as  appearing  younger  than  their  actual  ages  (4.9%  vs.  2.5%,  p=0.029).  No 
overall  differences  in  body  fat  or  erythrocyte  sedimentation  rate  were  found,  although  a  significant 
interaction  between  group  and  age  for  erythrocyte  sedimentation  rate  was  noted;  younger  Ranch  Hands 
had  fewer  erythrocyte  sedimentation  rate  abnormalities  than  did  Comparisons,  whereas  no  difference  was 
found  in  participants  older  than  40. 

9. 1.2.2  1985  Follow-up  Study  Summary  Results 

General  physical  health  was  evaluated  by  the  same  five  measures  used  in  the  baseline  examination 
(self-perception  of  health,  appearance  of  illness  or  distress,  relative  age,  body  fat,  and  erythrocyte 
sedimentation  rate).  The  Ranch  Hands  again  rated  their  health  as  fair  or  poor  more  often  than  the 
Comparisons  (9.1%  vs.  7.3%,  respectively),  although  this  difference  was  not  statistically  significant. 
Further  analysis  revealed  a  significant  group-by-occupation  interaction.  Differences  were  largely 
confined  to  the  enlisted  groundcrew  category  where  the  adjusted  relative  risk  was  1.90  (p=0.003). 

Ten  individuals  were  reported  as  appearing  acutely  ill  or  distressed  at  the  1985  follow-up  examination. 

In  contrast  to  the  baseline  examination,  four  were  Ranch  Hands  and  six  were  Comparisons;  thus,  no 
group  difference  was  suggested.  Relative  age,  as  determined  by  the  examining  physician,  was  not 
significantly  different  in  the  two  groups. 

The  (geometric)  mean  erythrocyte  sedimentation  rates  did  not  differ  significantly,  either  unadjusted  or 
after  adjustment  for  age,  race,  occupation,  personality  score,  and  an  age-by-personality  score  interaction. 
In  the  discrete  analysis,  5.8  percent  of  the  Ranch  Hands  had  erythrocyte  sedimentation  rate  abnormalities 
(>20  mm/hr),  contrasted  to  3.6  percent  in  the  Comparison  group.  This  difference  was  significant  both 
unadjusted  (p=0.013)  and  adjusted  for  age  and  personality  score  (p=0.01 1). 

The  mean  body  fat  of  the  Ranch  Hands  was  significantly  lower  than  the  Comparisons  (21.10  percent  vs. 
21.54  percent,  p=0.037),  and  the  difference  was  of  nearly  the  same  magnitude  after  adjustment  for  age, 
race,  and  occupation. 

Longitudinal  differences  between  the  1982  baseline  and  the  1985  follow-up  examination  were  assessed 
by  analyses  of  two  discrete  variables:  self-perception  of  health  and  erythrocyte  sedimentation  rate. 
Analysis  of  self-perception  of  health  showed  no  significant  group  differences  in  the  change  over  time, 
with  the  Ranch  Hand  and  Comparison  groups  reporting  symmetrical  improvements  in  their  perceptions 
over  the  3-year  period.  The  erythrocyte  sedimentation  rate  analysis  revealed  a  highly  significant  group 
difference  (p=0.002),  because  of  a  reversal  of  findings  between  examinations  (i.e.,  a  significant  adverse 
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effect  in  the  [younger]  Comparisons  at  the  baseline  examination  versus  a  significant  adverse  effect  in  the 
Ranch  Hands  at  the  follow-up  examination). 

9. 1.2.3  1987  Follow-up  Study  Summary  Results 

The  general  health  in  the  Ranch  Hand  and  Comparison  groups  was  assessed  by  the  same  five  measures 
used  in  previous  AFHS  examinations:  self-perception  of  health,  appearance  of  illness  or  distress,  relative 
age,  body  fat,  and  erythrocyte  sedimentation  rate.  There  were  no  significant  group  differences,  either 
unadjusted  or  adjusted  for  covariates  (age,  race,  occupation,  and,  in  the  case  of  self-perception  of  health 
and  erythrocyte  sedimentation  rate,  personality  type),  nor  were  there  any  significant  group-by-co variate 
interactions  for  self-perception  of  health,  appearance  of  illness  or  distress,  relative  age,  or  percent  body 
fat.  There  was  little  difference  in  the  geometric  mean  values  of  erythrocyte  sedimentation  rate  in  the  two 
groups,  but  Ranch  Hands  had  a  significantly  higher  percentage  of  individuals  with  an  abnormal 
erythrocyte  sedimentation  rate  (>20  mm/hr)  than  Comparisons.  For  erythrocyte  sedimentation  rate,  there 
was  a  significant  difference  between  groups  in  the  change  from  baseline  to  the  1987  follow-up 
examination,  with  a  relatively  greater  number  of  Ranch  Hands  than  Comparisons  shifting  from  normal  at 
baseline  to  abnormal  atthe  follow-up  examination.  Only  three  participants  (two  Ranch  Hands  and  one 
Comparison)  were  found  to  have  rates  in  excess  of  100  mm/hr;  one  of  these  (a  Comparison)  proved  to 
have  lung  cancer  and  died  in  early  1989.  No  diagnosis  was  established  for  either  of  the  two  Ranch  Hands 
during  the  course  of  the  1987  examination.  Longitudinal  analyses  revealed  a  similar  decline  in  both 
groups  over  time  in  the  percentage  of  individuals  reporting  their  health  as  fair  or  poor. 

9. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

In  general,  body  fat  and  erythrocyte  sedimentation  rate  exhibited  significant  positive  associations  with 
initial  dioxin.  The  other  variables  exhibited  positive  but  nonsignificant  associations  with  initial  dioxin. 
The  unadjusted  and  adjusted  analyses  of  relative  age  appearance  exhibited  significant  interactions 
between  current  dioxin  and  time  since  tour  of  duty.  For  Ranch  Hands  with  18.6  years  or  less  since  the 
end  of  duty  in  Southeast  Asia  (SEA),  the  associations  between  relative  age  and  current  dioxin  were 
positive  and  at  least  marginally  significant  for  each  analysis  type  and  assumption.  For  the  other 
variables,  the  current  dioxin-by-time  analyses  generally  displayed  nonsignificant  but  positive 
associations  with  current  dioxin. 

In  general,  the  unadjusted  and  adjusted  analyses  for  the  four  current  dioxin  categories  overall  exhibited 
significant  contrasts  for  body  fat  and  erythrocyte  sedimentation  rate,  and  the  high  versus  background 
contrast  and  the  low  versus  background  contrast  were  significant  with  the  Ranch  Hands  exceeding 
Comparisons.  The  body  fat  results  for  the  four  current  dioxin  categories  displayed  an  increasing 
association  with  dioxin  within  the  Ranch  Hands  (i.e.,  unknown,  low,  and  high  categories);  however,  the 
background  category  for  Comparisons  exceeded  the  unknown  category  for  Ranch  Hands. 

The  longitudinal  analyses  of  self-perception  of  health  demonstrated  significant  positive  associations  with 
initial  dioxin  and  current  dioxin.  The  percentage  of  participants  who  reported  fair  or  poor  health 
decreased  by  more  than  50  percent  from  1982  to  1987.  In  the  longitudinal  analyses  of  erythrocyte 
sedimentation  rate,  the  percentages  of  abnormalities  in  1987  differed  significantly  among  the  current 
dioxin  categories. 

In  summary,  with  the  exception  of  the  erythrocyte  sedimentation  rate,  the  data  analyzed  in  the  general 
health  assessment  did  not  reveal  any  adverse  health  effect  consequent  to  herbicide  exposure  or  to  the 
current  body  burden  of  dioxin. 
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9. 1.2.5  1992  Follow-up  Study  Summary  Results 

In  the  assessment  of  general  health,  significant  differences  between  Ranch  Hands  and  Comparisons — the 
enlisted  groundcrew  in  particular — were  evident  for  self-perception  of  health.  Significant  associations 
between  negative  self-perception  of  health  and  initial  and  current  levels  of  dioxin  also  were  evident. 
These  results  are  consistent  with  the  1985  and  1987  follow-up  examinations.  In  contrast  to  self¬ 
perception  of  health,  no  significant  results  were  found  for  the  appearance  of  illness  or  distress  and 
relative  age  appearance,  which  were  recorded  by  the  examining  physicians. 

The  analyses  of  body  fat  displayed  a  significant  positive  association  with  current  dioxin,  whether 
calculated  on  a  whole-weight  or  lipid-adjusted  basis.  Erythrocyte  sedimentation  rate  also  displayed  a 
significant  positive  association  with  current  dioxin  levels. 

In  the  longitudinal  analysis,  the  increase  in  the  percentage  of  Ranch  Hands  who  perceived  their  health  to 
be  poor  in  1992  from  those  that  were  normal  in  1982  was  significantly  associated  with  initial  dioxin 
levels.  Relative  age  appearance  also  displayed  a  significant  positive  association  with  initial  dioxin.  The 
change  in  body  fat  from  1982  to  1992  was  significantly  associated  with  initial  dioxin,  and  a  significant 
difference  between  Ranch  Hands  and  Comparisons  also  was  found,  especially  in  enlisted  groundcrew. 

9.1.3  Parameters  for  the  1997  General  Health  Assessment 

9. 1.3.1  Dependent  Variables 

The  general  health  assessment  was  based  on  data  from  the  1997  questionnaire,  physical  examination,  and 
laboratory  data. 

9. 1.3. 1. 1  Questionnaire  Data 

During  the  health  interview  given  to  each  participant,  the  following  question  was  asked:  “Compared  to 
other  people  your  age,  would  you  say  your  health  is  excellent,  good,  fair,  or  poor?”  This  self-reported 
perception  was  analyzed  as  a  measure  of  the  general  health  status  of  each  participant,  although  it  was 
recognized  that  the  perception  was  susceptible  to  varying  degrees  of  conscious  and  subconscious  bias 
(most  participants  were  aware  of  their  serum  dioxin  levels).  This  variable  was  dichotomized  as 
“excellent  or  good”  and  “fair  or  poor”  for  statistical  analyses.  No  participants  were  excluded  for  medical 
reasons  from  the  analysis  of  this  variable. 

9. 1.3. 1.2  Physical  Examination  Data 

Three  variables  derived  from  the  1997  Scripps  Clinic  physical  examination  were  analyzed  in  the 
assessment  of  general  health.  For  the  first  variable,  the  physician  at  the  examination  recorded  the 
appearance  of  illness  or  distress  (yes,  no)  of  the  study  participant.  For  the  second  variable,  the  physician 
noted  the  appearance  of  the  subject  as  younger  than,  older  than,  or  the  same  as  his  stated  age.  This 
variable  was  dichotomized  as  “older  than”  and  “same  as  or  younger  than”  for  statistical  analyses.  To  the 
degree  that  the  examining  physicians  were  kept  blind  to  the  participant’s  group  membership,  these 
assessments  were  less  subject  to  bias  than  the  self-perception  of  health. 

The  third  variable,  body  fat,  was  a  measure  of  the  relative  body  mass  of  an  individual  and  was  calculated 
from  height  (in  meters)  and  weight  (in  kilograms)  recorded  at  the  physical  examination.  Non-ambulatory 
participants  were  weighed  on  a  Scale-Tronix®  6006,  which  allowed  a  participant  to  be  weighed  in  a 
wheelchair,  if  necessary.  Body  fat  was  calculated  from  a  metric  body  mass  index  (84);  the  formula  is 
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Body  Fat  (in  percent )=  _■  •  1.264-13.305. 

[Height  (m)  f 

This  variable  was  analyzed  in  both  the  discrete  and  continuous  forms.  For  purposes  of  discrete  analyses, 
body  fat  was  dichotomized  as  “lean  or  normal”  (<25  percent)  and  “obese”  (>25  percent).  Lean 
participants  (less  than  10  percent  body  fat)  were  categorized  with  normal  participants  because  few  of  the 
people  in  this  study  fit  this  definition  (nine  participants:  six  Comparisons  and  three  Ranch  Hands).  This 
variable  did  not  reflect  changes  in  weight  since  time  of  duty  in  SEA.  No  participants  were  excluded  for 
medical  reasons  from  the  analyses  of  these  three  variables. 

9. 1.3 . 1.3  Laboratory  Examination  Data 

The  erythrocyte  sedimentation  rate  (mm/hr),  measured  at  the  laboratory  examination,  was  analyzed. 
Although  nonspecific,  a  high  erythrocyte  sedimentation  rate  generally  indicates  an  ongoing  disease 
process.  This  variable  was  analyzed  in  both  the  discrete  and  continuous  forms.  No  participants  were 
excluded  for  medical  reasons  from  the  analysis  of  this  variable. 

9. 1.3. 2  Covariates 

The  effects  of  the  covariates  age,  race  (Black,  non-Black),  military  occupation  (officer,  enlisted  flyer, 
enlisted  groundcrew),  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  current  alcohol  use, 
and  lifetime  alcohol  history  were  used  for  analyses  with  all  dependent  variables. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Lifetime  alcohol  history  was 
based  on  information  from  the  1997  questionnaire  and  combined  with  similar  information  gathered  at  the 
1987  and  1992  follow-up  examinations.  Each  participant  was  asked  about  his  drinking  patterns 
throughout  his  lifetime.  When  a  participant’s  drinking  pattern  changed,  he  was  asked  to  describe  how  his 
alcohol  consumption  differed  and  the  duration  of  time  that  the  drinking  pattern  lasted.  The  participant’s 
average  daily  alcohol  consumption  was  determined  for  each  of  the  reported  drinking  pattern  periods 
throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of  drink-years  was  derived. 
One  drink-year  was  the  equivalent  of  drinking  1.5  ounces  of  an  80-proof  alcoholic  beverage,  one  12- 
ounce  beer,  or  one  5-ounce  glass  of  wine  per  day  for  1  year.  Current  alcohol  use  was  defined  as  the 
average  number  of  drinks  per  day  during  the  month  prior  to  completing  the  questionnaire. 

Current  cigarette  smoking  and  lifetime  cigarette  smoking  history  were  based  on  questionnaire  data.  For 
lifetime  cigarette  smoking  history,  the  respondent’s  average  smoking  was  estimated  over  his  lifetime 
based  on  his  responses  to  the  1997  questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes 
smoked  during  a  single  year. 

Personality  type  (Type  A,  Type  B)  was  used  as  a  covariate  in  the  analysis  of  self-perception  of  health  and 
sedimentation  rate  only.  Personality  type  was  determined  from  the  Jenkins  Activity  Survey  administered 
during  the  1997  follow-up  examination  and  was  derived  from  a  discriminant-function  equation  based  on 
questions  that  best  discriminate  men  judged  to  be  Type  A  from  those  judged  to  be  Type  B  (85).  Positive 
scores  reflect  the  Type  A  direction;  negative  scores  reflect  the  Type  B  direction.  Personality  type  was 
dichotomized  as  Type  A  or  Type  B  for  all  analyses  of  self-perception  of  health  and  erythrocyte 
sedimentation  rate. 
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9.1.4  Statistical  Methods 


Table  9-1  summarizes  the  statistical  analyses  performed  for  the  general  health  assessment.  The  first  part 
of  this  table  describes  the  dependent  variables  and  identifies  the  co  variates,  exclusions,  and  the  statistical 
methods.  The  second  part  of  the  table  further  describes  the  covariates.  A  covariate  was  used  in  its 
continuous  form  whenever  possible  for  all  adjusted  analyses.  If  the  covariate  was  inherently  discrete 
(e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of  association  with 
the  dependent  variables,  the  co variate  was  categorized  as  shown  in  Table  9-1. 

Outpoints  for  erythrocyte  sedimentation  rate  were  age-dependent.  Consequently,  normal  and  abnormal 
levels  for  erythrocyte  sedimentation  rate  were  constructed  according  to  a  participant’s  laboratory  value 
and  age  at  the  physical  examination.  The  age-specific  cutpoints  also  are  listed  in  Table  9-1,  and  the 
reference  ages  for  these  cutpoints  are  given  in  parentheses  following  the  cutpoints. 

Table  9-2  provides  a  summary  of  the  number  of  participants  with  missing  dependent  variable  and 
covariate  data. 


Table  9-1.  Statistical  Analysis  for  the  General  Health  Assessment 

Dependent  Variables 

Variable  (Units) 

Data 

Source 

Data 

Form 

Cutpoints 

Covariates* 

Exclusions 

Statistical  Analysis 
and  Methods 

Self-perception  of  Health 

Q-SR 

D  ’ 

Fair  or  Poor 

a) 

None 

U:LR 

Excellent  or  Good 

A:LR 

L:LR 

Appearance  of  Illness 

PE 

D 

Yes 

(2) 

None 

U:LR 

Or  Distress  as  Assessed  by 

No 

A:LR 

Physician 

L:LR,CS 

Relative  Age  Appearance 

PE 

D 

Older 

(2) 

None 

U:LR 

as  Assessed  by  Physician 

Same  or  Younger 

A:LR 

L:LR 

Body  Fat  (percent) 

PE 

D/C 

Obese:  >25% 

(2) 

None 

U:LR,GLM 

Lean  or  Normal: 

A:LR,GLM 

<25% 

L:LR,GLM 

Erythrocyte  Sedimentation 

LAB 

D/C 

Abnormal: 

(1) 

None 

U:LR,GLM 

Rate  (mm/hr) 

>15  (Age  4(M9) 

A:LR,GLM 

>20  (Age  >50) 

L:LR,GLM 

Normal: 

<15  (Age  40-49) 

<20  (Age  >50) 

a  Co  variates: 

(1) :  age,  race,  military  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  current  alcohol  use, 
lifetime  alcohol  history,  personality  type. 

(2) :  age,  race,  military  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  current  alcohol  use, 
lifetime  alcohol  history. 
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Table  9-1.  Statistical  Analysis  for  the  General  Health  Assessment  (Continued) 
Covariates 


Variable  (Units) 

Data  Source 

1  Date  Form 

Age  (years) 

MIL 

D/C 

Born  >  1942 

Born<  1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

Current  Cigarette  Smoking 

Q-SR 

D/C 

O-Never 

(cigarettes/day) 

0-Former 

>0-20 

>20 

Lifetime  Cigarette  Smoking  History 

Q-SR 

D/C 

0 

(pack-years) 

>0-10 

>10 

Current  Alcohol  Use  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 

Lifetime  Alcohol  History  (drink- 

Q-SR 

D/C 

0 

years) 

>0-40 

>40 

Personality  Type 

PE 

D 

A  Direction 

B  Direction 

Abbreviations 

Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 

PE:  1997  physical  examination 

Q-SR:  1997  health  questionnaire  (self-reported) 

Data  Form:  D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 

Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 

Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 

GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 
TT:  Two-sample  t-test 
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Table  9-2.  Number  of  Participants  with  Missing  Data  for  the  General  Health  Assessment 


Dioxin 

Group 

(Ranch  Hands  Only  )  Categorized  Dioxin 

Variable* 

Use 

Ranch 

Comparison 

Initial 

1987  j 

Ranch 

Hand 

Comparison 

Self-perception  of  Health 

DEP 

1 

0 

0 

1 

1 

0 

Erythrocyte  Sedimentation 
Rate 

DEP 

0 

1 

0 

0 

0 

0 

Personality  Type 

COV 

3 

0 

1 

3 

3 

0 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette  Smoking 
History 

COV 

2 

1 

1 

2 

2 

1 

Current  Alcohol  Use 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


9. 1.4. 1  Longitudinal  Analysis 

Longitudinal  analyses  on  all  of  the  variables  described  above  (self-perception  of  health,  appearance  of 
illness  or  distress  by  the  physician,  relative  age,  body  fat,  and  erythrocyte  sedimentation  rate)  were 
conducted  to  evaluate  the  changes  between  the  1982  baseline  examination  and  the  1997  follow-up 
examination. 

The  erythrocyte  sedimentation  rate  abnormal  cutpoints  differ  by  examination  date  and  age.  For  the  1982 
baseline  examination,  the  cutpoint  was  12  mm/hr  for  all  participants  (that  is,  erythrocyte  sedimentation 
rates  greater  than  12  mm/hr  were  considered  abnormal).  For  the  1985,  1987,  1992,  and  1997  follow-up 
examinations,  the  cutpoint  was  15  mm/hr  for  participants  younger  than  50  and  20  mm/hr  for  participants 
at  least  50  years  old  at  the  time  of  the  examination.  A  participant  was  considered  to  be  normal  or 
abnormal  based  on  his  age  and  the  cutpoint  at  the  given  examination  for  discrete  analyses.  Methods  of 
compensation  for  the  change  in  cutpoints  over  time  for  the  continuous  analyses  include  the  use  of  age 
and  the  measurement  in  1982  as  co variates. 
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9.2  RESULTS 


9.2. 1  Dependent  Variable-Co variate  Associations 

The  results  of  covariate  associations  with  each  dependent  variable  are  documented  in  Appendix  F,  Table 
F-l.  These  associations  are  pairwise  between  the  dependent  variable  and  the  covariate  and  are  not 
adjusted  for  any  other  covariates.  These  results  are  discussed  below. 

Tests  of  associations  for  self-perception  of  health  revealed  significant  associations  with  race,  occupation, 
current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  (p=0.010,  p=0.001,  p=0.001,  and 
p=0.001,  respectively).  The  percentage  of  Blacks  who  perceived  their  health  to  be  fair  or  poor  was  19.5 
percent,  compared  to  1 1.5  percent  for  non-Blacks.  Enlisted  groundcrew  reported  their  health  as  fair  or 
poor  most  often  (14.9%)  among  the  occupation  strata,  followed  by  enlisted  flyers  (14.5%)  and  officers 
(7.7%).  Of  the  participants  who  currently  smoke  and  smoke  20  cigarettes  or  less  per  day,  19.9  percent 
reported  their  health  as  fair  or  poor.  In  contrast,  7.7  percent  of  participants  who  have  never  smoked 
reported  their  health  as  fair  or  poor.  Participants  who  were  the  heaviest  cigarette  smokers  across  their 
lifetime  (>10  pack-years)  perceived  their  health  as  fair  or  poor  more  often  than  those  who  smoked  less. 
The  percentage  for  this  category  was  15.2  percent,  whereas  the  percentage  for  participants  in  the 
moderate  lifetime  cigarette  smoking  category  (>0-10  pack-years)  was  10.8  percent.  Of  the  participants 
who  have  never  smoked,  7.7  percent  rated  their  health  as  fair  or  poor. 

Tests  of  associations  for  appearance  of  illness  or  distress  revealed  that  race,  current  cigarette  smoking, 
and  lifetime  cigarette  smoking  history  were  significant  covariates  (p=0.003,  p=0.030,  and  p=0.027, 
respectively).  The  percentages  of  Blacks  and  non-Blacks  that  appeared  ill  or  distressed  were  4.7  and  1.2, 
respectively.  Participants  currently  smoking  more  than  0,  but  up  to  20  cigarettes  per  day,  appeared  ill  or 
distressed  most  often  (2.9%),  followed  by  those  in  the  more  than  20  cigarettes  per  day  category  (2.2%), 
the  former  smoker  category  (1.3%),  and  never  smoked  category  (0.5%).  Percentages  for  lifetime 
cigarette  smoking  history  were  2.1,  1.1,  and  0.5  for  the  greater  than  10  pack-years,  the  greater  than  0  but 
no  more  than  10  pack-years,  and  the  0  pack-years  categories,  respectively. 

For  relative  age  appearance,  significant  covariate  associations  were  found  with  occupation,  current 
cigarette  smoking,  and  lifetime  cigarette  smoking  history  (p=0.001  for  each  covariate).  Enlisted  flyers 
appearing  older  were  12.7  percent,  while  1 1.0  and  5.6  percent  of  enlisted  groundcrew  and  officers, 
respectively,  appeared  older.  The  percentage  of  current  smokers  appearing  older  in  the  greater  than  20 
cigarettes  per  day  category  was  25.6  percent,  compared  to  only  3.9  percent  for  participants  who  had 
never  smoked.  The  greater  than  10  pack-years  category  of  lifetime  cigarette  smoking  history  exhibited 
the  highest  percentage  of  participants  that  appeared  older  (13.2%).  Nonsmokers  exhibited  the  lowest 
percentage  (3.9%). 

The  association  tests  for  body  fat  in  its  continuous  form  revealed  that  current  cigarette  smoking,  current 
alcohol  use,  and  lifetime  alcohol  history  were  significant  covariates  (p<0.001,  p<0.001,  and  p=0.022, 
respectively).  For  each  analysis,  each  covariate  was  negatively  associated  with  body  fat  (r=-0.187, 
r=-0.094,  r— 0.050,  respectively). 

Significant  results  from  the  association  tests  for  body  fat  in  its  discrete  form  were  found  among  the 
following  covariates:  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  and 
current  alcohol  use  (p=0.001,  p=0.001,  p=0.026,  and  p=0.003,  respectively).  For  the  occupation  analysis, 
the  percentages  of  participants  classified  as  obese  were  33.1  percent  for  enlisted  groundcrew,  28.1 
percent  for  enlisted  flyers,  and  25.3  percent  for  officers.  Participants  who  were  former  smokers  were 
classified  as  obese  the  most  often  (33.6%).  Current  smokers  who  smoke  more  than  20  cigarettes  per  day 
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exhibited  the  lowest  percentage  of  obesity  (19.0%).  The  analysis  of  lifetime  cigarette  smoking  history 
revealed  the  highest  proportion  of  obesity  among  participants  in  the  greater  than  0  but  no  more  than  10 
pack-years  category  (33.7%).  Following  were  28.1  percent  for  those  in  the  greater  than  10  pack-years 
category  and  27. 1  percent  for  nonsmokers.  The  current  alcohol  use  analysis  displayed  the  highest 
percentage  of  obesity  (30.9%)  for  those  participants  who  currently  drink  no  more  than  1  drink  per  day. 

Analysis  of  erythrocyte  sedimentation  rate  in  its  continuous  form  revealed  significant  associations  with 
age,  occupation,  lifetime  cigarette  smoking  history,  and  lifetime  alcohol  history  (p<0.001,  p<0.001, 
p<0.001,  and  p=0.019,  respectively).  Correlations  with  erythrocyte  sedimentation  rate  were  positive  for 
age  (r=0.179),  lifetime  cigarette  smoking  history  (r=0.155),  and  lifetime  alcohol  history  (r=0.051). 

Within  the  occupational  strata,  the  mean  erythrocyte  sedimentation  rate  was  4.39  mm/hour  for  officers, 
5.61  mm/hour  for  enlisted  flyers,  and  4.85  mm/hour  for  enlisted  groundcrew. 

Tests  of  association  for  erythrocyte  sedimentation  rate  in  its  discrete  form  revealed  that  age,  current 
cigarette  smoking,  and  lifetime  cigarette  smoking  history  were  significant  covariates  (p=0.033,  p=0.003, 
and  p=0.002,  respectively).  Older  participants  had  a  greater  occurrence  of  high  erythrocyte 
sedimentation  rates  (8.7%)  than  did  younger  participants  (6.1%).  Both  current  cigarette  smoking  and 
lifetime  cigarette  smoking  history  exhibited  an  increase  in  the  percentage  of  abnormal  erythrocyte 
sedimentation  rates  as  the  amount  of  cigarette  smoking  increased. 

9.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  9-1.  Dependent  variables  are  grouped  into  three  sections:  (1)  the  Questionnaire  Variable,  derived 
from  the  questionnaire  administered  in  the  1997  follow-up  examination,  (2)  the  Physical  Examination 
Variables,  obtained  during  the  1997  physical  examination,  and  (3)  the  Laboratory  Variable,  derived  from 
the  laboratory  portion  of  the  1997  follow-up  examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  9-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  and  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  parts  per  trillion  (ppt).  If  a 
participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If 
a  participant  did  not  have  a  1987  or  a  1992  dioxin  level,  a  1997  level  was  used  to  estimate  the  initial 
dioxin  level.  A  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood 
measurement  of  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination 
rate  (58).  This  adjustment  was  accomplished  for  the  unadjusted  and  adjusted  analyses  of  all  dependent 
variables  except  body  fat  in  1997.  The  use  of  body  fat  at  the  time  of  the  participant’s  blood  measurement 
of  dioxin  as  a  covariate  masks  the  relation  between  body  fat  in  1997  and  the  dioxin  measure. 
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Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand”  category. 
Dioxin  levels  in  1992  were  used  if  the  1987  levels  were  not  available,  and  dioxin  levels  in  1997  were 
used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons,  background 
Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses.  The  relation 
between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in 
the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation  of  the  dependent 
variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons,  also  was 
conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand”  category.  As 
in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood 
measurement  of  dioxin  was  included  in  this  model  for  the  unadjusted  and  adjusted  analyses  of  all 
dependent  variables  except  body  fat  in  1997. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in 
all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement, 
the  1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  the 
1992  dioxin  measurement,  a  1997  measurement  was  used  to  determine  the  dioxin  level. 

9.2.2. 1  Questionnaire  Variable 

9.2.2. 1.1  Self-perception  of  Health 

The  unadjusted  and  adjusted  Model  1  analyses  of  self-perception  of  health  revealed  a  significant 
difference  between  Ranch  Hands  and  Comparisons  across  occupations  (Table  9~3(a):  Est.  RR-1 .44, 
p=0.007,  and  (b):  Adj.  RR=1.43,  p=0.010,  respectively).  Unadjusted  and  adjusted  differences  within  the 
enlisted  groundcrew  stratum  also  were  significant  (Table  9-3(a):  Est.  RR=1.50,  p=0.028,  and  (b):  Adj. 
RR=1.48,  p=0.035,  respectively).  Ranch  Hands  perceived  their  health  to  be  fair  or  poor  more  often  than 
did  Comparisons  (i.e.,  14.3%  of  Ranch  Hands  versus  10.4%  of  Comparisons  overall). 

Model  2  revealed  a  nonsignificant  association  between  initial  dioxin  and  self-perception  of  health  for 
both  the  unadjusted  and  adjusted  analyses  (Table  9-3(c)  and  (d):  p=0.859  and  p=0.832,  respectively). 

The  Model  3  unadjusted  and  adjusted  analyses  of  self-perception  of  health  revealed  significant 
differences  between  Ranch  Hands  and  Comparisons  for  the  low  Ranch  Hand  category  (Table  9-3(e):  Est. 
RR=1.77,  p=0.005,  and  (f):  Adj.  RR=1.62,  p=0.020,  respectively)  and  the  high  Ranch  Hand  category 
(Table  9-3(e):  Est.  RR=2.14,  p<0.001,  and  (f):  Adj.  RR=  1.86,  p=0.002,  respectively).  The  low  and  high 
Ranch  Hand  categories  combined  were  also  significant  in  the  unadjusted  and  adjusted  analyses  (Table 
9-3(e):  Est.  RR=  1.95,  p<0.001,  and  (f):  Adj.  RR=  1.74,  p=0.001,  respectively).  Ranch  Hands  in  the  low 
and  high  dioxin  categories  perceived  their  health  to  be  fair  or  poor  more  often  than  did  Comparisons  (i.e., 
16.3%  of  Ranch  Hands  in  the  low  dioxin  category  and  19.8%  of  Ranch  Hands  in  the  high  dioxin  category 
versus  9.8%  of  Comparisons). 

The  Model  4  unadjusted  analysis  revealed  a  significant  relation  between  1987  dioxin  levels  and  self¬ 
perception  of  health  (Table  9-3(g):  Est.  RR=1.22,  p=0.002).  The  relation  was  marginally  significant 
after  adjustment  for  covariates  (Table  9-3(h):  p=0.079). 


9-12 


Table  9-3.  Analysis  of  Self-perception  of  Health 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

illlHiiplll 

Group 

.  Number  (%)  : 
Fair  or  Poor 

Est  Relative  Risk  1 
.  (95%  C.I.) 

p-Value 

All 

Ranch  Hand 

869 

124(14.3) 

1.44  (1.10,1.87) 

0.007 

Comparison 

1,251 

130  (10.4) 

Officer 

Ranch  Hand 

341 

30  (8.8) 

1.31  (0.78,2.18) 

0.308 

Comparison 

494 

34  (6.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

26  (17.2) 

1.48  (0.81,2.72) 

0.203 

Comparison 

187 

23  (12.3) 

Enlisted 

Ranch  Hand 

377 

68  (18.0) 

1.50(1.05,2.15) 

0.028 

Groundcrew 

Comparison 

570 

73  (12.8) 

(b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Adjasted  Relative  Risk 

AU 

1.43  (1.09,1.87) 

0.010 

Officer 

1.26  (0.75,2.12) 

0.383 

Enlisted  Flyer 

1.52  (0.82,2.82) 

0.183 

Enlisted  Groundcrew 

1.48(1.03,2.14) 

0.035 

(c)  MODEL 

2:  RANCH  HANDS 

-  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|  f|  Analysis  Results  for  Log2  (Ihitial  DiOxin)8 1 J  |  V 

liilfeiiliilipl 

Number  (%) 

x  Estimated  Relative  Risk  t  ?  J 

liiiiSlilliilii® 

(MM 

llililliilllllll 

(95%  C.I.)b 

|gj|§|  p-Value'  |Jtjl|  j 

Low 

160 

25  (15.6) 

1.02  (0.85,1.21) 

Medium 

162 

35(21.6) 

High 

160 

27  (16.9) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

mmmm 

'  t  '  *'  (95%  CX)"  ’  ! 

All 

0.98(0.79,1.21) 

0.832 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  9-3.  Analysis  of  Self-perception  of  Health  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

■  n 

Fair  or  Poor  (95%  C.I.)ab 

p-Value 

Comparison 

1,213 

119  (9.8) 

Background  RH 

380 

34  (9.0)  0.97(0.65,1.45) 

0.880 

Low  RH 

239 

39(16.3)  1.77(1.19,2.62) 

0.005 

High  RH 

243 

48(19.8)  2.14(1.48,3.10) 

<0.001 

Low  plus  High  RH 

482 

87(18.1)  1.95  (1.44,2.63) 

<0.001 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-ADJUSTED  f|Hlf 

>  %  Adjusted  Relative  Risk  f  1  T  1 

n 

(95%  CX)“ 

MBfgmm  jiiiiissiiti 

Comparison 

1,211 

Background  RH 

376 

1.13(0.75,1.72) 

0.555 

Low  RH 

237 

1.62(1.08,2.44) 

0.020 

High  RH 

240 

1.86(1.26,2.74) 

0.002 

Low  plus  High  RH 

477 

1.74(1.27,2.37) 

0.001 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

f|S  fcf  Analysis  Results  for  Lpg2  (l987  bioxiri  +  Jt|  | l 

H  j|  1  rf  ! 

4  %  <  ;  hf  ijjffir  f  Fairrtf^Fdor 

Low  287  23  (8.0) 

Medium  287  41  (14.3) 

High  288  57  (19.8) 

1.22(1.08,1.39)  0.002 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  9-3.  Analysis  of  Self-perception  of  Health  (Continued) 


■(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

^  -  ■  'Analysis  Results  for  L^gi  (l987^pioxin^  lj  ” 

Adjusted  Relative  Risk 

p-Value 

853  1.14(0.98,1.32) 

0.079 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

9.2.2.2  Physical  Examination  Variables 

92.2.2. 1  Appearance  of  Illness  or  Distress  as  Assessed  by  Physician 

The  unadjusted  and  adjusted  analysis  of  appearance  of  illness  or  distress  as  assessed  by  a  physician 
revealed  nonsignificant  differences  between  Ranch  Hands  and  Comparisons  (p>0.24  for  each  contrast)  in 
the  Model  1  analyses  (Table  9-4(a)  and  (b)).  Similarly,  the  analyses  for  Model  2  (Table  9-4(c)  and  (d)) 
and  Model  4  (Table  9-4(g)  and  (h))  each  revealed  a  nonsignificant  relation  between  appearance  of  illness 
or  distress  as  assessed  by  a  physician  and  dioxin  (both  initial  and  1987  levels;  p>0.1 1  for  all  analyses). 

Differences  between  Ranch  Hands  with  low  dioxin  levels  and  Comparisons  were  significant  in  the  Model 
3  unadjusted  analysis  of  appearance  of  illness  or  distress  as  assessed  by  a  physician  (Table  9-4(e):  Est. 
RR=2.78,  p=0.031).  A  significant  difference  also  was  found  when  the  combination  of  low  and  high 
Ranch  Hands  was  contrasted  with  Comparisons  in  the  unadjusted  analysis  (Table  9-4(e):  Est.  RR=2.30, 
p=0.041).  After  adjustment  for  covariate  effects,  these  contrasts  were  marginally  significant  for  Ranch 
Hands  with  low  dioxin  levels  (Table  9-4(f):  p=0.092)  and  nonsignificant  for  the  combination  of  low  and 
high  Ranch  Hands  (p=0.1 18).  All  other  contrasts  examined  in  the  unadjusted  and  adjusted  analyses  of 
appearance  of  illness  or  distress  as  assessed  by  physician  were  nonsignificant  (p>0.22  for  each  remaining 
contrast). 


Table  9-4.  Analysis  of  Appearance  of  Illness  or  Distress 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Category 

'^(■rroup  '  In  H 

flfllptiilll 

Nulmber 

1  'Est'-Relatiye^kiik'. 

All 

Ranch  Hand 

870 

15(1.7) 

1.55  ( 0.74,3.23 ) 

0.242 

Comparison 

1,251 

14(1.1) 

Officer 

Ranch  Hand 

341 

3  (0.9) 

1.09  (0.24,4.89) 

0.913 

Comparison 

494 

4  (0.8) 

Enlisted  Flyer 

Ranch  Hand 

151 

3  (2.0) 

1.87  (0.31,11.37) 

0.494 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

378 

9  (2.4) 

1.71  (0.66,4.48) 

0.272 

Groundcrew 

Comparison 

570 

B(1.4) 
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Table  9-4.  Analysis  of  Appearance  of  Illness  or  Distress  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

.  i  1  Occupational  Category  |  t 

Adjusted  Relative  Risk 
(95%  C.L) 

All 

1.44(0.67,3.06) 

0.350 

Officer 

1.13(0.25,5.16) 

0.878 

Enlisted  Flyer 

2.12(0.33,13.61) 

0.426 

Enlisted  Groundcrew 

1.42  (0.52,3.89) 

0.496 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

>  "f  [  Analysis  Results  for  Log2  (Initial  Dioxin)* 

Initial  Number  (%) 

Dioxin  •  n  ;•  Yes 

if-:; :  Estimated  Relative ;Ri^:vif§||lt lllfllli 

(95%  C.I.)b  p-Value 

Egg 

0.71  (0.42,1.20)  0.178 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

•  .  ■  .  ■  -,V  ;; %:.(/,£ ■.•£':& :,v  .  *-£>  Nj; 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
n  ■  t  (95%c.L)a 

i  ii  <  |  *  1 1  ,  J  <  5  §  j  *  t  f  3 

478 _ 0.65  (0.36,1.15) _ 0.117 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  { 

Iff  ki 

f|  l4;JEst.  Relative  Risk  H 

IBSIliiMiiiiiil 

Comparison 

1,213 

13(1.1) 

Background  RH 

381 

3  (0.8) 

0.74  (0.21,2.63) 

0.645 

Low  RH 

239 

7  (2.9) 

2.78(1.10,7.04) 

0.031 

High  RH 

243 

5(2.1) 

1.92  (0.67,5.45) 

0.223 

Low  plus  High  RH 

482 

12  (2.5) 

2.30(1.03,5.13) 

0.041 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  9-4.  Analysis  of  Appearance  of  Illness  or  Distress  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk  < 

Dioxin  Category 

n 

(95%  C.I.)a 

p-Value 

Comparison 

1,211 

Background  RH 

378 

0.76  (0.21,2.80) 

0.684 

Low  RH 

237 

2.31  (0.87,6.11) 

0.092 

High  RH 

241 

1.67  (0.54,5.19) 

0.372 

Low  plus  High  RH 

478 

1.96  (0.84,4.58) 

0.118 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1987  Number  (%) 

Dioxin  n  Yes 

1.09(0.78,1.52)  0.631 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

856  1.05  (0.72,1.52) 

0.800 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

9. 2. 2.2. 2  Relative  Age  Appearance  as  Assessed  by  Physician 

All  unadjusted  and  adjusted  analyses  of  relative  age  appearance  as  assessed  by  a  physician  were 
nonsignificant  (Table  9-5:  p>0.10  for  each  analysis)  for  Models  1  through  4. 
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Table  9-5.  Analysis  of  Relative  Age  Appearance 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

•liiiiiiiii 

n 

Number  (%) 

iiiiiiiiiiii 

1 Est.  Relative  Risk  t# 
(95%  CX)  ; 

p-Value 

All 

Ranch  Hand 

870 

90  (10.3) 

1.27(0.95,1.71) 

0.112 

Comparison 

1,251 

104  (8.3) 

Officer 

Ranch  Hand 

341 

22  (6.5) 

1.29  (0.72,2.33) 

0.392 

Comparison 

494 

25  (5.1) 

Enlisted  Flyer 

Ranch  Hand 

151 

22  (14.6) 

1.35  (0.71,2.56) 

0.361 

Comparison 

187 

21  (11.2) 

Enlisted 

Ranch  Hand 

378 

46(12.2) 

1.22  (0.81,1.84) 

0.337 

Groundcrew 

Comparison 

570 

58  (10.2) 

(b)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

mj*;  -C-' 8  ;/A  {V.  '%'■  * 1  -Av '  >f.^'  \?  ; '  {■>'£  )L  \\ •.;»  ;A'-  v ..  \  off  »>'  ■  frj  : ; 1  •/>>''  {<0  !  c‘.'  ;  r< 

Occupational  Category 

1 •?  Adjusted  Relative  Risk 

(95%  Cl.)  . 

All 

1.21  (0.88,1.65) 

0.237 

Officer 

1.29  (0.70,2.36) 

0.410 

Enlisted  Flyer 

1.28  (0.65,2.50) 

0.476 

Enlisted  Groundcrew 

1.14(0.74,1.75) 

0.550 

RANCH  HANDS 

-  INITIAL  DIOXIN  -  UNADJUSTED 

rffcl  fimf  n 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log*  (Initial  Dioxin)8  ,L:  § 1 

Number  (%) 

Estimated  Relative  Risk 

liliigiiiiii 

Older 

•  (95%  C.I.)b 

mmmmm  • 

Low 

160 

1.05  (0.84,1.30) 

0.694 

Medium 

162 

High 

160 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -INITIAL  DIOXIN  -ADJUSTKD 

Adjusted  Relative  Risk 

478  1.01  (0.77,1.31) 

0.962 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  9-5.  Analysis  of  Relative  Age  Appearance  ( Continued ) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

n  ■ : 

Older  ■  (95%  C.I.)ab  :  ; 

p- Value 

Comparison 

1,213 

102  (8.4) 

Background  RH 

381 

39(10.2)  1.25(0.84,1.84) 

0.271 

Low  RH 

239 

24(10.0)  1.22(0.76,1.94) 

0.415 

High  RH 

243 

27(11.1)  1.36(0.87,2.13) 

0.183 

Low  plus  High  RH 

482 

51  (10.6)  1.29(0.90,1.83) 

0.166 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

liililisiilfi* 

HfiMH  Category  jjf  Jjl 

ilililliiiflii 

(95%C.I.)a 

Comparison 

1,211 

Background  RH 

378 

1.42(0.93,2.16) 

0.102 

Low  RH 

237 

1.11  (0.67,1.82) 

0.691 

High  RH 

241 

1.05  (0.65,1.69) 

0.857 

Low  plus  High  RH 

478 

1.08  (0.74,1.57) 

0.706 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

■ :  ■:  ■■  \ ;  ...  '■  ,  ....  ■  •  ..  . .. :  '■  --  ... 

WBsKmBSm  Category 

\  Dioxin  ?  p 

Low  288  33(11.5) 

Medium  287  25  (8.7) 

High  288  32(11.1) 

0.97(0.83,1.12)  0.654 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  9-5.  Analysis  of  Relative  Age  Appearance  (Continued) 


•(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log>  (1987  Dioxin  +  1) 
|  f  1 $ 1  Adjusted  Relative  Risk 


p-Value 


856 


0.89  (0.75,1.05) 


0.153 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


9.2.2.23  Body  Fat  ( Continuous ) 

The  Model  1  analyses  of  body  fat  in  its  continuous  form  revealed  nonsignificant  differences  between 
Ranch  Hands  and  Comparisons  when  examined  across  all  occupations  and  within  each  occupation  (Table 
9-6(a,b):  p>0.3 1  for  each  contrast). 

The  association  between  initial  dioxin  and  body  fat  examined  in  the  unadjusted  Model  2  analyses  also 
revealed  marginally  significant  results  (Table  9-6(c):  p=0.081).  After  adjustment  for  covariate  effects, 
this  association  became  significant  (Table  9-6(d):  p=0.020).  Body  fat  increased  as  initial  dioxin  levels 
increased. 

Differences  in  mean  body  fat  between  Ranch  Hands  and  Comparisons  exhibited  a  dose-response  relation 
in  Model  3  analyses.  As  dioxin  exposure  increased,  body  fat  also  increased.  The  unadjusted  and 
adjusted  results  are  shown  in  Tables  9-6(e)  and  9-6(f),  respectively.  Comparisons  had  a  significantly 
higher  body  fat  mean  than  did  Background  Ranch  Hands  (p<0.001  unadjusted  and  adjusted).  The 
adjusted  body  fat  mean  of  Ranch  Hands  in  the  low  dioxin  category  was  marginally  significantly  greater 
than  Comparisons  (Table  9-6(f):  p=0.052).  Ranch  Hands  in  the  high  dioxin  category  had  a  significantly 
greater  body  fat  mean  than  did  Comparisons  (p=0.001,  unadjusted,  and  p=0.002,  adjusted). 

The  Model  4  unadjusted  and  adjusted  analyses  each  revealed  a  significant  association  between  1987 
dioxin  levels  and  body  fat  (Table  9-6(g):  slope=0.046,  p<0.001  and  (h):  adjusted  slope=0.054,  p<0.001). 
Body  fat  increased  as  dioxin  levels  increased.  Adjusted  body  fat  means  for  the  low,  medium,  and  high 
1987  dioxin  categories  were  20.01  percent,  22.30  percent,  and  23.60  percent,  respectively. 
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Table  9-6.  Analysis  of  Body  Fat  (Percent)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

memsm 

Group 

gliliiiiii 

Difference  of  Means 
(95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

870 

22.09 

-0.19  - 

0.436 

Comparison 

1,251 

22.28 

Officer 

Ranch  Hand 

341 

22.04 

0.17  - 

0.656 

Comparison 

494 

21.87 

Enlisted  Flyer 

Ranch  Hand 

151 

21.69 

-0.51  - 

0.390 

Comparison 

187 

22.20 

Enlisted 

Ranch  Hand 

378 

22.30 

-0.37  - 

0.318 

Groundcrew 

Comparison 

570 

22.67 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJ 

|j.  1:  K  SrM  f  %  L(  | 

Group  %  ft  s. 

llpHSli 

Adjusted 

Difference  of  Adj.  Means 
(95%  C.I.)b 

p-Value1 

AU 

Ranch  Hand 

863 

22.13 

-0.17- 

0.481 

Comparison 

1,248 

22.29 

Officer 

Ranch  Hand 

340 

21.96 

0.16- 

0.674 

Comparison 

493 

21.81 

Enlisted  Flyer 

Ranch  Hand 

149 

21.84 

-0.59  - 

0.319 

Comparison 

186 

22.43 

Enlisted  Groundcrew 

Ranch  Hand 

374 

22.45 

-0.31  - 

0.394 

Comparison 

569 

22.76 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  9-6.  Analysis  of  Body  Fat  (Percent)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin 

n 

Mean3 

R2 

■  Slope  y 

(Std.  Error)b  p-Value;  ; 

Low 

22.75 

0.006 

0.015  (0.009)  0.081 

Medium 

162 

23.46 

High 

160 

23.71 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  body  fat  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

-■  ••  !  •  <  * ,,  *  ..  *  , 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

R2  (Std.  Error)b  p-Value 

Low  159  22.37 

Medium  161  23.68 

High  158  23.88 

0.105  0.022(0.010)  0.020 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  body  fat  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

.n  r. 

Mean3 

Difference  of 

Mean  vs.  Comparisons 
(95%  C.I.)b 

p-Va!uec 

Comparison 

1,213 

22.26 

Background  RH 

381 

20.64 

-1.62  - 

<0.001 

Low  RH 

239 

23.04 

0.78  - 

High  RH 

243 

23.57 

1.31- 

Low  plus  High  RH 

482 

23.30 

1.04  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  9-6.  Analysis  of  Body  Fat  (Percent)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj;  Mean 
vs.  Comparisons" 


Dioxin  Category 

n 

Adj.Mean8 

(95%  C.I.)b 

p- Value0 

Comparison 

1,211 

22.25 

Background  RH 

378 

20.73 

-1.52  - 

<0.001 

Low  RH 

237 

23.00 

0.75  - 

0.052 

High  RH 

241 

23.51 

1.26  - 

0.002 

Low  plus  High  RH 

478 

23.26 

1.01  - 

0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4: 

1987  DIOXIN -UNA] 

JJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

;j  [|  1  1987  Dioxin 

*  Mean”  $f 

Ifliil!! 

Slope  (Std.  Error)b  \ 

Low 

288 

20.35 

0.072 

0.046  (0.006) 

<0.001 

Medium 

287 

22.59 

High 

288 

23.45 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  body  fat  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


MODEL  4:  RANCHH^NDS -AD JUSTED  }  Q  \  * \  :  « 

PPijl|  S|  i  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |  |j§j|  |  j|  |  J 

Adjusted 

4’1987t!I)ibxin^jri'  jfVfeaii*^^ 

Adjusted  Slope 

illili :  ift|  ||§  f |i 

Low  287  20.01 

Medium  284  22.30 

High  285  23.60 

0.155  0.054  (0.006)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  body  fat  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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9.2.2.2A  Body  Fat  (Discrete) 

All  contrasts  from  the  Models  1  and  2  unadjusted  and  adjusted  analyses  of  body  fat  in  its  discrete  form 
revealed  nonsignificant  differences  between  Ranch  Hands  and  Comparisons  (Table  9-7(a-d):  p>0.17  for 
all  contrasts). 

Significantly  fewer  Ranch  Hands  in  the  Background  category  than  Comparisons  were  obese  (Table 
9-7(e):  Est.  RR:  0.56,  p<0.001  unadjusted,  and  Table  9-7(f):  Adj.  RR:  0.60,  p=0.001  adjusted). 
Adjusted  contrasts  of  Ranch  Hands  in  the  low  dioxin  category,  and  in  the  low  and  high  dioxin  categories 
combined,  with  Comparisons  showed  a  marginally  significantly  higher  percentage  of  obese  Ranch  Hands 
(Table  9-7(f):  p=0.073  and  p=0.097,  respectively). 

The  Model  4  analyses  revealed  significant  positive  associations  of  body  fat  with  1987  dioxin  levels, 
(Table  9-7(g):  Est.  RR=  1.26,  p<0.001,  and  (h):  Adj.  RR=  1.29,  p<0.001).  Body  fat  increased  as  1987 
dioxin  increased. 


Table  9-7.  Analysis  of  Body  Fat  (Discrete) 


RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Category 

tsifjiiSiliiiiisti 

n 

Est  Relative  Risk 

p-Value 

All 

Ranch  Hand 

870 

244  (28.1) 

0.91  (0.75,1.10) 

0.316 

Comparison 

1,251 

376(30.1) 

Officer 

Ranch  Hand 

341 

88  (25.8) 

1.05(0.76,1.44) 

0.767 

Comparison 

494 

123  (24.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

37  (24.5) 

0.72  (0.45,1.17) 

0.186 

Comparison 

187 

58  (31.0) 

Enlisted 

Ranch  Hand 

378 

119(31.5) 

0.88(0.67,1.17) 

0.382 

Groundcrew 

Comparison 

570 

195  (34.2) 

(b)  MODEL  1: 

RANC  H  HANDS  VS.  COMPARISONS  -  AD.H  STED 

1 1  fin  Occupational  Category  |g§  jg 

(95%  CX) 

p-Value 

All 

0.92  ( 0.75,1.11 ) 

0.369 

Officer 

1.05  (0.77,1.45) 

0.754 

Enlisted  Flyer 

0.71  (0.43,1.16) 

0.173 

Enlisted  Groundcrew 

0.89  (0.67,1.18) 

0.431 
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Table  9-7.  Analysis  of  Body  Fat  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1  c‘  |y;§;§  Initial  Dioxin  Category  Summary  Statistics  *  *  i 

Analysis  Results  for  Log*  (Initial  Dioxin) 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  CX)a  p-Value 

Low  160  55  (34.4) 

Medium  162  59(36.4) 

High  160  54  (33.8) 

1.00(0.87,1.15)  0.989 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Vfl 

lllliBfe!*; 

Adjusted  Relative  Risk 
''  (95%  C.L)a  ' 

478 

1.00(0.85,1.19) 

0.986. 

3  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

hihwhh 

n  '//> 

Number  (%) 
Obese 

C  Est  Relative  Risk  ^ 

'  (95%  CX)8  • 

!|®|SliSSI  HEE(I 

Comparison 

1,213 

361  (29.8) 

Background  RH 

381 

73  (19.2) 

0.56  (0.42,0.74) 

<0.001 

Low  RH 

239 

85  (35.6) 

1.30  (0.97,1.74) 

0.076 

High  RH 

243 

83  (34.2) 

1.22  (0.91,1.64) 

0.175 

Low  plus  High  RH 

482 

168  (34.9) 

1.26(1.01,1.58) 

0.042 

3  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  9-7.  Analysis  of  Body  Fat  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,211 

Background  RH 

378 

0.60  (0.45,0.80) 

Low  RH 

237 

1.31  (0.97,1.77) 

High  RH 

241 

1.12(0.83,1.53) 

Low  plus  High  RH 

478 

1.21  (0.97,1.53) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

fg  |||  |  Analysis  Results  for  Log2  (1987Dioxin + §§|| fg  jj  J  |||l 

1987  Number  (%) 

Dioxin  n  Obese 

(95%  C.I.)a  '  p- Value 

Low  288  51  (17.7) 

Medium  287  90(31.4) 

High  288  100  (34.7) 

1.26(1.14,1.40)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS 

-1987  DIOXIN  -  ADJUSTED 

|’:U 

Analysis  Results  for  Log2  (1987  Dioxin  +;I)gj  §j§| 
Adjusted  Relative  Risk 

p>  Value 

856 

1.29(1.14,1.46) 

<0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


9. 2.2. 3  Laboratory  Variable 

9. 2.2. 3. 1  Erythrocyte  Sedimentation  Rate  ( Continuous ) 

All  analysis  results  from  Models  1,  2,  and  3  of  erythrocyte  sedimentation  rate  were  nonsignificant  (Table 
9-8(a~f):  p>0.17  for  each  analysis).  The  Model  4  analysis  revealed  a  significant  association  between 
erythrocyte  sedimentation  rate  and  1987  dioxin  levels  for  both  the  unadjusted  and  adjusted  analyses 
(Table  9-8(g):  p=0.004,  and  (h):  p=0.037,  respectively).  Erythrocyte  sedimentation  rate  increased  as 
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dioxin  increased  in  these  analyses.  Adjusted  erythrocyte  sedimentation  rate  means  for  the  low,  medium, 
and  high  1987  dioxin  categories  were  4.34  mm/hr,  4.62  mm/hr,  and  5.29  mm/hr,  respectively. 


Table  9-8.  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr)  (Continuous) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Mean* 

Difference  of  Means 
,  (95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

870 

4.82 

0.09  - 

0.680 

Comparison 

1,251 

4.74 

Officer 

Ranch  Hand 

341 

4.36 

-0.05  - 

0.873 

Comparison 

494 

4.41 

Enlisted  Flyer 

Ranch  Hand 

151 

5.35 

-0.47  - 

0.429 

Comparison 

187 

5.83 

Enlisted 

Ranch  Hand 

378 

5.06 

0.35  - 

0.263 

Groundcrew 

Comparison 

570 

4.71 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 


<bi  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

mimm 

BliiawillliiiSli 

5  7'!  <  f  I'  ^  '  i 

Group  n  Mean8 

.prv^'DififerencenfAdj^  Means 

(95%  C.I.)b  p 

iSiiillSi 

All 

Ranch  Hand 

860 

5.12 

0.04  - 

0.850 

Comparison 

1,248 

5.08 

Officer 

Ranch  Hand 

339 

4.30 

-0.08  - 

0.789 

Comparison 

493 

4.38 

Enlisted  Flyer 

Ranch  Hand 

148 

5.13 

-0.60  - 

0.286 

Comparison 

186 

5.74 

Enlisted  Groundcrew 

Ranch  Hand 

373 

5.81 

0.42  - 

0.236 

Comparison 

569 

5.39 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
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Table  9-8.  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean8  Adj.  Mean8b 

Slope 

R2  (Std.  Error  )c  p-Value 

Low  160  4.70  4.74 

Medium  162  5.99  6.00 

High  160  5.04  4.99 

0.009  0.029  (0.034)  0.387 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  erythrocyte  sedimentation  rate  +  0.1  versus  log2  (initial 
dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


-  ^ITIAL  DliDXlN 

-  ADJUSTED  || 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adj,  Mean8 

rnmmsmm 

j|j§|  -  .Adj.  Sio)pe:^||^'c: 

(Std.  Error)b  [  \  prYalue 

Low 

159 

4.45 

0.086 

0.041  (0.039)  0.289 

Medium 

160 

5.66 

High 

158 

4.83 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  erythrocyte  sedimentation  rate  +  0.1  versus  log2  (initial 
dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


j(e)  MODEJLj  Sj  'RXnCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


?  1 1  Dioxin  Category 

:  n 

Adj.  Meanab 

Difference  of  Adj;  Mean 
:  J  f  vs.  Comparisons 

'l*  i  ’ 

p- Value43 

Comparison 

1,213 

4.75 

4.74 

Background  RH 

381 

4.31 

4.48 

-0.26  - 

Low  RH 

239 

5.12 

5.06 

0.32  - 

High  RH 

243 

5.32 

5.12 

0.38  - 

Low  plus  High  RH 

482 

5.22 

5.09 

0.35  - 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  9-8.  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr)  (Continuous)  (Continued) 
(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons 


Dioxin  Category 

>  n 

Adj.  Mean2 

(95%  C.I.)b 

p-Valuec 

Comparison 

1,211 

5.12 

Background  RH 

376 

4.92 

0.484 

Low  RH 

237 

5.12 

High  RH 

240 

5.48 

Low  plus  High  RH 

477 

5.29 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUS1 

ED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for:Log2  (1987;Dibxin  fjllil If  1  lit 

1987  Dioxin  n  Mean2 

R2  Slope  (Std.  Error)b  p-Value 

Low  288  4.20 

Medium  287  4.81 

High  288  5.46 

0.009  0.063  (0.022)  0.004 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  erythrocyte  sedimentation  rate  +  0.1  versus  log2  (1987 
dioxin  +1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

S-SSfe  1  Analysis  Results  for  Log2  (1987 Dioxin  +  1)  jig  |  > 

1987 

I]  |  Dioxin  •  |i=J  fi  gtj  SlfUS  "  Adj?  Mean2  M 

l  ^ (Std?  EirOr)bI^| ■  ^ ' p? Yajue' ; ' ' 

Low  285  4.34 

Medium  284  4.62 

High  284  5.29 

0.088  0.052  (0.025)  0.037 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  erythrocyte  sedimentation  rate  +  0.1  versus  log2  (1987 
dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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9.2.23.2  Erythrocyte  Sedimentation  Rate  ( Discrete ) 

Similar  to  the  continuous  analyses,  all  results  from  the  analyses  of  erythrocyte  sedimentation  rate  in  its 
discrete  form  in  Models  1,  2,  and  3  were  nonsignificant  (Table  9-9(a-f):  p>0.13).  The  Model  4 
unadjusted  analysis  revealed  a  significant  association  between  erythrocyte  sedimentation  rate  and  1987 
dioxin  levels  (Table  9-9(g):  Est.  RR=1.18,  p=0.040).  After  adjustment  for  covariates,  this  association 
was  nonsignificant  (Table  9-9(h):  p=0.169). 


Table  9-9.  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete) 


' '  Occupational 

Group 

Number  (%) 

|  v  |  Abnormal  1 J  j  | 

Est.  Relative  Risk 

; ? *  (95%  c.i.)  ;VU ,  ’• 

Siliiiiil 

AU 

Ranch  Hand 

870 

72  (83) 

1.19  (0.86,1.65) 

0.289 

Comparison 

1,251 

88  (7.0) 

Officer 

Ranch  Hand 

341 

20  (5.9) 

0.84  (0.48,1.49) 

0.557 

Comparison 

494 

34  (6.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

17(11.3) 

1.57  (0.75,3.29) 

0.235 

Comparison 

187 

14  (7.5) 

Enlisted 

Ranch  Hand 

378 

35  (9.3) 

1.35  (0.84,2.17) 

0.212 

Groundcrew 

Comparison 

570 

40  (7.0) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

| 

\  it  in 

Adjusted  Relative  Risk 

1,(95%  C.I.)  ;;  V 

p-Value 

All 

1.17(0.84,1.63) 

0.356 

Officer 

0.86  (0.48,1.53) 

0.602 

Enlisted  Flyer 

1.59  (0.75,3.38) 

0.231 

Enlisted  Groundcrew 

1.29  (0.79,2.10) 

0.305 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|  Analysis  Results  for.  liog2  (Initial  Dioxin)8  1  . 

’  4 1  Initial  |f||f  ||i||  if  /  l||v  | 

1 1 1  Dioxin  In,  11  Hi  Abhcirinaili  | 

|f  Estimated  Relative  Risk  llljl  |  fM'%  V  |  f  n  |f  || 
(95%  G.I.)b  ■;  p-Valuc 

Low  160  11  (6.9) 

Medium  162  19(11.7) 

High  160  15  (9.4) 

1.17(0.93,1.46)  0.179 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  9-9.  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete)  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

illlllSBllliij: 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
■  (95%  CX)a  ■  : 

jlgjjjgj  jl  )j|l|||!|  , 

.;x ; \  ,ii  X  V "  . fcjfgf  ; ! ; : .'•>! f  ’it*;;;  .s'  HI; 

p- Value 

477 

1.23  (0.94,1.62) 

0.138 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

§f  UNADJUSTED  ||| 

n 

Number  (%) 

1 1  Est  Relative  Risk 
;  (95%  C.I.)ab 

p-Value 

Comparison 

1,213 

85  (7.0) 

Background  RH 

381 

25  (6.6) 

1.03  (0.65,1.64) 

0.908 

Low  RH 

239 

21  (8.8) 

1.25  (0.75,2.06) 

High  RH 

243 

24  (9.9) 

1.34  (0.83,2.16) 

0.236 

Low  plus  High  RH 

482 

45  (9.3) 

1.29  (0.88,1.89) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

,  $  -vv .  •/>}?'  p  .5.  V' f<  SiMh-  *J^~r '  <  *  C  tes  X  $  1h  "k  'lf>  f&J  rlh'b 

ADJUSTED 

|i  Adjusted  Relative  Risk  |  j§| 55  f|| 

|  Dioxin  Category  1 1  J 

n 

(95%  CJ.)a  • 

p-Value 

Comparison 

1,211 

Background  RH 

376 

1.07  (0.66,1.73) 

0.777 

Low  RH 

237 

1.04(0.61,1.75) 

0.897 

High  RH 

240 

1.36(0.82,2.26) 

0.237 

Low  plus  High  RH 

All 

1.19(0.80,1.77) 

0.398 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  9-9.  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

^  8'  |(  1987iDipxitt^atego^Suttliiiary  Statistics  V  ^ 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  {%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  288  19  (6.6) 

Medium  287  23  (8.0) 

High  288  28  (9.7) 

1.18(1.01,1.39)  0.040 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

Adjusted  Relative  Risk 

•  :  :  -  n  (95%  CX)a  ■■  ■',.  .  ^  p- Value 

_ 853 _ 1.14(0,94,1.38) _ 0.169 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


9.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  five  variables — self-perception  of  health,  appearance  of  illness 
or  distress,  relative  age,  body  fat,  and  erythrocyte  sedimentation  rate — to  examine  whether  changes 
across  time  differed  with  respect  to  group  membership  (Model  1),  initial  dioxin  (Model  2),  and 
categorized  dioxin  (Model  3).  Model  4  was  not  examined  in  longitudinal  analyses  because  1987  dioxin, 
the  measure  of  exposure  in  these  models,  changes  over  time  and  is  not  available  for  all  participants  for 
1982  or  1997. 

Discrete  analyses  were  performed  for  all  variables,  and  continuous  analyses  were  additionally  performed 
for  body  fat  and  erythrocyte  sedimentation  rate.  The  longitudinal  analyses  for  all  of  these  variables 
investigated  the  difference  between  the  1982  examination  and  the  1997  examination.  These  analyses 
were  used  to  investigate  the  temporal  effects  of  dioxin  during  the  15-year  period  between  1982  and  1997. 

The  cutpoints  for  abnormal  erythrocyte  sedimentation  rate  differed  by  examination  date  and  age.  For  the 
1982  baseline  examination,  the  cutpoint  was  12  mm/hr  for  all  participants.  For  the  1985,  1987,  and  1992 
follow-up  examinations,  the  cutpoint  was  15  mm/hr  for  participants  younger  than  50  and  20  mm/hr  for 
participants  at  least  50  years  old  at  the  time  of  the  examination. 

Participants  who  were  abnormal  in  1982  were  not  included  in  the  longitudinal  analysis  of  discrete 
dependent  variables.  The  purpose  of  the  longitudinal  analysis  was  to  examine  the  effects  of  dioxin 
exposure  across  time.  Participants  who  were  abnormal  in  1982  were  not  considered  to  be  at  risk  for 
developing  the  condition,  because  the  condition  already  existed  at  the  time  of  the  first  collection  of  data 
for  the  AFHS  (1982).  Only  participants  who  were  normal  at  the  1982  examination  were  considered  to  be 
at  risk  for  developing  the  condition;  therefore,  the  rate  of  abnormalities  under  this  restriction 
approximates  an  incidence  rate  between  1982  and  1997.  That  is,  an  incidence  rate  is  a  measure  of  the 
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rate  at  which  people  without  a  condition  develop  the  condition  during  a  specified  period  of  time  (86). 
Summary  statistics  are  provided  for  reference  purposes  for  the  1985,  1987,  and  1992  examinations. 

The  longitudinal  analyses  for  the  discrete  variables  examined  relative  risks  at  the  1997  examination  for 
participants  who  were  classified  as  normal  at  the  1982  examination.  The  adjusted  relative  risks  estimated 
from  each  of  the  three  models  were  used  to  investigate  the  change  in  the  dependent  variable  over  time. 

All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  the  percentage  of  body  fat 
at  the  time  of  the  blood  measurement  of  dioxin.  This  was  accomplished  for  all  dependent  variables 
except  body  fat  in  1997.  As  described  previously,  the  use  of  body  fat  at  the  time  of  the  participant’s 
blood  measurement  of  dioxin  as  a  covariate  masks  the  relation  between  body  fat  in  1997  and  the  dioxin 
measure. 

The  longitudinal  analysis  for  the  two  continuous  variables  examined  the  paired  difference  between  the 
measurements  from  1982  and  1997.  These  paired  differences  measured  the  change  in  body  fat  or 
erythrocyte  sedimentation  rate  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis  was 
adjusted  for  age  and  the  dependent  variable  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods). 

The  analyses  of  Models  2  and  3  for  erythrocyte  sedimentation  rate  also  were  adjusted  for  percent  body 
fat  at  the  time  of  the  blood  measurement  of  dioxin.  A  logarithmic  transformation  was  applied  to  both  of 
these  variables  for  analytic  purposes. 

9.2.3. 1  Questionnaire  Variable 

9.2.3. 1.1  Self-perception  of  Health 

Longitudinal  analyses  were  conducted  for  the  examination  of  participant’s  self-perception  of  health  in 
1997.  Only  participants  who  reported  their  health  as  excellent  or  good  in  1982  were  included  in  the 
analysis.  Results  from  analyses  of  all  three  models  are  found  in  Table  9-10  and  indicate  no  significant 
associations  between  self-perception  of  health  and  any  of  the  three  measures  of  dioxin  exposure  (group 
status,  initial  dioxin,  or  categorized  dioxin:  p>0.11  for  each  contrast). 
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Table  9-10.  Longitudinal  Analysis  of  Self-perception  of  Health 

(a)  MODEL  It 

RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Number  (%)  Fair  or  Poor/(n) 
Examination 

Group 

1982 

1985 

1987 

1992 

1997 

All 

Ranch  Hand 

152  (18.7) 

62  (7.8) 

43  (5.5) 

67(8.5) 

117  (14.4) 

(813) 

(795) 

(788) 

(792) 

(813) 

Comparison 

129  (13.2) 

53  (5.5) 

42  (4.4) 

59  (6.2) 

103  (10.6) 

(974) 

(956) 

(949) 

(952) 

(974) 

Officer 

Ranch  Hand 

33  (10.7) 

11(3.6) 

12  (4.0) 

14  (4.6) 

28  (9.1) 

(309) 

(305) 

(302) 

(305) 

(309) 

Comparison 

35  (9.2) 

13  (3.5) 

7(1.9) 

16  (4.3) 

26  (6.9) 

(379) 

(373) 

(367) 

(374) 

(379) 

Enlisted  Flyer 

Ranch  Hand 

31  (21.1) 

6(4.2) 

6  (4.2) 

13  (9.0) 

24(16.3) 

(147) 

(144) 

(142) 

(144) 

(147) 

Comparison 

22  (15.2) 

9(6.3) 

4  (2.8) 

10  (7.0) 

16(11.0) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

88  (24.7) 

45  (13.0) 

25  (7.3) 

40(11.7) 

65(18.2) 

Groundcrew 

(357) 

(346) 

(344) 

(343) 

(357) 

Comparison 

72  (16.0) 

31  (7.1) 

31  (7.1) 

33  (7.6) 

61  (13.6) 

(450) 

(439) 

(439) 

(435) 

(450) 

Occupational 

-Excelled 

t  or  Good  in  1982 

®  Number  (%)  Fair  *  Adj.  Relative  Risk 

Category 

Group 

n  in  1997 

or  Poor  in  19 

HiiM 

.  (95%  C.l.V1 

All 

Ranch  Hand 

661 

49  (7.4) 

1.07  (0.72,1.58) 

0.746 

Comparison 

845 

59  (7.0) 

Officer 

Ranch  Hand 

276 

13  (4.7) 

1.01  (0.48,2.14) 

0.978 

Comparison 

344 

16  (4.7) 

Enlisted  Flyer 

Ranch  Hand 

116 

10(8.6) 

1.37  (0.52,3.60) 

0.526 

Comparison 

123 

8  (6.5) 

Enlisted 

Ranch  Hand 

269 

26  (9.7) 

1.08  (0.63,1.84) 

0.783 

Groundcrew 

Comparison 

378 

35  (9.3) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  an  excellent  or  good  self-perception  of  health  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  9-10.  Longitudinal  Analysis  of  Self-perception  of  Health  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Number  (%)  Fair  or  Poor/(n) 
Examination 


1982 

1985  ; 

''  Hi}  1992  y\ 

1997 

Low 

25  (16.3) 

14  (9.3) 

8  (5.3) 

13  (8.8) 

24  (15.7) 

(153) 

(150) 

(152) 

(148) 

(153) 

Medium 

40  (25.3) 

15  (9.7) 

11(7.1) 

20(12.9) 

34  (21.5) 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

27  (17.8) 

20(13.4) 

9(6.1) 

16  (10.7) 

25  (16.5) 

(152) 

(149) 

(147) 

(149) 

(152) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)1 

Excellent  or  Good  in  1982 

Adj.  Relative  Risk 

(95%  C.I.)b  p-Value 

Initial  Number  (%)  Fair 

Dioxin  n  in  1997  or  Poor  in  1997 

0.89(0.66,1.20)  0.440 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

6  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  an  excellent  or  good  self-perception  of  health  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


TJumber  (%)|Fait}'or  Pdor/(n) 
-Examination  j 


U;  Dioxin  Category  Jg 

fg§  1982  |i|  || 

wmmmm 

ng  1992  1 

Biiiliii 

Comparison 

122  (12.9) 

51  (5.5) 

40  (4.3) 

54  (5.8) 

93  (9.8) 

(946) 

(931) 

(923) 

(925) 

(946) 

Background  RH 

57  (16.6) 

13  (3.9) 

14  (4.3) 

17(5.1) 

31  (9.0) 

(344) 

(336) 

(329) 

(335) 

(344) 

Low  RH 

44  (19.2) 

22  (9.9) 

15  (6.6) 

20  (9.0) 

38  (16.6) 

(229) 

(223) 

(226) 

(222) 

(229) 

High  RH 

48  (20.5) 

27(11.7) 

13  (5.7) 

29  (12.6) 

45  (19.2) 

(234) 

(231) 

(228) 

(230) 

(234) 

Low  plus  High  RH 

92  (19.9) 

49  (10.8) 

28  (6.2) 

49  (10.8) 

83  (17.9) 

(463) 

(454) 

(454) 

(452) 

(463) 
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Table  9-10.  Longitudinal  Analysis  of  Self-perception  of  Health  (Continued) 


Excellent  or  Good  in  1982 


Dioxin  Category 

n  in  1997 

Number  (%)  Fair 
or  Poor  in  1997 

Adj.  Relative  .Risk 
(95%  C.I.)ab  ; 

p-Va!ueb 

Comparison 

824 

53  (6.4) 

Background  RH 

287 

13  (4.5) 

0.74  (0.39,1.38) 

0.339 

Low  RH 

185 

16  (8.7) 

1.32  (0.74,2.38) 

0.349 

High  RH 

186 

19(10.2) 

1.56  (0.89,2.75) 

0.119 

Low  plus  High  RH 

371 

35  (9.4) 

1.44  (0.92,2.26) 

0.113 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  an  excellent  or  good  self-perception  of  health  in  1982  (see  Chapter  7,  Statistical 
Methods). 


9.23.2  Physical  Examination  Variables 
9.23.2.1  Appearance  of  Illness  or  Distress 

Longitudinal  analyses  were  conducted  on  participants  in  the  1997  follow-up  who  did  not  appear  ill  or 
distressed  in  1982.  The  results  revealed  no  significant  differences  between  Ranch  Hands  and 
Comparisons  in  the  percentage  of  participants  that  appeared  ill  or  distressed,  either  when  examined 
across  all  occupations  or  within  each  occupational  category  (Table  9-1 1(a):  p>0.19  for  each  contrast). 
Analyses  that  examined  the  effect  of  initial  dioxin  on  appearance  of  illness  or  distress  also  were 
nonsignificant  (Table  9-1 1(b):  p=0.132).  A  statistically  significant  difference  in  the  appearance  of 
illness  or  distress  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  was  found,  with  a 
greater  percentage  of  Ranch  Hands  appearing  ill  or  distressed  (Table  9-1 1(c):  Adj.  RR=3.07,  p=0.029). 
The  relative  risk  estimate  remained  significant  when  Ranch  Hands  from  the  low  and  high  dioxin 
categories  were  combined  (Adj.  RR=2.50,  p=0.049).  Other  contrasts  of  Ranch  Hands  and  Comparisons 
were  nonsignificant  (p>0.24  for  each  remaining  contrast). 
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Table  9-11.  Longitudinal  Analysis  of  Appearance  of  Illness  or  Distress 

(a)  MODEL  !: 

RANCH  HANDS  VS.  COMPARISONS 

..  Number  ( %)  Yes/(n) 

■illlBSii 

Examination 

Group 

mm 

1985 

1987  1 

1992 

III  1997 

All 

Ranch  Hand 

5(0.6) 

2  (0.3) 

2  (0.3) 

16(2.0) 

14(1.7) 

(817) 

(797) 

(791) 

(795) 

(817) 

Comparison 

1  (0.1) 

3  (0.3) 

2  (0.2) 

13  (1.4) 

9  (0.9) 

(974) 

(956) 

(948) 

(954) 

(974) 

Officer 

Ranch  Hand 

3(1.0) 

1  (0.3) 

1  (0.3) 

8  (2.6) 

3(1.0) 

(312) 

(308) 

(305) 

(307) 

(312) 

Comparison 

0  (0.0) 

0  (0.0) 

0  (0.0) 

4(1.1) 

3  (0.8) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

0  (0.0) 

1  (0.7) 

0  (0.0) 

3(2.1) 

3  (2.0) 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

1  (0.7) 

2(1.4) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

(144) 

(143) 

(142) 

(142) 

(144) 

Enlisted 

Ranch  Hand 

2  (0.6) 

0(0.0) 

1  (0.3) 

5(1.5) 

8  (2.2) 

Groundcrew 

(357) 

(344) 

(343) 

(343) 

(357) 

Comparison 

0  (0.0) 

1  (0.2) 

2(0.5) 

9(2.1) 

6(1.3) 

(450) 

(439) 

(438) 

(437) 

(450) 

miiil 

Occupational 

iiiiiliitii 

Nui 

mber  (%) 

'•  i  Adj.  Relative  Risk  '  < 

Category 

Group 

n  in  1997 

§?j|t§  Yes  iii  1997 

p- Value6 

All 

Ranch  Hand 

812 

13  (1.6) 

1.75(0.74,4.11) 

0.196 

Comparison 

973 

9  (0.9) 

Officer 

Ranch  Hand 

309 

2  (0.7) 

0.82  (0.14,4.95) 

0.829 

Comparison 

380 

3  (0.8) 

Enlisted  Flyer 

Ranch  Hand 

148 

3  (2.0) 

__ 

0.258b 

Comparison 

143 

0  (0.0) 

Enlisted 

Ranch  Hand 

355 

8  (2.3) 

1.81  (0.62,5.28) 

0.280 

Groundcrew 

Comparison 

450 

6(1.3) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 

b  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
appearing  ill  or  distressed. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  appearing  ill  or  distressed. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  did  not  appear  ill  or  distressed  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  9-11.  Longitudinal  Analysis  of  Appearance  of  Illness  or  Distress  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

Number  (%)  Yes/(n) 

Examination 

Initial  Dioxin 

1985 

H  | }  1987 

1992 

1997 

Low 

0  (0.0) 

0  (0.0) 

0  (0.0) 

3  (2.0) 

7  (4.6) 

054) 

(151) 

(153) 

(149) 

(154) 

Medium 

0  (0.0) 

1  (0.7) 

0  (0.0) 

4  (2.6) 

3  (1.9) 

(158) 

(154) 

(155) 

(155) 

(158) 

High 

2(1.3) 

0  (0.0) 

1  (0.7) 

1  (0.7) 

1  (0.7) 

(152) 

(148) 

(147) 

(149) 

(152) 

Initial  Dioxin  Category  Summary  Statistics 

,,  j  <  Analysis  Results  for  Log2  (Initial  Dioxin)8  , ; 

Adj.  Relative  Risk 

:  (95%  C.I.)1*  V  p-Value 

Initial  Dioxin  n  in  1997  Yes  in  1997 

. 

0.65(0.35,1.20)  0.132 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  did  not  appear  ill  or  distressed  in  1982  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  R^NCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  ( %)Yes/(n) 


p® 

||i  j  fill  IB  1 

HiSSIIi 

IBS 

llBlliBlilll 

Comparison 

1  (0.1) 

3  (0.3) 

2  (0.2) 

12(1.3) 

9  (1.0) 

(946) 

(931) 

(922) 

(927) 

(946) 

Background  RH 

3  (0.9) 

1  (0.3) 

1  (0.3) 

7(2.1) 

3  (0.9) 

(347) 

(339) 

(331) 

(337) 

(347) 

Low  RH 

0  (0.0) 

1  (0.5) 

0  (0.0) 

5  (2.3) 

7(3.1) 

(229) 

(223) 

(226) 

(222) 

(229) 

High  RH 

2  (0.9) 

0  (0.0) 

1  (0.4) 

3  (1-3) 

4(1.7) 

(235) 

(230) 

(229) 

(231) 

(235) 

Low  plus  High  RH 

2  (0.4) 

1  (0.2) 

1  (0.2) 

8  (1.8) 

11(2.4) 

(464) 

(453) 

(455) 

(453) 

(464) 
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Table  9-11.  Longitudinal  Analysis  of  Appearance  of  Illness  or  Distress  (Continued) 


|  Dioxin  Category  fffl 

No  in  1982 

'  ®  i  v  Number  (%)  fjj 

Yes  in  1997 

Adj.  Relative  Risk 
:  (95 %  C.I.)“b 

p-Valueb 

Comparison 

945 

9(1.0) 

Background  RH 

344 

2  (0.6) 

0.59  (0.13,2.77) 

0.507 

Low  RH 

229 

7(3.1) 

3.07(1.12,8.36) 

0.029 

High  RH 

233 

4(1.7) 

2.04  (0.61,6.83) 

0.246 

Low  plus  High  RH 

462 

11(2.4) 

2.50(1.00,6.22) 

0.049 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  did  not  appear  ill  or  distressed  in  1982  (see  Chapter  7,  Statistical  Methods). 


92.3.2.2  Relative  Age  Appearance 

The  1997  longitudinal  analyses  of  relative  age  appearance  were  conducted  among  participants  who 
appeared  the  same  or  younger  than  their  chronological  age  in  1982.  The  associations  from  all  analyses  of 
relative  age  appearance  and  dioxin  exposure  were  nonsignificant  (Table  9-12:  p>0.26  for  each  analysis). 
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Table  9-12.  Longitudinal  Analysis  of  Relative  Age  Appearance 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

f§ : |  i  |f  Number  {%)  OJder/(n) 

- .  -  \  vl,  A  y  n  :  Examination  ji||| 

Group 

1982 

1985 

1987  IjJJjl 

1-1992  ■' 

1997 

All 

Ranch  Hand 

15  (1.8) 

25  (3.1) 

39  (4.9) 

40  (5.0) 

82  (10.0) 

(819) 

(800) 

(793) 

(797) 

(819) 

Comparison 

19  (2.0) 

35  (3.7) 

40  (4.2) 

54(5.7) 

82  (8.4) 

(974) 

(956) 

(949) 

(954) 

(974) 

Officer 

Ranch  Hand 

2  (0.6) 

4(1.3) 

8  (2.6) 

1  (2.3) 

19(6.1) 

(312) 

(308) 

(305) 

(307) 

(312) 

Comparison 

3  (0.8) 

1  (0.3) 

8  (2.2) 

13  (3.5) 

19  (5.0) 

(379) 

(373) 

(367) 

(374) 

(379) 

Enlisted  Flyer 

Ranch  Hand 

0  (0.0) 

3  (2.1) 

1 1  (7.7) 

13  (9.0) 

22(14.9) 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

4  (2.8) 

12(8.3) 

1 1  (7.7) 

8  (5.6) 

17(11.7) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

13  (3.6) 

18(5.2) 

20  (5.8) 

20  (5.8) 

41(11.4) 

Groundcrew 

(359) 

(347) 

(345) 

(345) 

(359) 

Comparison 

12  (2.7) 

22  (5.0) 

21  (4.8) 

33  (7.6) 

46(10.2) 

(450) 

(439) 

(439) 

(437) 

(450) 

As  Old  As  or ' 

founger  in  1982  . 

Occupational 

’  &V.ji . 

Number  (%) 

Adj.  RelativeRisk 

Group 

n  in  1997 

Older  in  1997 

WSSM  §S^Si8l| 

All 

Ranch  Hand 

804 

76  (9.5) 

1.21  (0.87,1.69) 

0.265 

Comparison 

955 

76  (8.0) 

Officer 

Ranch  Hand 

310 

19  (6.1) 

1.22  (0.63,2.35) 

0.554 

Comparison 

376 

19  (5.1) 

Enlisted  Flyer 

Ranch  Hand 

148 

22  (14.9) 

1.35  (0.68,2.70) 

0.390 

Comparison 

141 

16(11.4) 

Enlisted 

Ranch  Hand 

346 

35(10.1) 

1.12(0.70,1.81) 

0.637 

Groundcrew 

Comparison 

438 

41  (9.4) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  appeared  as  old  as  or  younger  than  their  age  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  9-12.  Longitudinal  Analysis  of  Relative  Age  Appearance  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  - 

-INITIAL  DIOXIN 

Number  (%)  Older/(n) 

Examination 

1982 

1985 

Hf  1987.  " 

1992 

iillliBllls! 

Low 

2(1.3) 

5  (3.3) 

8  (5.2) 

6  (4.0) 

16  (10.4) 

(154) 

(151) 

(153) 

(149) 

(154) 

Medium 

2(1.3) 

5  (3.2) 

6(3.9) 

9(5.8) 

16(10.1) 

(159) 

(156) 

(156) 

(156) 

(159) 

High 

5(3.3) 

9  (6.0) 

7  (4.7) 

9  (6.0) 

15  (9.8) 

053) 

(149) 

(148) 

(150) 

(153) 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

As  Old  As  or  Younger  in  1982 

1 II Adj.  Relative  Risk 

Initial  Dioxin 

n  in  1997 

(95%  CX)b 

jf§  If  /^piYalu^V  I  |3H| 

Low 

152 

15  (9.9) 

1.04  (0.81,1.33) 

0.765 

Medium 

157 

16(10.2) 

High 

148 

13  (8.8) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  appeared  as  old  as  or  younger  than  their  age  in  1 982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin  Category  fjf 

fj|f|982'  fm 

1992 

msmmm 

Comparison 

19  (2.0) 

35  (3.8) 

40  (4.3) 

53(5.7) 

81  (8.6) 

(946) 

(931) 

(923) 

(927) 

(946) 

Background  RH 

6(1.7) 

6(1.8) 

18  (5.4) 

15  (4.5) 

35  (10.1) 

(347) 

(339) 

(331) 

(337) 

(347) 

Low  RH 

2  (0.9) 

7(3.1) 

8  (3.5) 

7(3.1) 

23  (10.0) 

(230) 

(224) 

(227) 

(223) 

(230) 

High  RH 

7  (3.0) 

12  (5.2) 

13  (5.7) 

17  (7.3) 

24  (10.2) 

(236) 

(232) 

(230) 

(232) 

(236) 

Low  plus  High  RH 

9(1.9) 

19  (4.2) 

21  (4.6) 

24  (5.3) 

47  (10.1) 

(466) 

(456) 

(457) 

(455) 

(466) 

9-41 


Table  9-12.  Longitudinal  Analysis  of  Relative  Age  Appearance  (Continued) 


As  Old  As  or  Younger  in  1982 

Dioxin  Category 

n  in  1997 

Number  (%) 
Older  in  1997 

Adj.  Relative  Risk 

(95%  CX)**1  ;  : 

flfte 

p-Valueb 

Comparison 

927 

75  (8.1) 

Background  RH 

341 

32  (9.4) 

1.14  (0.74,1.77) 

0.545 

Low  RH 

228 

22  (9.7) 

1.19(0.72,1.97) 

0.487 

High  RH 

229 

22  (9.6) 

1.28  (0.77,2.12) 

0.339 

Low  plus  High  RH 

457 

44  (9.6) 

1.24  (0.84,1.83) 

0.289 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  appeared  as  old  as  or  younger  than  their  age  in  1982  (see  Chapter  7,  Statistical 
Methods). 


9.2.3.23  Body  Fat  ( Continuous) 

Longitudinal  analyses  that  examined  the  mean  difference  between  body  fat  in  1982  and  1997  were 
performed  to  explore  associations  with  group  and  dioxin.  The  results  of  the  longitudinal  analyses  are 
seen  in  Table  9-13. 

No  significant  associations  were  observed  between  group  status  (Ranch  Hand,  Comparison)  and  the 
change  in  body  fat  over  the  15  years  of  the  study,  either  across  or  within  occupational  strata  (Table 
9- 13(a):  p>0.40  for  all  analyses).  In  addition,  no  significant  associations  were  observed  between  change 
in  body  fat  and  categorized  dioxin  (Table  9-13(c):  p>0.19  for  all  analyses). 

A  significant  negative  association  was  observed  between  the  change  in  body  fat  and  initial  dioxin  (Table 
9- 13(b):  p=0.049).  The  mean  body  fat  percentages  increased  between  1982  and  1997  for  all  initial 
dioxin  categories.  The  increase  was  greater  for  those  participants  with  lesser  amounts  of  initial  dioxin 
exposure. 
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Table  9-13.  Longitudinal  Analysis  of  Body  Fat  (Percent)  (Continuous) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

'  :  '  ■  :  |  :■  ■■■■■  v  •  ••  /  !’’•  ••  . 


G^otip  | 

|S3®  f 

Examination 

Exam. 
Mean  % 
Change6 

Difference  of 
Exam.  Mean 
Change 

p-Valuec 

1982 

1987 

1992 

1997 

All 

Ranch  Hand 

19.82 

20.70 

21.07 

21.88 

22.11 

2.29 

-0.01 

0.938 

(817) 

(799) 

(791) 

(795) 

(817) 

Comparison 

19.94 

21.00 

21.24 

22.11 

22.24 

2.30 

(976) 

(958) 

(951) 

(956) 

(976) 

Officer 

Ranch  Hand 

20.09 

20.93 

21.22 

21.85 

22.06 

1.98 

0.07 

0.715 

(311) 

(307) 

(304) 

(306) 

(311) 

Comparison 

19.86 

20.88 

20.99 

21.70 

21.77 

1.91 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted 

Ranch  Hand 

19.48 

20.47 

20.67 

21.43 

21.65 

2.17 

-0.34 

0.403 

Flyer 

(147) 

(144) 

(142) 

(144) 

(147) 

Comparison 

19.56 

20.35 

20.69 

21.56 

22.07 

2.51 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

19.74 

20.59 

21.10 

22.10 

22.35 

2.61 

0.05 

0.997 

Groundcrew 

(359) 

(348) 

(345) 

(345) 

(359) 

Comparison 

20.14 

21.32 

21.64 

22.65 

22.70 

2.56 

(451) 

(440) 

(440) 

(438) 

(451) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  body  fat;  results  adjusted  for  natural  logarithm  of  body  fat  in 
1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  9-13.  Longitudinal  Analysis  of  Body  Fat  (Percent)  ( Continuous )  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

-INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)15 

Adjusted  Slope 

(Std.  Error)  p-Value 

Meana/(n) 

Examination  t 

■|IhftUilt)ioxinit 

1982 

11S1! 

1987 

992 

1997 

Low 

20.23 

21.27 

21.56 

22.60 

22.66 

-0.012  (0.006) 

(154) 

(151) 

(153) 

(149) 

(154) 

Medium 

20.89 

21.97 

22.26 

22.97 

23.48 

(157) 

(154) 

(154) 

(154) 

(157) 

High 

21.70 

22.56 

22.97 

23.65 

23.80 

(153) 

(150) 

(148) 

(150) 

(153) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  body  fat  and  natural  logarithm  of  1982  body  fat 
versus  log2  (initial  dioxin);  results  adjusted  for  natural  logarithm  of  1982  body  fat  and  age  in  1997. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  9-13.  Longitudinal  Analysis  of  Body  Fat  (Percent)  (Continuous)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


iiisiiiill 

Category 

|  yf  r  Meana/(pj 
Examination! 

Exam.  Mean . 
Change11 

Difference  of 
i^p-JExam.  Mean  ! 
Jr]./ '  Change  f§f;l 

!!  p-Value‘ 

1985 

1987 

1992 

1997 

Comparison 

19.90 

20.96 

21.20 

22.07 

22.21 

2.31 

(948) 

(933) 

(925) 

(929) 

(948) 

Background 

18.39 

19.13 

19.52 

20.35 

20.58 

2.19 

-0.12 

0.708 

RH 

(347) 

(339) 

(331) 

(337) 

(347) 

Low  RH 

20.43 

21.46 

21.72 

22.70 

22.96 

2.53 

0.22 

0.193 

(230) 

(224) 

(227) 

(223) 

(230) 

High  RH 

21.43 

22.38 

22.79 

23.44 

23.66 

2.22 

-0.09 

0.322 

(234) 

(231) 

(228) 

(230) 

(234) 

Low  plus 

20.93 

21.92 

22.25 

23.07 

23.31 

2.38 

0.07 

0.853 

High  RH 

(464) 

(455) 

(455) 

(453) 

(464) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  body  fat;  results  adjusted  for  body  fat  in  1982  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 


9. 2.3 . 2.4  Body  Fat  ( Discrete ) 

Body  fat  in  its  discrete  form  was  analyzed  across  time  for  participants  in  1997  who  were  considered  lean 
or  normal  in  1982.  The  differences  in  percentages  of  obese  participants  for  Ranch  Hands  and 
Comparisons  were  nonsignificant  (Table  9- 14(a):  p>0.25  for  each  contrast).  A  marginally  significant 
association  between  initial  dioxin  and  body  fat  was  revealed  (Table  9- 14(b):  p=0.069).  The  contrast 
examining  differences  in  obesity  between  Ranch  Hands  in  the  Background  dioxin  category  and 
Comparisons  also  revealed  a  significant  result  (Table  9- 14(c):  Adj.  RR=0.64,  p=0.014),  with  less  Ranch 
Hands  being  obese  in  1997.  All  other  contrasts  of  Ranch  Hands  and  Comparisons  in  the  analyses  of 
dioxin  categories  were  nonsignificant  (p>0.15  for  each  remaining  contrast). 
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Table  9-14.  Longitudinal  Analysis  of  Body  Fat  (Discrete) 

(a)  MODEL  1: 

HANDS  VS.  COMPARISONS  ||| 

Category 

Number  (%)  Obese/(n) 

l-IXSl-SS  1  >  '  Examination "  ' { %% 

SlillSilSSili 

liiii 

1985 

1987 

1992 

Hill  1997 

All 

Ranch  Hand 

108(13.2) 

148  (18.5) 

158  (20.0) 

202  (25.4) 

229  (28.0) 

(817) 

(799) 

(791) 

(795) 

(817) 

Comparison 

138  (14.1) 

191  (19.9) 

208  (21.9) 

256(26.8) 

293  (30.0) 

(976) 

(958) 

(951) 

(956) 

(976) 

Officer 

Ranch  Hand 

36(11.6) 

57  (18.6) 

56(18.4) 

72  (23.5) 

81  (26.1) 

(311) 

(307) 

(304) 

(306) 

(311) 

Comparison 

38  (10.0) 

56  (15.0) 

62  (16.9) 

88  (23.5) 

89  (23.4) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

15  (10.2) 

21  (14.6) 

25  (17.6) 

30  (20.8) 

36  (24.5) 

(147) 

(144) 

(142) 

(144) 

(147) 

Comparison 

19(13.1) 

25  (17.4) 

25  (17.5) 

31  (21.7) 

43  (29.7) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

57  (15.9) 

70  (20.1) 

77  (22.3) 

100  (29.0) 

112(31.2) 

Groundcrew 

(359) 

(348) 

(345) 

(345) 

(359) 

Comparison 

81  (18.0) 

110(25.0) 

121  (27.5) 

137  (31.3) 

161  (35.7) 

(451) 

(440) 

(440) 

(438) 

(451) 

Lean  or  Normal  in  1982 

j§  p«VaIuea 

Group 

Number  (%) 
lj  Obese  in  1997 

Adj.  Relative  Risk  £? 

Slliillwiilll 

All 

Ranch  Hand 

709 

136  (19.2) 

0.93  (0.72,1.20) 

0.567 

Comparison 

838 

170(20.3) 

Officer 

Ranch  Hand 

275 

52(18.9) 

1.19(0.79,1.81) 

0.403 

Comparison 

342 

56(16.4) 

Enlisted  Flyer 

Ranch  Hand 

132 

22(16.7) 

0.81  (0.43,1.52) 

0.512 

Comparison 

126 

25  (19.8) 

Enlisted 

Ranch  Hand 

302 

62  (20.5) 

0.81  (0.56,1.17) 

0.253 

Groundcrew 

Comparison 

370 

89  (24.1) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  were  lean  or  had  normal  body  fat  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  9-14.  Longitudinal  Analysis  of  Body  Fat  (Discrete)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

f  |;':k  ¥ jlfi'jj 

Number  (%)  Obese/(n) 

Examination 

liiliflll 

llliililfil 

1987 

lllliillillll 

Low 

21  (13.6) 

31  (20.5) 

33  (21.6) 

40  (26.9) 

51  (33.1) 

(154) 

(151) 

(153) 

(149) 

(154) 

Medium 

27  (17.2) 

41  (26.6) 

43  (27.9) 

55  (35.7) 

57  (36.3) 

(157) 

(154) 

(154) 

(154) 

(157) 

High 

31  (20.3) 

40  (26.7) 

41  (27.7) 

52  (34.7) 

52  (34.0) 

053) 

(150) 

(148) 

(150) 

(153) 

Initial  Dioxin  Category  Summary  Statistics 

1 1 g I  §  Analysis  Results  for  Log2  (Initial  Dioxin/  §  f§| |§J 

Adj.  Relative  Risk 

■  (95%  C.t)b  :  p- Value  ’ 

Low  133  32(24.1) 

Medium  130  34  (26.2) 

High  122  23(18.9) 

0.83(0.67,1.02)  0.069 

a  Adjusted  for  age  in  1997. 

b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  were  lean  or  had  normal  body  fat  in  1982  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  (%)  Obese/(n) 


Dioxin  Category 

iiSliiiii 

1985 

1987 

111  1992 

SiSiiilHI: 

Comparison 

130(13.7) 

181  (19.4) 

198  (21.4) 

247  (26.6) 

282  (29.8) 

(948) 

(933) 

(925) 

(929) 

(948) 

Background  RH 

28  (8.1) 

35  (10.3) 

39(11.8) 

53  (15.7) 

66  (19.0) 

(347) 

(339) 

(331) 

(337) 

(347) 

Low  RH 

35  (15.2) 

49  (21.9) 

53  (23.4) 

66  (29.6) 

79  (34.4) 

(230) 

(224) 

(227) 

(223) 

(230) 

High  RH 

44  (18.8) 

63  (27.3) 

64  (28.1) 

81  (35.2) 

81  (34.6) 

(234) 

(231) 

(228) 

(230) 

(234) 

Low  plus  High  RH 

79  (17.0) 

112(24.6) 

117  (25.7) 

147  (32.5) 

160  (34.5) 

(464) 

(455) 

(455) 

(453) 

(464) 
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Table  9-14.  Longitudinal  Analysis  of  Body  Fat  (Discrete)  (Continued) 


Dioxin  Category 

Lean  or  Normal  in  1982 

Number  (%) 
n  in  1997  Obese  in  1997 

Adj.  Relative  Risk 

[  § :||  ;  (95%  C:I:|ab  :  ||||| 

p- Value1 

Comparison 

818 

166  (20.3) 

Background  RH 

319 

44  (13.8) 

0.64  (0.44,0.91) 

0.014 

Low  RH 

195 

48  (24.6) 

1.30  (0.90,1.89) 

0.158 

High  RH 

190 

41  (21.6) 

1.03  (0.70,1.52) 

0.876 

Low  plus  High  RH 

385 

89  (23.1) 

1.16(0.87,1.56) 

0.316 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  were  lean  or  had  normal  body  fat  in  1982  (see  Chapter  7,  Statistical  Methods). 


9.23.3  Laboratory  Variable 

9. 2. 3. 3. 1  Erythrocyte  Sedimentation  Rate  ( Continuous ) 

The  change  in  erythrocyte  sedimentation  rate  between  1982  and  1997  was  examined  for  associations  with 
group  status  and  dioxin.  The  change  in  erythrocyte  sedimentation  rate  between  1982  and  1997  for  Ranch 
Hands  in  the  high  dioxin  category  was  significantly  greater  than  for  Comparisons  during  this  same  time 
period  (Table  9- 15(c):  p=0.050).  All  other  contrasts  involving  categorized  dioxin  (Model  3)  and  group 
and  initial  dioxin  (Models  1  and  2,  respectively)  were  nonsignificant  (Table  9-15:  p>0.13  for  all 
analyses). 
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Table  9-15. 

Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr)  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Examination 

Exariu  vv 
Mean  §Jj 
Change* 

Difference  of 
[  Exam.  Mean  | 
i|HH  Change  If  §§f  |  j 

p-Valuec 

1 1982§1 

§ii®! 

1987 

1992 

1997 

All 

Ranch  Hand 

L83 

481 

5.06 

8.03 

4.87 

3.05 

0.04 

0.813 

(819) 

(SOI) 

(792) 

(797) 

(819) 

Comparison 

1.59 

4.67 

4.86 

7.57 

4.59 

3.01 

(976) 

(958) 

(949) 

(956) 

(976) 

Officer 

Ranch  Hand 

1.83 

4.71 

4.81 

7.39 

4.44 

2.61 

-0.34 

0.213 

(312) 

(308) 

(304) 

(307) 

(312) 

Comparison 

1.44 

4.65 

4.72 

7.39 

4.38 

2.95 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted 

Ranch  Hand 

2.13 

5.30 

6.04 

8.94 

5.38 

3.25 

0.08 

0.878 

Flyer 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

2.11 

5.02 

5.02 

8.44 

5.28 

3.17 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

1.71 

4.71 

4.92 

8.25 

5.07 

3.36 

0.37 

0.138 

Groundcrew 

(359) 

(348) 

(345) 

(345) 

(359) 

Comparison 

1.58 

4.58 

4.93 

7.46 

4.57 

2.99 

(451) 

(440) 

(438) 

(438) 

(451) 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  erythrocyte  sedimentation  rate  +  0.1;  results  adjusted  for  natural 
logarithm  of  erythrocyte  sedimentation  rate  +  0.1  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  9-15.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr) 
(Continuous)  (Continued) 


(b)  MODEL  2 

RANCH  HANDS 

-  INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Meana/(n)  t  ' 

Examination 

Adjusted  Slope  Jf  j|  | 
(Std.  Error) 

p-Value 

HB§! 

lifl&ffr; 

1987 

1992 

1997 

Low 

1.71 

4.82 

4.99 

7.94 

4.74 

0.045  (0.031) 

0.146 

(154) 

(151) 

(153) 

(149) 

(154) 

Medium 

2.25 

5.52 

5.71 

9.62 

5.94 

(159) 

(156) 

(156) 

(156) 

(159) 

High 

1.76 

4.94 

5.53 

8.42 

5.10 

053) 

(150) 

(148) 

(150) 

(153) 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  erythrocyte  sedimentation  rate  +  0.1  and  natural 
logarithm  of  1982  erythrocyte  sedimentation  rate  +  0.1  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body 
fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  erythrocyte  sedimentation  rate  +  0.1, 
and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  9-15.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (mm/hr) 
(Continuous)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin 

Category 

Meana/(n) 

JSlI'Sl  Exahunatloii 

Mean 

Change*  |§ 

Difference  of 
Exam.  Mean 
Ugll  Change  ? 

p-Valuec 

1982 

1985 

1987 

1992 

■Mil! 

Comparison 

1.60 

4.66 

4.85 

7.55 

4.60 

3.00 

(948) 

(933) 

(923) 

(929) 

(948) 

Background 

1.72 

4.45 

4.63 

7.27 

4.39 

2.67 

-0.33 

0.220 

RH 

(347) 

(339) 

(330) 

(337) 

(347) 

Low  RH 

1.92 

5.06 

5.24 

8.59 

5.12 

3.20 

0.20 

0.784 

(230) 

(224) 

(227) 

(223) 

(230) 

High  RH 

1.87 

5.11 

5.56 

8.70 

5.37 

3.50 

0.50 

0.050 

(236) 

(233) 

(230) 

(232) 

(236) 

Low  plus 

1.89 

5.09 

5.40 

8.65 

5.25 

3.35 

0.35 

0.143 

High  RH 

(466) 

(457) 

(457) 

(455) 

(466) 

a  Transformed  from  natural  logarithm  scale  of  erythrocyte  sedimentation  rate  +  0.1. 
b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  1997  erythrocyte  sedimentation  rate  +  0.1;  results  adjusted  for 
percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  erythrocyte  sedimentation 
rate  +  0.1,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


9.2. 3. 3.2  Erythrocyte  Sedimentation  Rate  ( Discrete ) 

Longitudinal  analyses  of  erythrocyte  sedimentation  rate  in  its  discrete  form  were  conducted  to  examine 
the  relation  between  abnormal  erythrocyte  sedimentation  rates  and  group,  initial  dioxin,  and  categorized 
dioxin  for  participants  at  the  1997  follow-up.  Only  participants  with  normal  erythrocyte  sedimentation 
rates  in  1982  were  included  in  the  study. 

Analyses  were  statistically  significant  when  erythrocyte  sedimentation  rate  differences  were  examined 
across  all  occupations  (Table  9-16(a):  Adj.  RR=1.66,  p=0.016).  The  results  revealed  that  the  percentage 
of  abnormal  erythrocyte  sedimentation  rates  for  Ranch  Hands  was  higher  than  for  Comparisons  (7.0% 
and  4.4%,  respectively).  Erythrocyte  sedimentation  rates  compared  within  the  officer  strata  did  not 
significantly  differ  (p=0.847).  Within  the  enlisted  flyer  stratum,  the  Ranch  Hands  versus  Comparison 
contrast  was  marginally  significant  (Adj.  RR=2.61,  p=0.077).  More  Ranch  Hand  (9.0%)  than 
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Comparison  (3.7%)  enlisted  flyers  had  abnormal  erythrocyte  sedimentation  rates.  In  addition,  results 
were  significant  (Adj .  RR=2.03,  p=0.025)  for  the  enlisted  groundcrew  stratum.  Percentages  of  abnormal 
erythrocyte  sedimentation  rates  were  7.7  for  Ranch  Hand  and  4.2  for  Comparison  enlisted  groundcrew. 

A  significant  positive  association  between  initial  dioxin  and  erythrocyte  sedimentation  rate  was  found 
(Table  9-16(b):  Adj.  RR=1.36,  p=0.022).  The  analyses  indicated  that  erythrocyte  sedimentation  rate 
increased  as  initial  dioxin  level  increased. 

Analyses  of  associations  between  erythrocyte  sedimentation  rates  and  categorized  dioxin  revealed 
significant  differences  between  Comparisons  and  Ranch  Hands  in  the  high  and  Ranch  Hands  in  the  low 
and  high  dioxin  categories  combined  (Table  9-16(c):  Adj.  RR=2.38,  p=0.003  and  Adj.  RR=1.88, 
p=0.010,  respectively).  Both  contrasts  indicate  that  more  Ranch  Hands  than  Comparison  had  a  higher 
percentage  of  abnormal  erythrocyte  sedimentation  rates  (8.7%  for  Ranch  Hands  in  the  high  dioxin 
category,  7.7%  for  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and  4.3%  for 
Comparisons).  The  contrasts  involving  the  background  and  low  Ranch  Hand  dioxin  categories  were  both 
nonsignificant  (p>0.22  for  each  contrast). 


Table  9-16.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


'  :  Occupational 

\ .  |-fj7  Ts'V 

Number  (%)  Abnormal/(n) 

Examination 

:  1  Category;;  * 

£££'t0rpup 

1982 

If!  1985 

1987 

1992 

iSiliilii 

All 

Ranch  Hand 

19  (2.3) 

50  (6.2) 

54(6.8) 

130  (16.3) 

67(8.2) 

(819) 

(801) 

(792) 

(797) 

(819) 

Comparison 

39  (4.0) 

50  (5.2) 

45(4.7) 

153  (16.0) 

57  (5.8) 

(976) 

(958) 

(949) 

(956) 

(976) 

Officer 

Ranch  Hand 

6(1.9) 

10  (3.3) 

12  (4.0) 

38  (12.4) 

18(5.8) 

(312) 

(308) 

(304) 

(307) 

(312) 

Comparison 

12(3.2) 

15  (4.0) 

14(3.8) 

49(13.1) 

26  (6.8) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

4(2.7) 

13  (9.0) 

15  (10.5) 

30  (20.7) 

16(10.8) 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

9  (6.2) 

10(6.9) 

5  (3.5) 

27  (18.9) 

5  (3.5) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted 

Ranch  Hand 

9  (2.5) 

27  (7.8) 

27  (7.8) 

62(18.0) 

33  (9.2) 

Groundcrew 

(359) 

(348) 

(345) 

(345) 

(359) 

Comparison 

18  (4.0) 

25  (5.7) 

26  (5.9) 

77  (17.6) 

26  (5.8) 

(451) 

(440) 

(438) 

(438) 

(451) 
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Table  9-16.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete) 
(Continued) 


J  ‘  lit'  |>  1 

Normal  in  1982 

Number  (%) 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk 

IMHiH 

p-Valuea  •.  1jl 

All 

Ranch  Hand 

800 

56(7.0) 

1.66  (1.09,2.52) 

0.016 

Comparison 

937 

41  (4.4) 

Officer 

Ranch  Hand 

306 

16(5.2) 

1.07  (0.53,2.14) 

0.847 

Comparison 

368 

18  (4.9) 

Enlisted  Flyer 

Ranch  Hand 

144 

13  (9.0) 

2.61  (0.90,7.55) 

0.077 

Comparison 

136 

5  (3.7) 

Enlisted 

Ranch  Hand 

350 

27  (7.7) 

2.03  (1.09,3.77) 

0.025 

Groundcrew 

Comparison 

433 

18(4.2) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  erythrocyte  sedimentation  rate  (<12  mm/hr)  in  1982  (see  Chapter  7,  Statistical 
Methods). 


I#®!®!!*!  t 

1982 

1985 

1987 

■■lliillSil 

Low 

5  (3.3) 

13(8.6) 

7  (4.6) 

27(18.1) 

11(7.1) 

(154) 

(151) 

(153) 

(149) 

(154) 

Medium 

3(1.9) 

14  (9.0) 

16(10.3) 

33  (21.2) 

18(11.3) 

059) 

(156) 

(156) 

(156) 

(159) 

High 

4(2.6) 

13  (8.7) 

14  (9.5) 

26(17.3) 

15  (9.8) 

(153) 

(150) 

(148) 

(150) 

(153) 
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Table  9-16.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete) 
(Continued) 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Normal  in  1982 

Adj.  Relative  Risk 

(95%  C.I.)b  p- Value 

Initial  Number  (%) 

Dioxin  n  in  1997  Abnormal  in  1997 

Low  149  8  (5.4) 

Medium  156  15  (9.6) 

High  149  12(8.1) 

1.36(1.05,1.76)  0.022 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  erythrocyte  sedimentation  rate  (<  12  mm/hr)  in  1982  (see  Chapter  7, 
Statistical  Methods). 


'iCH  HANDS  ANI 

i y  ‘'Y'  $ 

)  COMPARISON 

S  BY  DIOXIN  < 

t';y ■.  |?  r;i  «.-■# ~ 

VTEGORY 

*  •'  •  .  •  '  • 

'”V.  Nui 

nber  (%)  Abnorma 
Examination 

><S  y.s*>  •:  V|*> 1^;- ti? £•■*£*;> 

|g;:iDipx|h;C^€!gpryi;|! 

1982 

1985 

1987  :  ■ 

lllligiill! 

iBiiiliiliii 

Comparison 

39(4.1) 

50  (5.4) 

42  (4.6) 

148  (15.9) 

55  (5.8) 

(948) 

(933) 

(923) 

(929) 

(948) 

Background  RH 

7  (2.0) 

10  (3.0) 

17  (5.2) 

42  (12.5) 

22  (6.3) 

(347) 

(339) 

(330) 

(337) 

(347) 

Low  RH 

7  (3.0) 

19  (8.5) 

14  (6.2) 

43(19.3) 

20  (8.7) 

(230) 

(224) 

(227) 

(223) 

(230) 

High  RH 

5(2.1) 

21  (9.0) 

23(10.0) 

43  (18.5) 

24  (10.2) 

(236) 

(233) 

(230) 

(232) 

(236) 

Low  plus  High  RH 

12  (2.6) 

40  (8.8) 

37  (8.1) 

86(18.9) 

44  (9.4) 

(466) 

(457) 

(457) 

(455) 

(466) 
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Table  9-16.  Longitudinal  Analysis  of  Erythrocyte  Sedimentation  Rate  (Discrete) 
(Continued) 


Dioxin  Category 

n  in  1997 

Normal  in  1982 

Number  (%) 
Abnormal  in  1997 

Adj  .Relative  Risk 

p-Valueb  III 

Comparison 

909 

39  (4.3) 

Background  RH 

340 

20  (5.9) 

1.40  (0.80,2.45) 

Low  RH 

223 

15  (6.7) 

1.47  (0.79,2.73) 

High  RH 

231 

20  (8.7) 

2.38  (1.34,4.23) 

Low  plus  High  RH 

454 

35  (7.7) 

1.88  (1.16,3.03) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  erythrocyte  sedimentation  rate  (<  12  mm/hr)  in  1982  (see  Chapter  7, 
Statistical  Methods). 


9.3  DISCUSSION 

In  clinical  medicine,  the  assessment  of  an  individual’s  general  state  of  health  is  based  on  subjective  and 
objective  indices  including  the  individual’s  history,  physical  examination,  and  laboratory  testing.  The 
variables  analyzed  in  this  chapter  are  frequently  employed  by  clinicians  in  outpatient  practice  and  were 
selected  to  be  sensitive  to  the  overall  state  of  health  rather  than  specific  to  any  organ  system. 

The  clinical  evaluation  of  the  patient  begins  with  the  medical  history,  which  often  begins  with  an 
intentionally  open  inquiry  into  the  patient’s  self-perception  of  health.  In  the  current  examinations,  as  in 
most  of  the  previous,  a  significantly  higher  percentage  of  Ranch  Hand  participants  than  Comparisons 
perceived  themselves  to  be  in  poor  health  (14.3  percent  versus  10.4  percent).  Once  again  the  contrast 
was  most  apparent  in  enlisted  groundcrew,  who  had  the  highest  average  level  of  dioxin  exposure  (18.0 
percent  of  Ranch  Hands  versus  12.8  percent  of  Comparisons).  In  a  dose-response  pattern,  an  increasing 
body  burden  of  dioxin  was  significantly  associated  (p=0.002)  with  negative  self-perceptions  of  health  in 
Ranch  Hands  in  the  low,  medium,  and  high  1987  dioxin  categories  (8.0  percent,  14.3  percent,  and  19.3 
percent,  respectively);  this  association  became  marginally  significant  (p=0.079)  with  adjustment  for 
relevant  covariates.  No  group  differences  were  noted  in  the  appearance  of  illness  or  relative  age,  as 
recorded  by  examining  physicians,  nor  were  these  variables  correlated  with  serum  dioxin  levels  in  the 
Ranch  Hand  cohort. 
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The  body  fat  measure  is  an  easily  derived  index  and,  to  the  extent  that  it  can  reflect  significant  weight 
gain  or  loss  over  time,  it  can  serve  as  a  valuable  clinical  clue  to  the  presence  of  occult  disease.  The 
prevalence  of  obesity  (>25  percent  body  fat)  was  similar  in  the  Ranch  Hand  and  Comparison  cohorts.  In 
Ranch  Hands  by  both  continuous  and  discrete  analyses,  a  consistent  and  highly  significant  (p<0.001  for 
both)  positive  association  was  noted  between  obesity  and  the  1987  serum  dioxin  level.  Although  a 
mobile  equilibrium  exists  between  serum  dioxin  and  adipose  tissue,  the  current  results  confirm  those  of 
the  1992  examinations  and  suggest  a  difference  in  dioxin  pharmacokinetics  in  obese  versus  lean 
individuals. 

The  erythrocyte  sedimentation  rate  can  be  a  sensitive,  if  nonspecific,  index  of  general  health.  The  effect 
of  age  on  the  erythrocyte  sedimentation  rate  is  pertinent  to  the  longitudinal  design  of  the  current  study:  a 
rate  as  high  as  40  millimeters  per  hour  is  not  considered  unusual  at  age  65.  Extreme  elevations  in  the 
erythrocyte  sedimentation  rate  consistently  are  associated  with  serious  underlying  infections, 
inflammation,  or  malignant  disease  processes. 

In  prior  examinations,  erythrocyte  sedimentation  rate  analyses  have  yielded  inconsistent  results.  In  the 
1985  and  1987  examinations  (but  not  in  1982  or  1992),  abnormally  elevated  erythrocyte  sedimentation 
rates  were  significantly  more  prevalent  in  Ranch  Hands  than  Comparisons.  In  the  1987  and  1992 
examinations,  dioxin  analyses  raised  the  possibility  of  a  subtle  dose-response  inflammatory  effect 
occurring  in  association  with  initial  and  then  current  serum  dioxin  levels.  In  the  1992  examinations,  for 
example,  the  Ranch  Hand  enlisted  groundcrew,  the  occupation  with  the  highest  average  dioxin  level,  had 
a  slightly  higher  mean  erythrocyte  sedimentation  rate  than  Comparisons,  but  the  difference  (9.27  mm/hr 
versus  8.43  mm/hr)  cannot  be  considered  clinically  meaningful.  In  the  models  that  employed  1987  serum 
dioxin  levels,  the  analyses  yielded  results  that  were  consistent  with  a  subtle  dose-response  effect,  but  the 
differences  were  slight  and  of  uncertain  biologic  meaning. 

Similarly,  in  this  current  study,  by  both  continuous  and  discrete  analyses,  significant  associations  were 
noted  between  the  erythrocyte  sedimentation  rate  and  1987  serum  dioxin  levels.  In  a  pattern  consistent 
with  a  dose-response  effect,  Ranch  Hand  participants  in  the  low,  medium,  and  high  1987  dioxin 
categories  had  abnormally  elevated  erythrocyte  sedimentation  rates  of  6.6,  8.0,  and  9.7  percent, 
respectively.  By  continuous  analysis,  the  differences  in  the  means  were  so  slight  (adjusted  means  of  4.34 
mm/hr,  4.62  mm/hr,  and  5.29  mm/hr  in  the  low,  medium,  and  high  1987  dioxin  categories,  respectively) 
as  to  be  of  doubtful  clinical  meaning.  As  in  the  1992  examinations,  the  erythrocyte  sedimentation  rate 
analyses  found  no  group  differences  between  the  Ranch  Hand  and  Comparison  cohorts. 

Dependent  variable-covariate  analyses  confirm  numerous  associations  that  have  been  documented  in 
previous  AFHS  examinations  and  that  are  well-established  in  clinical  practice.  Consequent  to  the  higher 
incidence  of  nicotine-related  cardiovascular  and  pulmonary  disease  that  occurs  by  middle  age,  cigarette 
smokers  often  appear  older  and  more  chronically  ill  than  nonsmokers  and  perceive  themselves  as  such. 
That  the  highest  prevalence  of  obesity  (33.6  percent)  was  found  in  reformed  smokers  is  consistent  with 
the  weight  gain  that  so  often  occurs  with  smoking  cessation.  Given  the  high  incidence  of  chronic 
bronchitis  associated  with  cigarette  use,  it  is  not  surprising  that  the  highest  prevalence  of  abnormally 
elevated  erythrocyte  sedimentation  rates  (12.4  percent)  was  noted  in  those  smoking  more  than  one  pack 
per  day. 

Analyses  based  on  associations  with  occupation  confirm  previous  AFHS  results.  As  a  group,  officers 
continue  to  appear  healthier  than  enlisted  personnel  by  several  indices  including  perceptions  of  health, 
relative  age  appearance,  and  body  fat.  Older  participants  were  more  likely  to  have  abnormally  elevated 
erythrocyte  sedimentation  rates  than  younger  participants. 
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Longitudinal  analyses  confirm  results  and  trends  that  have  been  established  over  15  years  of  observation. 
At  the  baseline  examination  in  1982,  the  prevalence  of  self-perceived  ill  health  was  significantly  greater 
in  Ranch  Hands  than  Comparisons  (18.7  percent  versus  13.2  percent).  By  1987,  despite  advancing  age, 
the  percentage  of  Ranch  Hands  and  Comparisons  reporting  ill  health  declined  to  5.5  percent  and  4.4 
percent,  respectively.  In  1992  this  trend  was  reversed,  particularly  in  those  Ranch  Hands  in  the  medium 
and  high  categories  of  current  and  initial  levels  of  serum  dioxin.  In  the  1997  examinations  there  has  been 
a  close  to  identical  increase  (40  percent)  in  the  prevalence  of  reported  poor  health  in  each  cohort  (14.4 
percent  versus  10.6  percent),  a  trend  that  is  consistent  with  the  increased  incidence  of  chronic  illness  in 
any  aging  population  and  that  is  now  independent  of  all  indices  of  exposure  to  dioxin.  In  contrast,  in 
neither  the  appearance  of  illness  or  distress  nor  in  relative  age  appearance  were  there  any  significant 
associations  with  the  1987  body  burden  of  dioxin. 

In  the  1985  and  1987  examinations.  Ranch  Hand  participants  were  noted  to  have  a  higher  percentage  of 
abnormal  erythrocyte  sedimentation  rates  than  Comparisons  and,  in  1987,  a  significant  positive 
association  was  found  between  group  and  the  change  in  the  percentage  of  abnormal  erythrocyte 
sedimentation  rates.  In  1992,  the  prevalence  of  abnormal  erythrocyte  sedimentation  rates  was  close  to 
identical  in  the  two  cohorts  with  no  evidence  of  a  dioxin  effect.  In  the  current  study,  Ranch  Hands  once 
again  have  a  significantly  higher  percentage  of  abnormal  erythrocyte  sedimentation  rates  than 
Comparisons  (7.0  percent  versus  4.4  percent  of  participants  considered  normal  in  1982)  in  a  pattern 
consistent  with  a  dose  response.  This  pattern  also  was  present  with  categorized  dioxin,  where  8.7  percent 
of  Ranch  Hands  with  the  highest  levels  of  serum  dioxin  had  an  abnormally  elevated  erythrocyte 
sedimentation  rate,  compared  with  4.3  percent  of  Comparisons  (p=0.003).  This  positive  association 
raises  the  possibility  of  a  subtle  inflammatory,  infectious,  or  occult  malignant  disease  process  related  to 
the  body  burden  of  dioxin. 

In  summary,  consistent  with  all  previous  examinations,  Ranch  Hands  continue  to  perceive  themselves  as 
less  healthy  than  Comparisons.  Since  the  last  examinations  in  1992,  a  comparable  and  significant 
increase  in  the  prevalence  of  self-perceived  ill  health  has  occurred  in  both  cohorts  and  is  consistent  with 
the  inevitable  development  of  chronic  disease  in  any  aging  population. 


9.4  SUMMARY 

9.4.1  Model  1:  Group  Analysis 

The  unadjusted  and  adjusted  group  analyses  (Ranch  Hands  versus  Comparisons)  produced  similar  results 
for  each  variable  examined  within  the  general  health  assessment.  The  self-perception  of  health  analysis 
revealed  significant  differences  among  Ranch  Hands  and  Comparisons  across  all  occupations  and  within 
the  enlisted  groundcrew  stratum.  For  both  contrasts,  more  Ranch  Hands  than  Comparisons  indicated 
their  health  as  fair  or  poor.  All  other  group  analyses  were  nonsignificant.  The  results  are  summarized  in 
Table  9-17. 

Longitudinal  analyses  of  erythrocyte  sedimentation  rate  in  its  discrete  form  indicated  that  significantly 
more  Ranch  Hands  then  Comparisons  were  normal  in  1982  and  abnormal  in  1997.  This  difference  was 
noted  in  the  two  enlisted  strata. 
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Table  9-17.  Summary  of  Group  Analysis  (Model  1)  for  General  Health  Variables  (Ranch  Hands  vs. 
Comparisons) 


1 1 1 1  UNADJUSTED  |  '  f  f 

Variable 

Officer 

liiiiiifii!  i 
Iliisllti  tliSl 

fjf!  f|  Enlisted  jf|,  | 
Groundcrew 

Questionnaire 

Self-perception  of  Health  (D) 

+0.007 

NS 

NS 

+0.028 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

NS 

NS 

NS 

NS 

Relative  Age  Appearance  (D) 

NS 

NS 

NS 

NS 

Body  Fat  (C) 

ns 

ns 

ns 

ns 

Body  Fat  (D) 

ns 

NS 

ns 

ns 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

NS 

ns 

ns 

NS 

Erythrocyte  Sedimentation  Rate  (D) 

NS 

ns 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 
C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00. 

P- value  given  if  p<0.05. 


A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. _ 


.  :  :  Variable  ' 

'  •'  ADjPUSTCD;;;SS|ll'i 

All 

Officer 

p§  Enlisted  IS  |§ 

Flyer 

Questionnaire 

Self-perception  of  Health  (D) 

+0.010 

NS 

NS 

+0.035 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

NS 

NS 

NS 

NS 

Relative  Age  Appearance  (D) 

NS 

NS 

NS 

NS 

Body  Fat  (C) 

ns 

ns 

ns 

ns 

Body  Fat  (D) 

ns 

NS 

ns 

ns 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

NS 

ns 

ns 

NS 

Erythrocyte  Sedimentation  Rate  (D) 

NS 

ns 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 
C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00. 

P-value  given  if  p<0.05. 
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Table  9-17.  Summary  of  Group  Analysis  (Model  1)  for  General  Health  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


9.4.2  Model  2:  Initial  Dioxin  Analysis 

The  unadjusted  analysis  of  body  fat  in  its  continuous  form  revealed  a  marginally  significant  association 
between  body  fat  and  initial  dioxin.  The  relative  risk  estimate  for  the  adjusted  analysis  became 
significant,  with  body  fat  increasing  as  initial  dioxin  increased.  All  remaining  analyses  of  other  variables 
examined  revealed  nonsignificant  results,  as  shown  in  Table  9-18. 

A  significant  relation  was  observed  in  longitudinal  analyses  between  abnormal  erythrocyte  sedimentation 
rates  in  1997  and  initial  dioxin  for  participants  who  had  normal  erythrocyte  sedimentation  rates  in  1982. 
The  percentage  of  participants  who  were  normal  in  1982  and  abnormal  in  1997  increased  as  initial  dioxin 
increased. 


Table  9-18.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  General  Health  Variables 
(Ranch  Hands  Only) 


,  t  '"Variable  '* 

Questionnaire 

Self-perception  of  Health  (D) 

NS 

ns 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

ns 

ns 

Relative  Age  Appearance  (D) 

NS 

NS 

Body  Fat  (C) 

NS* 

+0.020 

Body  Fat  (D) 

NS 

NS 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

NS 

NS 

Erythrocyte  Sedimentation  Rate  (D) 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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9.4.3  Model  3:  Categorized  Dioxin  Analysis 

Table  9-19  summarizes  the  results  of  the  categorized  dioxin  analyses.  More  Ranch  Hands  in  the  low 
dioxin  category  and  in  the  low  and  high  combined  Ranch  Hand  categoiy  appeared  ill  or  distressed  than 
did  Comparisons,  without  adjustment  for  covariates.  After  adjustment  for  covariates,  the  result  was 
marginally  significant  in  the  low  dioxin  category  and  nonsignificant  in  the  low  and  high  combined  Ranch 
Hand  category  contrasts. 

The  unadjusted  and  adjusted  analyses  of  categorized  dioxin  yielded  similar  results  for  the  self-perception 
of  health  and  body  fat  (continuous)  variables.  Significantly  more  Ranch  Hands  than  Comparisons 
perceived  their  health  to  be  fair  or  poor  when  the  low,  high,  and  low  and  high  combined  Ranch  Hand 
dioxin  categories  were  contrasted  with  Comparisons.  For  the  continuous  analyses  of  body  fat,  the  mean 
in  the  background  Ranch  Hand  category  was  significantly  lower  than  the  Comparison  mean,  and  the 
means  in  the  low,  high,  and  low  and  high  combined  Ranch  Hand  dioxin  categories  were  significantly  or 
marginally  significantly  higher  than  the  Comparison  mean. 

Unadjusted  and  adjusted  analyses  of  body  fat  in  its  discrete  form  revealed  a  significantly  lower 
percentage  of  obese  Ranch  Hands  in  the  background  dioxin  category,  and  a  marginally  significant  higher 
percentage  of  obese  Ranch  Hands  in  the  low  dioxin  category,  than  Comparisons.  In  the  combined  low 
and  high  dioxin  category,  a  significantly  greater  percentage  of  Ranch  Hands  than  Comparisons  were 
obese;  this  difference  was  marginally  significant  after  adjustment  for  covariates. 

All  results  for  categorized  dioxin  analysis  of  relative  age  appearance  and  the  discrete  and  continuous 
forms  of  erythrocyte  sedimentation  rate  were  nonsignificant. 

Longitudinal  analyses  revealed  significantly  more  Ranch  Hands  in  the  low  dioxin  category  than 
Comparisons  who  were  normal  in  1982,  but  appeared  ill  or  distressed  in  1987.  The  difference  between 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  was  not  significant. 

The  percentage  of  participants  with  abnormal  erythrocyte  sedimentation  rates  in  1997,  who  were  normal 
in  1982,  increased  as  categorized  dioxin  increased.  Ranch  Hands  in  the  high  dioxin  category  had  a 
significantly  greater  percentage  of  1997  erythrocyte  sedimentation  rate  abnormalities  than  Comparisons, 
based  on  both  cohorts  being  normal  in  1982. 
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Table  9-19.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  General  Health  Variables 
(Ranch  Hands  vs.  Comparisons) 

UNADJUSTED 

Background 

■ Low 

High 

Low  plus  High 

Ranch  Hands 

Ranch  Hands 

-  Ranch  Hands 

:M  Ranch  Hands 

Variable 

§§IJ||  Comparisons ; 

vs.  Comparisons 

vs.  Comparisons 

vs.  Comparisons  j 

Questionnaire 

Self-perception  of  Health  (D) 

ns 

+0.005 

+<0.001 

+<0.001 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

ns 

+0.031 

NS 

+0.041 

Relative  Age  Appearance  (D) 

NS 

NS 

NS 

NS 

Body  Fat  (C) 

-<0.001 

+0.045 

0.001 

<0.001 

Body  Fat  (D) 

-<0.001 

NS* 

ns 

+0.042 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

ns 

NS 

NS 

NS 

Erythrocyte  Sedimentation  Rate  (D) 

NS 

NS 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
-:  Difference  of  means  negative  for  continuous  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  9-19.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  General  Health 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


Background 

§jj£  ?-;;;Rancb^a^S':-  :§ 

vs.  Comparisons 

tow^  Lt;! 

||  Ranch  Hands 
vs.  Comparisons 

Ranch  Hands 
vs.  Comparisons 

|  Low  plus  'High;  • 
Ranch  Hands  §1 

vs.  Comparisons 

Questionnaire 

Self-perception  of  Health  (D) 

NS 

+0.020 

+0.002 

+0.001 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

ns 

NS* 

NS 

NS 

Relative  Age  Appearance  (D) 

NS 

NS 

NS 

NS 

Body  Fat  (C) 

-<0.001 

NS* 

0.001 

0.001 

Body  Fat  (D) 

-0.001 

NS* 

NS 

NS* 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

ns 

NS 

NS 

NS 

Erythrocyte  Sedimentation  Rate  (D) 

NS 

NS 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1 .00  for  discrete  analysis. 

Relative  risk  <  1 .00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


9.4.4  Model  4:  1987  Dioxin  Level  Analysis 

Several  significant  associations  between  the  measures  of  general  health  studied  in  this  assessment  and  the 
1987  dioxin  level  associations  were  found,  as  presented  in  Table  9-20.  Each  of  the  unadjusted  analyses 
of  associations  of  1987  dioxin  levels  and  self-perception  of  health,  body  fat  (continuous  and  discrete 
forms),  and  erythrocyte  sedimentation  rate  (continuous  and  discrete  forms)  were  significant.  For  these 
significant  associations,  discrete  analyses  produced  relative  risks  greater  than  1.0,  and  continuous 
analyses  showed  an  increase  in  body  fat  and  erythrocyte  sedimentation  rate  as  1987  dioxin  levels 
increased.  After  covariate  adjustments,  results  remained  significant  for  the  body  fat  (continuous  and 
discrete)  adjusted  analyses.  The  adjusted  analysis  of  erythrocyte  sedimentation  rate  in  its  continuous 
form  also  remained  significant  in  the  adjusted  analysis,  but  the  result  was  nonsignificant  for  the  discrete 
adjusted  analysis.  The  association  between  1987  dioxin  levels  and  self-perception  of  health  became 
marginally  significant.  Associations  were  nonsignificant  for  both  unadjusted  and  adjusted  analyses  of 
appearance  of  illness  or  distress  and  relative  age  appearance. 
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Table  9-20.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  General  Health  Variables  (Ranch 

Hands  Only) 

Variable 

Unadjusted 

Adjusted 

Questionnaire 

Seif-perception  of  Health  (D) 

+0.002 

NS* 

Physical  Examination 

Appearance  of  Illness  or  Distress  (D) 

NS 

NS 

Relative  Age  Appearance  (D) 

ns 

ns 

Body  Fat  (C) 

+<0.001 

+<0.001 

Body  Fat  (D) 

+<0.001 

+<0.001 

Laboratory 

Erythrocyte  Sedimentation  Rate  (C) 

+0.004 

+0.037 

Erythrocyte  Sedimentation  Rate  (D) 

+0.040 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1 .00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


9.5  CONCLUSION 

The  self-perception  of  health  analysis  revealed  significant  differences  among  Ranch  Hands  and 
Comparisons,  with  more  Ranch  Hands  than  Comparisons  indicating  their  health  as  fair  or  poor.  As  in 
previous  examinations,  the  difference  was  most  apparent  in  enlisted  groundcrew,  who  had  the  highest 
average  dioxin  levels.  This  observation  also  was  confirmed  in  the  categorized  dioxin  analysis,  where 
Ranch  Hands  with  the  highest  dioxin  levels  perceived  their  health  as  fair  or  poor  more  often  than 
Comparisons.  Also,  among  Ranch  Hands,  those  with  the  higher  1987  dioxin  levels  reported  fair  or  poor 
health  more  often  than  Ranch  Hands  with  lower  levels.  These  results  are  consistent  with  the  1985,  1987, 
and  1992  examinations.  No  group  differences  were  noted  in  the  appearance  of  illness  or  relative  age,  as 
recorded  by  examining  physicians,  nor  were  these  variables  correlated  with  serum  dioxin  levels  in  the 
Ranch  Hand  cohort. 

The  analysis  of  body  fat  indicated  positive  associations  with  dioxin  levels.  The  results  of  the  1997 
examination  confirmed  those  of  the  1992  examination  and  appear  consistent  with  a  difference  in  dioxin 
pharmacokinetics  in  obese  versus  lean  individuals. 

No  differences  in  the  percentages  of  abnormal  erythrocyte  sedimentation  rates  between  Ranch  Hands  and 
Comparisons  or  relations  between  abnormal  erythrocyte  sedimentation  rates  and  dioxin  levels  were 
observed  during  the  1997  examination.  Erythrocyte  sedimentation  rates  increased  as  1987  dioxin  levels 
increased. 
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Longitudinal  analyses  showed  that  Ranch  Hands,  particularly  the  two  enlisted  strata,  had  an  increased 
percentage  of  abnormal  erythrocyte  sedimentation  rates  than  did  Comparisons  over  the  15  years  of  the 
study  since  1982.  These  analyses  also  showed  that  the  percentages  of  abnormalities  increased  from  1982 
to  1997  as  dioxin  levels  increased.  This  result  was  seen  at  the  1987  study,  but  not  in  1992.  This  positive 
association  raises  the  possibility  of  a  subtle  inflammatory,  infectious,  or  occult  malignant  disease  process 
related  to  the  body  burden  of  dioxin. 

In  conclusion,  fair  or  poor  self-perception  of  health  displayed  an  adverse  association  with  dioxin,  but  the 
relation  with  other  health  conditions  is  unknown.  Increased  body  fat  was  associated  with  increased 
levels  of  dioxin  exposure,  a  finding  most  likely  related  to  the  pharmacokinetics  of  dioxin  elimination. 
Longitudinal  analyses  indicate  an  increased  percentage  of  abnormal  erythrocyte  sedimentation  rates  in 
Ranch  Hands  over  Comparisons  in  the  15  years  of  the  AFHS,  and  a  relation  between  abnormal 
erythrocyte  sedimentation  rates  and  levels  of  dioxin  during  these  15  years.  Other  measures  of  general 
health  revealed  no  association  with  levels  of  dioxin. 
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10  NEOPLASIA  ASSESSMENT 


10.1  INTRODUCTION 

10.1.1  Background 

Between  1977  and  1988,  numerous  long-term  exposure  studies  established  the  multi-organ 
carcinogenicity  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin)  in  experimental  animals  (1-8).  The 
oncogenic  response  to  dioxin  occurs  in  multiple  strains  and  species,  in  both  sexes,  and  by  several  routes 
of  administration:  dermal  (5),  feeding  (1,  2)  and  gavage  (3, 4,  6),  and  intraperitoneal  injection  (7). 

Across  a  wide  dose  range  and  duration  of  exposure,  dioxin  can  be  considered  a  “complete”  carcinogen 
solely  responsible  for  a  variety  of  malignant  tumors  at  multiple  sites  (9).  In  rats,  it  has  produced  tumors 
of  the  liver,  thyroid,  adrenal  cortex,  lung,  nasopharynx,  tongue,  brain,  kidney,  and  breast  (1,  2, 4);  in 
mice,  tumors  of  the  liver,  thymus,  breast,  stomach,  and  skin  (3-6);  and  in  the  Syrian  Hamster,  a  squamous 
cell  carcinoma  of  the  skin  (7).  The  histopathologic  characteristics  of  the  neoplastic  response 
demonstrated  even  greater  variety — more  than  30  distinct  malignancies  have  been  characterized 
microscopically  (10). 

As  summarized  in  a  recent  review  article  (11),  much  of  the  basic  research  into  the  carcinogenicity  of 
dioxin  in  laboratory  animals  has  focused  on  the  properties  of  the  aryl  hydrocarbon  (Ah)  receptor  and  the 
induction  of  the  cytochrome  P-450  enzyme  system  (1 1-17).  The  biologic  basis  for  the  assessment  of  risk 
related  to  dioxin  exposure  has  been  well  established  in  molecular,  biochemical,  and  pharmacologic 
studies  and  reviews  (13,  18-24).  The  Ah  receptor  has  been  isolated  from  the  tissues  of  several  human 
organs  (25-28)  and  the  comparative  properties  of  animal  and  human  receptors  have  been  studied  (29,  30). 
These  experiments  have  demonstrated  far  fewer  Ah  receptor  sites  and  a  significant  reduction  in  dioxin 
binding  affinity  in  human  cells  relative  to  rodent  cell  lines.  These  results  suggest  that  at  any  level  of 
exposure,  humans  may  be  less  at  risk  for  dioxin  toxicity  than  laboratory  animals  (24). 

Despite  the  conclusive  evidence  that  dioxin  is  a  potent  carcinogen  in  animal  experiments,  the 
carcinogenicity  of  dioxin  in  humans  remains  controversial  (31-36).  The  limitations  of  most 
epidemiological  studies  are  well  recognized  and  include  the  recall  bias  inherent  in  the  retrospective 
collection  of  data,  confounding  by  exposure  to  other  potential  toxins,  histologic  misclassification,  and  the 
lack  of  accurate  indices  of  prior  exposure  to  dioxin  (31,  37,  38).  Despite  these  limitations,  the  Institute  of 
Medicine  has  concluded  that  there  is  “sufficient”  evidence  to  establish  an  association,  although  not  a 
causal  relation,  between  dioxin  exposure  and  the  occurrence  of  soft  tissue  sarcoma  (STS),  non-Hodgkin’s 
lymphoma,  and  Hodgkin’s  disease.  The  evidence  for  an  association  with  respiratory  cancers,  prostate 
cancer,  and  multiple  myeloma  was  considered  “limited/suggestive”  (39).  Each  of  these  malignancies  is 
among  the  clinical  endpoints  included  in  mortality  and  morbidity  data  collected  in  this  and  previous 
examinations  of  the  Air  Force  Health  Study  (AFHS). 

Most  of  the  longitudinal  studies  of  dioxin  toxicity  have  included  malignancy  as  a  clinical  endpoint  and 
have  been  based  on  cohorts  of  veterans  who  served  during  the  Vietnam  era  (40-49)  and  of  civilian 
populations  exposed  to  dioxin  by  occupation  (50-59)  or  as  a  consequence  of  industrial  accidents  (60-64). 
The  development  of  assay  techniques  that  quantitate  the  tissue  concentration  of  dioxin  in  parts  per 
quadrillion  (65)  and  the  validation  of  the  reproducibility  and  reliability  of  the  serum  dioxin  assay  in  parts 
per  trillion  (ppt)  (66)  have  placed  epidemiological  studies  of  dioxin  toxicity  on  a  much  more  scientific 
footing.  The  serial  analysis  of  serum  dioxin  levels  from  specimens  taken  15  to  25  years  after  exposure 
has  demonstrated  that  the  best  estimate  for  the  half-life  of  dioxin  in  humans  is  8.7  years  (67).  Although 
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an  increasing  number  of  published  studies  have  incorporated  serum  dioxin  levels  into  their  analyses  (68- 
73),  few  have  examined  the  incidence  of  malignancy  and  associated  mortality  in  relation  to  this  index  of 
dioxin  exposure  (44,  50,  52, 59,  60,  63). 

As  part  of  the  National  Institute  of  Occupational  Safety  and  Health’s  (NIOSH)  Dioxin  Registry,  cause- 
specific  mortality  was  determined  in  5,172  workers  exposed  to  dioxin  at  chemical  production  plants  (50). 
The  mean  dioxin  level  of  253  members  of  the  exposed  cohort  was  233  ppt  versus  7  ppt  in  the  unexposed 
cohort.  In  the  entire  group  of  exposed  workers,  there  was  a  slight  but  statistically  significant  increase  in 
mortality  from  all  cancers  combined  but  not  from  those  associated  with  dioxin  exposure  (non-Hodgkin’s 
lymphoma,  Hodgkin’s  disease,  and  STS).  In  a  subcohort  of  1,520  workers  with  longer  exposure  (greater 
than  1  year;  mean  serum  dioxin  of  418  ppt)  and  greater  latency  (more  than  20  years  since  first  exposure), 
there  was  a  further  increase  in  the  mortality  from  all  cancers  combined  (15%  excess),  a  42  percent  excess 
of  respiratory  cancers,  and  a  ninefold  excess  of  STS  sarcoma  (35).  In  the  most  recently  published  report 
from  the  NIOSH  study,  which  extended  the  period  of  observation  for  another  6  years  through  1993,  the 
standardized  mortality  ratio  for  all  cancers  combined  in  the  cohort  with  the  highest  exposure  was  1.60  and 
for  lung  cancer,  1.65  (74). 

Although  methodological  limitations  of  the  NIOSH  study  such  as  tissue  classification  (75),  confounding 
(34,  61),  and  others  (10)  have  been  commented  upon  in  the  literature,  some  of  the  results  are  consistent 
with  those  of  several  other  occupational  epidemiological  studies  from  Germany.  In  a  34-year  follow-up 
of  German  factory  workers  exposed  during  a  chemical  explosion  in  1953,  the  increase  in  mortality  from 
all  cancers  combined  was  statistically  significant  only  after  a  latency  period  of  greater  than  20  years  (63). 
Similarly,  in  another  mortality  study  of  herbicide  production  workers  who  were  followed  over  a  32-year 
period  and  whose  exposure  was  verified  by  adipose  tissue  level  (average  dioxin  level  of  296  ng/kg),  the 
increase  in  all-cancer  mortality  was  significant  only  in  those  with  more  than  1-year  exposure  and  latency 
period  greater  than  20  years.  In  this  group,  a  significant  increase  in  mortality  was  noted  from  both  lung 
and  hematopoietic  cancers  with  a  threefold  increase  in  risk  for  non-Hodgkin’s  lymphoma  (52).  In  the 
most  recently  published  report  of  this  study,  the  mortality  follow-up  was  extended  another  3  years  and  the 
significant  increase  in  all-cancer  mortality  was  confirmed  (59).  Taken  together,  the  NIOSH  and  German 
studies  are  consistent  with  a  carcinogenic  effect  of  dioxin  in  humans  with  demonstrable  dose-response 
and  latency  effects. 

By  far  the  most  extreme  human  exposure  to  dioxin  occurred  consequent  to  the  industrial  explosion  at 
Seveso,  Italy,  in  1976  (60,  64,  76,  77).  In  the  population  closest  to  the  explosion  (Zone  A),  serum  levels 
of  dioxin  ranged  from  828  ppt  to  56,000  ppt,  the  highest  ever  recorded  (78).  In  the  most  recent  follow-up 
report  published  (60),  residents  of  Zone  B,  farther  from  the  source  of  contamination  with  serum  dioxin 
levels  ranging  from  74  ppt  to  526  ppt  shortly  after  the  accident,  statistically  significant  increases  in 
several  cancers  were  noted,  including  primary  hepatic  and  hematopoietic  cancers  and,  particularly,  non- 
Hodgkin’s  lymphoma  in  men  and,  in  women,  cancers  of  the  gallbladder  and  biliary  tree.  The  Seveso 
studies  are  limited  by  the  small  sample  sizes  (particularly  in  the  group  most  heavily  exposed),  the  limited 
data  available  on  serum  dioxin  levels,  and  the  lack  of  sufficient  latency  for  the  development  of  cancer. 

In  the  incorporation  of  serial  serum  dioxin  data  into  longitudinal  analyses,  the  AFHS  is  unique  among 
those  that  have  examined  the  incidence  of  malignancy  in  Vietnam  War  veterans.  During  the  1992 
examinations,  after  10  years  of  observation,  the  median  serum  dioxin  level  in  the  Ranch  Hand  cohort  was 
nearly  three  times  that  of  the  Comparison  group  (12.5  ppt  versus  4.1  ppt)  (44).  Further,  stratification  of 
the  Ranch  Hand  cohort  by  occupation  revealed  significantly  higher  median  levels  of  serum  dioxin  in  the 
enlisted  groundcrew  (24.1  ppt)  and  enlisted  flyers  (17.8  ppt)  than  in  the  officers  (7.7  ppt). 

In  the  1992  follow-up  examination,  Ranch  Hands  continued  to  have  a  slightly  higher  history  of  benign 
and  malignant  skin  neoplasms  than  Comparisons,  but  group  differences  were  no  longer  significant.  A 


10-2 


statistically  significant  inverse  dose-response  effect  was  noted,  as  basal  cell  skin  cancer  decreased  as  the 
level  of  serum  dioxin  increased.  In  contrast  to  the  1987  examinations,  when  Ranch  Hands  were  found  to 
have  significantly  more  benign  systemic  neoplasms  relative  to  Comparisons,  in  the  1992  examinations, 
the  occurrence  of  benign  systemic  neoplasms  was  similar  in  each  cohort  with  no  evidence  for  a  dose- 
response  effect.  There  were  no  significant  group  differences  in  the  morbidity  or  mortality  associated  with 
any  systemic  malignancy,  nor  was  there  any  increased  risk  associated  with  current  or  initial  levels  of 
serum  dioxin.  In  a  recently  published  AFHS  article,  based  on  data  collected  through  the  1992 
examination,  there  was  no  significant  increase  in  cancer  risk  in  Ranch  Hands  with  the  highest  levels  of 
serum  dioxin,  nor  was  there  any  consistent  evidence  for  a  dose-response  effect  (79). 

The  term  “neoplasm”  is  used  throughout  this  report  and  refers  to  any  new  growth  that  may  or  may  not  be 
malignant.  Malignant  neoplasms  are  those  neoplasms  capable  of  invasion  and  metastasis.  Malignant  and 
benign  neoplasms,  carcinomas  in  situ,  and  neoplasms  of  uncertain  behavior  or  unspecified  nature,  as  well 
as  skin  and  systemic  neoplasms,  were  studied.  “Systemic  neoplasm”  denotes  a  nonskin  neoplasm. 

10. 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

10. 1.2 . 1  1982  Baseline  Study  Summary  Results 

Cancer  received  major  emphasis  during  the  AFHS  baseline  examination  in  1982.  The  neoplasia 
assessment  used  data  from  both  the  in-home  questionnaire  and  the  review-of-systems  questionnaire 
obtained  during  the  physical  examination,  as  well  as  data  from  the  examination  itself.  All  data  were 
verified  by  a  medical  records  review.  In  addition,  tabulation  of  mortality  count  data  from  the  Baseline 
Mortality  Report  was  used  in  conjunction  with  cancer  morbidity  information.  The  overall  results  did  not 
show  a  significant  difference  in  systemic  cancer  between  the  two  groups,  but  did  show  significantly  more 
skin  cancer  (p=0.03)  in  the  Ranch  Hand  group. 

Of  50  reported  systemic  cancers  from  the  Ranch  Hand  and  Comparison  groups,  28  (14  in  each  group) 
were  verified  by  medical  records  and  pathology  reports.  A  visual  inspection  of  anatomic  sites  showed  a 
slight  excess  of  genitourinary  cancer  and  oropharyngeal  cancer  but  a  relative  deficit  of  digestive  system 
neoplasms  in  Ranch  Hands.  A  combined  morbidity-mortality  assessment  derived  from  the  initial  1:1 
match  (Ranch  Hand  to  the  Original  Comparison  member)  disclosed  similar  distributions.  One  case  of 
STS  and  one  case  of  Hodgkin’s  disease  were  confirmed,  both  in  the  Comparison  group. 

Questionnaire  data  verified  by  a  medical  records  review  revealed  significantly  more  skin  cancer  in  Ranch 
Hands  (odds  ratio  2.35).  Basal  cell  carcinoma  accounted  for  83.9  percent  of  the  reported  skin  cancers  in 
both  groups  and  was  concentrated  anatomically  on  the  face,  head,  and  neck.  The  few  melanoma  and 
squamous  cell  cancers  were  distributed  evenly  between  the  Ranch  Hand  and  Comparison  groups.  Skin 
cancer  in  both  groups  was  associated  with  exposure  to  industrial  chemicals  (p=0.03).  Adjustments  for 
occupational  exposures  (e.g.,  asbestos,  degreasing  chemicals)  did  not  alter  the  increased  rate  of  skin 
cancer  in  the  Ranch  Hand  group.  Outdoor  occupations  subsequent  to  military  service  as  a  covariate  did 
not  account  for  the  significant  skin  cancer  association. 

10.1.2.2  1985  Follow-up  Study  Summary  Results 

The  baseline  and  1985  follow-up  data  were  combined  for  the  assessment  of  lifetime  history  of  cancer; 
occurrences  of  cancer  prior  to  their  service  in  Southeast  Asia  (SEA)  were  excluded. 

For  the  unadjusted  analyses  (Blacks  and  non-Blacks  included),  Ranch  Hands  had  a  significantly  greater 
frequency  of  a  verified  skin  neoplasm  (malignant,  benign,  or  uncertain  behavior  or  unspecified  nature) 
than  Comparisons.  There  were  no  significant  unadjusted  group  differences  in  non-Black  participants  for 
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basal  cell  carcinoma,  squamous  cell  carcinoma,  melanoma,  or  all  malignant  skin  neoplasms.  For  verified 
sun  exposure-related  malignant  skin  neoplasms,  Ranch  Hands  had  a  marginally  significantly  greater 
frequency  than  Comparisons.  The  groups  did  not  differ  significantly  for  verified  and  suspected  sun 
exposure-related  malignant  skin  neoplasms.  The  adjusted  group  contrast  for  the  sun  exposure-related  skin 
cancers,  the  majority  of  which  were  basal  cell  carcinomas,  also  was  significant  (p=0.030). 

The  unadjusted  group  contrasts  for  all  systemic  cancers  combined  were  not  significant.  There  was  one 
new  occurrence  of  an  STS  (Ranch  Hand)  and  one  suspected  cancer  of  the  lymphatic  system  (Ranch 
Hand),  in  addition  to  the  one  previously  reported  STS  and  one  Hodgkin’s  disease  in  the  Comparison 
group.  There  were  no  cases  of  non-Hodgkin’s  lymphoma  in  either  group  at  the  time  of  the  1985  report. 

10.1.2.3  1987  Follow-up  Study  Summary  Results 

The  unadjusted  analysis  of  all  verified  neoplasms  indicated  that  the  proportion  of  Ranch  Hands  with  a 
neoplasm  was  significantly  greater  than  that  of  Comparisons.  After  including  suspected  neoplasms  with 
verified  neoplasms,  the  Ranch  Hand  proportion  was  marginally  greater  than  the  Comparison  proportion. 
The  majority  of  malignant  neoplasms  observed  in  Ranch  Hands  were  basal  cell  carcinomas,  a  nonlife- 
threatening  form  of  skin  cancer.  When  the  analysis  was  performed  only  on  skin  neoplasms  for  non-Black 
participants,  significantly  more  Ranch  Hands  had  a  skin  neoplasm  than  did  Comparisons. 

In  the  unadjusted  analyses  of  verified  basal  cell  carcinoma,  a  marginally  significant  group  difference  was 
found.  After  adjustment  for  age,  residential  history,  sun  exposure,  ethnic  background,  and  ionizing 
radiation  exposure,  the  Ranch  Hand  risk  was  statistically  significantly  increased  for  verified  basal  cell 
carcinoma.  Also,  Ranch  Hands  had  a  significantly  higher  percentage  of  participants  with  multiple 
verified  basal  cell  carcinomas  than  did  Comparisons. 

Sun  exposure-related  malignant  skin  neoplasms  also  exhibited  group  differences.  (Approximately  90 
percent  of  the  participants  with  a  sun  exposure-related  malignant  neoplasm  had  a  basal  cell  carcinoma.) 

In  both  the  unadjusted  and  adjusted  analyses,  Ranch  Hands  exhibited  a  significantly  increased  risk  for 
these  neoplasms. 

No  significant  group  differences  were  found  in  the  analyses  of  systemic  neoplasms  by  number,  behavior 
(malignant,  benign,  or  uncertain  behavior  or  unspecified  nature),  or  site.  Thus,  the  increase  in  overall 
malignancy  was  because  of  elevated  relative  risks  for  skin  cancer  (basal  cell  carcinoma).  The  number  of 
STS  and  non-Hodgkin’s  lymphoma  was  comparable  in  the  two  groups. 

1 0. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

The  analyses  generally  did  not  establish  a  positive  association  between  dioxin  and  the  presence  of  a  skin 
neoplasm.  Significant  relative  risks  were  found  for  the  skin  neoplasm  analyses;  although,  the  relative 
risks  were  almost  always  less  than  1.0.  For  the  analyses  focusing  on  enlisted  flyers  with  a  basal  cell 
carcinoma  of  other  sites  (and  a  sun  exposure-related  malignant  skin  neoplasm  of  other  sites),  relative  risks 
were  found  to  be  significant  and  greater  than  1.0.  These  differences  were  not  noted  in  the  enlisted 
groundcrew  who,  as  a  group,  had  higher  levels  of  serum  dioxin  than  the  enlisted  flyers. 

In  general,  the  analyses  of  all  systemic  neoplasms  combined  produced  some  significant  or  marginally 
significant  relative  risks  greater  than  1.0.  The  relative  risk  for  participants  with  a  benign  systemic 
neoplasm  was  significantly  greater  than  1.0.  The  relative  risk  of  malignant  systemic  neoplasms  was 
generally  not  significantly  increased  with  increases  in  dioxin  levels. 


10-4 


The  study  provided  no  evidence  of  increased  history  of  malignant  neoplasms  most  commonly  suspected 
as  being  associated  with  exposure  to  chlorophenols  (Hodgkin’s  disease,  non-Hodgkin’s  lymphoma,  and 
STS).  The  number  of  participants  with  these  specific  malignancies  was  small;  therefore,  the  statistical 
power  to  detect  small  or  moderately  elevated  relative  risks  was  low.  There  is  no  evidence  of  a  relation 
between  dioxin  and  either  skin  or  systemic  malignancies  in  these  data.  There  was  a  suggestion  of  a  dose- 
response  relation  between  dioxin  and  benign  systemic  neoplasms. 

10.1.2.5  1992  Follow-up  Study  Summary  Results 

Analyses  of  all  Ranch  Hands  and  Comparisons  indicated  no  significant  difference  between  the  two  groups 
with  regard  to  benign  or  malignant  neoplasms.  All  statistically  significant  associations  between  initial 
dioxin  and  benign  or  malignant  neoplasm  endpoints  for  Ranch  Hands  showed  an  inverse  dose-response 
relation.  In  the  categorized  dioxin  analyses  occurrence  of  neoplasms  for  Ranch  Hands  in  the  background 
and  low  dioxin  categories  was  often  greater  than  the  occurrence  for  Comparisons  before  adjustment  for 
covariates.  After  adjustment,  the  only  significantly  increased  risks  were  for  Ranch  Hands  in  the  low 
category  (overall  skin  neoplasms  and  malignancies  of  the  colon  and  rectum).  In  contrast,  the  occurrence 
of  neoplasms  of  any  type  for  Ranch  Hands  in  the  high  dioxin  category  was  never  significantly  elevated 
and  was  often  less  than  the  occurrence  for  Comparisons.  Parallel  to  analyses  using  initial  dioxin,  results 
observed  when  current  dioxin  was  used  as  the  measure  of  exposure  often  indicated  a  negative  dose- 
response  relation,  although  this  was  statistically  significant  in  the  adjusted  analyses  only  for  benign  skin 
neoplasms.  In  summary,  there  appeared  to  be  no  overall  difference  between  Ranch  Hands  and 
Comparisons,  and  there  was  no  evidence  to  suggest  a  positive  dose-response  relation  between  dioxin  and 
neoplastic  disease. 

10. 1 .3  Parameters  for  the  1 997  Neoplasia  Assessment 
10. 1.3. 1  Dependent  Variables 

The  neoplasia  assessment  was  based  on  the  occurrence  of  neoplasms  (both  benign  and  malignant)  after 
service  in  SEA.  Information  on  the  occurrence  of  neoplasms  was  indicated  in  the  health  questionnaires 
and  the  physical  examinations  at  the  1982  baseline  examination  and  at  the  1985,  1987,  and  1992  follow¬ 
up  studies  and  was  coded  according  to  conventions  in  the  International  Classification  of  Diseases,  9th 
Revision,  Clinical  Modification  (ICD-9-CM)  manual.  This  information  was  combined  with  data 
collected  at  the  1997  follow-up  examination  to  form  a  complete  neoplastic  history  for  each  participant. 

The  neoplasia  assessment  was  based  on  the  number  of  participants  with  a  neoplasm  and  not  on  the 
number  of  neoplasms.  A  participant  was  considered  to  have  an  adverse  health  condition  for  the  neoplasia 
assessment  if  he  had  one  or  more  neoplasms. 


10. 1.3. 1.1  Medical  Records  Data 

During  the  1997  health  interview,  each  study  participant  was  asked  a  series  of  questions  on  the 
occurrence  of  cancer  since  the  date  of  his  last  health  interview.  The  self-reported  conditions  were  verified 
by  a  medical  records  review  and  combined  with  cancer  information  collected  at  previous  AFHS 
examinations.  Only  verified  neoplasms  were  used  in  the  neoplasia  assessment. 

Some  possible  neoplastic  conditions  were  discovered  by  the  physicians  at  the  physical  examination. 
Contingent  upon  participant  authorization,  suspicious  skin  lesions  were  biopsied  and  the  pathology 
determined;  no  other  invasive  procedures  were  used  to  detect  systemic  neoplasms. 
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10.1.3.1.1.1  Skin  Neoplasms 

The  analysis  of  skin  neoplasms  was  divided  into  two  sets.  Analysis  Set  1  consisted  of  analyses  of  skin 
neoplasms  by  behavior  type.  Four  behavior  types  were  examined:  (1)  all  skin  neoplasms,  (2)  malignant 
skin  neoplasms  only,  (3)  benign  skin  neoplasms  only,  and  (4)  skin  neoplasms  of  uncertain  behavior  or 
unspecified  nature. 

Analysis  Set  2  consisted  of  analyses  of  malignant  skin  neoplasms  by  cell  type.  The  following  four  cell 
types  were  analyzed:  (1)  basal  cell  carcinomas,  (2)  squamous  cell  carcinomas,  (3)  nonmelanoma  (basal 
cell  carcinomas,  squamous  cell  carcinomas,  and  malignant  epithelial  neoplasms  not  otherwise  specified), 
and  (4)  melanoma.  Analysis  of  basal  cell  carcinomas  was  conducted  for  all  sites  combined  and  by  site. 
The  following  four  sites  were  examined  for  basal  cell  carcinomas:  (1)  ear,  face,  head,  and  neck;  (2) 
trunk;  (3)  upper  extremities;  and  (4)  lower  extremities. 

There  were  relatively  few  Black  participants  in  this  study  (approximately  5%).  With  the  exception  of  one 
Black  participant  with  a  pre-SEA  melanoma.  Blacks  have  been  observed  to  exhibit  only  benign  skin 
neoplasms  in  all  phases  of  the  study  to  date.  Consequently,  skin  neoplasm  analyses,  except  for  the 
analyses  of  benign  skin  neoplasms,  were  limited  to  non-Blacks.  Both  Blacks  and  non-Blacks  were 
included  in  the  analysis  of  benign  skin  neoplasms.  Participants  with  a  pre-SEA  skin  neoplasm  were 
excluded  from  the  analysis  of  the  skin  neoplasm  variables. 

10. 1.3. 1. 1.2  Systemic  Neoplasms 

The  systemic  neoplasms  were  analyzed  by  behavior  and  anatomical  site.  As  with  skin  neoplasms,  each 
analysis  was  conducted  using  verified  data.  The  analysis  of  the  systemic  neoplasms  was  divided  into  two 
sets,  described  below. 

Analysis  Set  1  consisted  of  analyses  of  systemic  neoplasms  by  behavior  type.  The  following  four 
behavior  types  were  examined:  (1)  all  systemic  neoplasms,  (2)  malignant  systemic  neoplasms,  (3)  benign 
systemic  neoplasms,  and  (4)  systemic  neoplasms  of  uncertain  behavior  or  unspecified  nature. 

Analysis  Set  2  consisted  of  analyses  of  malignant  systemic  neoplasms  by  the  following  sites:  (1)  ear,  eye, 
head,  face,  and  neck;  (2)  oral  cavity,  pharynx,  and  larynx;  (3)  esophagus;  (4)  brain;  (5)  thymus  and 
mediastinum;  (6)  thyroid  gland;  (7)  bronchus  and  lung;  (8)  liver;  (9)  colon  and  rectum;  (10)  kidney  and 
bladder;  (11)  prostate;  (12)  testicles;  (13)  extrahepatic  bile  duct;  (14)  ill-defined  sites;  (15)  connective  and 
other  soft  tissues;  and  (16)  carcinomas  in  situ  of  the  penis. 

In  addition  to  the  analyses  described  above,  the  number  of  participants  with  Hodgkin’s  disease, 
non-Hodgkin’s  lymphoma,  and  a  malignant  systemic  neoplasm  of  lymphoid  and  histiocytic  tissue  was 
analyzed. 

Participants  with  a  pre-SEA  malignant  systemic  neoplasm  or  a  pre-SEA  systemic  neoplasm  of  uncertain 
behavior  or  an  unspecified  nature  were  excluded  from  the  analysis  of  the  systemic  neoplasm  variables. 

10.1.3.1.1.3  Skin  and  Systemic  Neoplasms 

Statistical  analysis  was  performed  on  all  malignant  neoplasms,  which  was  a  combination  of  malignant 
skin  and  malignant  systemic  neoplasms.  In  addition,  statistical  analysis  was  performed  on  all  neoplasms, 
which  was  a  combination  of  all  skin  and  all  systemic  neoplasms  (benign,  malignant,  and  uncertain 
behavior).  Participants  with  a  pre-SEA  skin  neoplasm,  a  pre-SEA  malignant  systemic  neoplasm,  or  a  pre- 
SEA  systemic  neoplasm  of  uncertain  behavior  or  an  unspecified  nature  were  excluded  from  the  analysis 
of  this  variable. 
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10. 1.3. 1.2  Laboratory  Examination  Data 

The  prostate-specific  antigen  (PSA)  test  was  developed  to  detect  prostate  enlargement  and  prostate 
cancer.  Each  participant  had  his  PSA  measured  as  a  standard  part  of  the  laboratory  assay.  This 
measurement  was  continuous  in  nature,  and  the  units  were  ng/ml.  An  analysis  was  performed  on  the 
continuous  measurement,  as  well  as  on  a  discrete  form.  The  discrete  form  of  PSA  was  categorized  as 
high  or  normal,  based  on  a  cutpoint  of  4  ng/ml. 

10.1.3.2  Covariates 

In  the  analysis  of  the  1997  examination  results,  covariates  in  adjusted  statistical  analyses  assessing  skin 
neoplasms  included  age,  military  occupation,  skin  color,  hair  color,  eye  color,  skin  reaction  to  sun  after 
the  first  exposure,  skin  reaction  to  sun  after  repeated  exposure,  lifetime  exposure  to  ionizing  radiation  and 
industrial  chemicals  (yes  or  no),  and  average  lifetime  residential  history.  A  composite  skin-reaction 
index,  which  is  a  composite  of  the  two  individual  reactions  of  skin  to  sun  covariates,  also  was 
investigated. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Information  on  skin,  hair,  and 
eye  color  was  obtained  at  the  1997  physical  examination  for  participants  who  did  not  attend  the  1985, 
1987,  and  1992  examinations,  and  this  information  was  combined  with  data  from  participants  who 
previously  provided  this  information.  Information  on  the  skin  reaction  to  sun  after  the  first  exposure  and 
after  repeated  exposure  was  reported  by  the  participant  during  the  questionnaire  phase  at  the  1997 
examination.  Also,  the  participants'  lifetime  exposures  through  1992  to  ionizing  radiation,  industrial 
chemicals,  and  herbicides  (used  in  the  analysis  of  systemic  neoplasms,  discussed  below)  was  updated 
with  information  reported  in  the  1997  questionnaire. 

The  emphasis  on  choosing  risk  factors  related  to  cancer  was  increased  during  the  1985  follow-up  study 
and  has  been  emphasized  since  that  time.  In  particular,  the  interval  health  questionnaire  was  modified  to 
collect  information  on  each  geographic  location  in  which  a  participant  lived  for  more  than  12  months. 
Because  ultraviolet  light  exposure  has  been  acknowledged  as  the  primary  cause  of  basal  cell  carcinomas, 
this  information  was  used  to  compute  a  cumulative  sun-exposure  index  based  on  residential  history.  An 
average  lifetime  residential  history  was  estimated  by  dividing  the  total  degree-years  (i.e.,  the  sum  of  the 
product  of  latitude  [degrees]  and  the  number  of  years  lived  at  each  residence)  from  all  residences  by  the 
total  number  of  residential  years  reported  on  questionnaires  since  1985.  Average  lifetime  residential 
history  was  dichotomized  as  less  than  37  degrees  latitude  (southerly)  or  greater  than  or  equal  to  37 
degrees  latitude  (northerly),  which  was  the  approximate  median  in  previous  AFHS  examinations. 

Covariates  in  adjusted  statistical  analyses  assessing  systemic  neoplasms  and  PSA  included  age,  race, 
lifetime  exposure  to  ionizing  radiation  and  herbicides,  lifetime  cigarette  smoking  history  (in  pack-years), 
and  lifetime  alcohol  history  (in  drink-years). 

Lifetime  cigarette  smoking  history  was  based  on  questionnaire  data.  For  lifetime  cigarette  smoking 
history,  the  respondent’s  average  smoking  was  estimated  over  his  lifetime  based  on  his  responses  to  the 
1997  questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes  smoked  during  a  single  year. 

Each  participant  was  asked  about  his  drinking  patterns  throughout  his  lifetime.  When  a  participant’s 
drinking  patterns  changed,  he  was  asked  to  describe  how  his  alcohol  consumption  differed  and  the 
duration  of  time  that  the  drinking  pattern  lasted.  The  participant’s  average  daily  alcohol  consumption  was 
determined  for  each  of  the  reported  drinking  pattern  periods  throughout  his  lifetime,  and  an  estimate  of 
the  corresponding  total  number  of  drink-years  was  derived.  One  drink-year  was  the  equivalent  of 
drinking  1.5  ounces  of  an  80-proof  alcoholic  beverage,  one  12-ounce  beer,  or  one  5-ounce  glass  of  wine 
per  day  for  1  year. 
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Almost  all  Ranch  Hands  reported  herbicide  exposure  at  some  point  in  their  lifetime  (see  Chapter  8, 
Covariate  Associations  with  Estimates  of  Dioxin  Exposure).  Consequently,  herbicide  exposure  in  Ranch 
Hands  was  of  limited  use  as  a  risk  factor  for  explaining  the  presence  of  a  systemic  neoplasm.  Therefore, 
many  of  the  Model  2  and  Model  4  analyses  of  systemic  neoplasms  and  PSA,  which  were  based  on  Ranch 
Hands  only,  did  not  use  herbicide  exposure  as  a  covariate.  Analyses  that  did  not  use  herbicide  exposure 
as  a  co variate  are  specified  in  footnotes  to  the  table. 

Categories  of  covariates  and  definitions  are  summarized  below: 

•  Skin  Color:  dark,  medium,  pale,  dark  peach,  and  pale  peach  (classified  for  analysis  purposes  as 
(1)  dark,  medium,  pale,  or  (2)  dark  peach,  pale  peach). 

•  Hair  Color:  black,  dark  brown,  light  brown,  blonde,  red,  and  bald  (classified  for  analysis 
purposes  as  (1)  black,  dark  brown,  or  (2)  light  brown,  blonde,  red,  bald). 

•  Eye  Color:  brown,  hazel,  green,  gray,  and  blue  (classified  for  analysis  purposes  as  (1)  brown,  (2) 
hazel,  green,  or  (3)  gray,  blue). 

•  Skin  Reaction  to  Sun  After  First  Exposure:  bums  painfully,  bums,  becomes  red,  and  no  reaction. 

•  Skin  Reaction  to  Sun  After  Repeated  Exposure:  freckles  with  no  tan,  tans  mildly,  tans 
moderately,  and  tans  deep  brown. 

•  Composite  Skin-Reaction  Index:  a  composite  variable  based  on  two  reactions  of  skin  to  sun 
exposure  variables  was  defined  as  follows:  (1)  bums  painfully  or  freckles  with  no  tan,  (2)  burns 
or  tans  mildly,  and  (3)  all  other  reactions. 

•  Average  Lifetime  Residential  History:  average  latitude  less  than  37  degrees  and  average  greater 
than  or  equal  to  37  degrees. 

•  Exposure  to  Carcinogens:  ionizing  radiation,  industrial  chemicals,  and  herbicides  (yes  or  no  for 
each).  These  exposures  represent  lifetime  exposure  based  on  self-reported  questionnaire  data 
from  the  1997  examination  combined  with  previous  examinations. 

1 0. 1 .4  Statistical  Methods 

Table  10-1  summarizes  the  statistical  analysis  performed  for  the  neoplasia  assessment.  The  first  part  of 
this  table  identifies  the  dependent  variables,  co  variates,  exclusions,  and  the  statistical  methods.  This 
information  is  presented  in  the  following  four  sections:  skin  neoplasms,  systemic  neoplasms,  skin  and 
systemic  neoplasms  combined,  and  PSA.  Data  source,  data  form,  and  outpoints  are  summarized  at  the 
end  of  the  table.  The  second  part  of  the  table  describes  the  covariates.  A  covariate  was  used  in  its 
continuous  form  whenever  possible  for  all  adjusted  analyses;  if  necessary,  or  if  the  covariate  was 
inherently  discrete  (e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of 
association  with  the  dependent  variable,  the  covariate  was  categorized  as  shown  in  Table  10-1. 
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Table  10-1.  Statistical  Analysis  for  the  Neoplasia  Assessment 


Dependent  Variables 


Category 

Site 

Exclusions1’ 

Statistical  Analysis 
f  |  and  Methods 

Skin  Neoplasms 

Behavior 

All 

All  Sites  Combined 

(1) 

(a) 

U:LR 

A:LR 

Malignant 

All  Sites  Combined 

(1) 

(a) 

U:LR 

A:LR 

L:LR 

Benign 

All  Sites  Combined 

(1) 

(b) 

U:LR 

A:LR 

Uncertain  Behavior  or 
Unspecified  Nature 

All  Sites  Combined 

(1) 

(a) 

U:LR,CS 

A:LR 

Cell  Type  and  Site 

Basal  Cell  Carcinoma 

All  Sites  Combined 

Ear,  Face,  Head,  and  Neck 

Trunk 

Upper  Extremities 

Lower  Extremities 

(1) 

(a) 

U:LR 

A:LR 

Squamous  Cell  Carcinoma 

All  Sites  Combined 

(1) 

(a) 

U:LR 

A:LR 

Nonmelanoma 

All  Sites  Combined 

(1) 

(a) 

U:LR 

A:LR 

Melanoma 

All  Sites  Combined 

(1) 

(a) 

U:LR,CS 

A:LR 

Systemic  Neoplasms 

Behavior 

All 

All  Sites  Combined 

(2) 

(c) 

U:LR 

A:LR 

Malignant 

All  Sites  Combined 

(2) 

(c) 

U:LR 

A:LR 

L:LR 

Benign 

All  Sites  Combined 

(2) 

(c) 

U:LR 

A:LR 

L:LR 

Uncertain  Behavior  or 
Unspecified  Nature 

All  Sites  Combined 

(2) 

(c) 

U:LR 

A:LR 

Site 

Malignant 

Eye,  Ear,  Face,  Head,  and  Neck 

(2) 

(C) 

U:LR 

A:LR 

Malignant 

Oral  Cavity,  Pharynx,  and  Larynx 

(2) 

(C) 

U:LR 

A:LR 

10-9 


Table  10-1.  Statistical  Analysis  for  the  Neoplasia  Assessment  (Continued) 


Site 

Covariatesa 

Exclusions’5 

Statistical  Analysis 
and  Methods  ||| 

Malignant 

Esophagus 

- 

(c) 

Descriptive 

Malignant 

Brain 

- 

(C) 

Descriptive 

Malignant 

Thymus,  Heart,  and  Mediastinum 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Thyroid  Gland 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Bronchus  and  Lung 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Liver 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Colon  and  Rectum 

(2) 

(C) 

U:LR 

A:LR 

Malignant 

Kidney  and  Bladder 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Prostate 

(2) 

(C) 

U:LR 

A:LR 

Malignant 

Testicles 

(2) 

(C) 

U:LR,CS 

A:LR 

Malignant 

Extrahepatic  Bile  Duct 

- 

(C) 

Descriptive 

Malignant 

Ill-Defined  Sites 

- 

(C) 

Descriptive 

Malignant 

Connective  and  Other  Soft  Tissues 

(2) 

(C) 

U:LR,CS 

A:LR 

Carcinoma  In  Situ 

Penis 

- 

(C) 

Descriptive 

Hodgkin’s  Disease 

— 

(2) 

(C) 

U:LR,CS 

A:LR 

Non-Hodgkin’s  Lymphoma 

— 

(2) 

(C) 

U:LR,CS 

A:LR 

Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  and 

— 

(2) 

(C) 

U:LR,CS 

A:LR 

Histiocytic  Tissue 

Skin  and  Systemic  Neoplasms 

All 

All  Sites  Combined 

(3) 

(d) 

U:LR 

A:LR 

Statistical  Attains 

\  t  *3?  VaHable  (Units)  ’ 

Data  Form  Outpoints 

|  Covariates**  ; 

Exclusions6  jf. 

and  Methods  >  J 

Prostate-Specific  Anticen 

Prostate-Specific  Antigen 
(ng/ml) 

D/C  High:  >4 

Normal:  <4 

(2) 

(e) 

U:LR,GLM 

A:LR,GLM 

Dependent  Variables  (Except  for  PSA) 


Data  Source:  Review  of  medical  records  and  verification  based  on  AFHS  1997  follow-up  questionnaires  and 
physical  examinations,  except  for  PSA,  which  was  measured  by  Scripps  Clinic  in  1997. 

Data  Form:  Discrete. 

Outpoints:  Yes  or  No. 
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Table  10-1.  Statistical  Analysis  for  the  Neoplasia  Assessment  (Continued) 


a  Co  variates: 

(1) :  age,  military  occupation,  skin  color,  hair  color,  eye  color,  skin  reaction  to  sun  after  first  exposure,  skin  reaction 
to  sun  after  repeated  exposure,  composite  skin-reaction  index,  residential  history,  ionizing  radiation  exposure,  and 
industrial  chemicals  exposure. 

(2) :  age,  race,  military  occupation,  ionizing  radiation  exposure,  herbicide  exposure,  lifetime  cigarette  smoking 
history,  lifetime  alcohol  history. 

(3) :  age,  race,  military  occupation,  skin  color,  hair  color,  eye  color,  skin  reaction  to  sun  after  first  exposure,  skin 
reaction  to  sun  after  repeated  exposure,  composite  skin-reaction  index,  residential  history,  ionizing  radiation 
exposure,  industrial  chemicals  exposure,  herbicide  exposure,  lifetime  cigarette  smoking  history,  lifetime  alcohol 
history. 

b  Exclusions: 

(a) :  participants  with  pre-SEA  skin  neoplasms,  Blacks. 

(b) :  participants  with  pre-SEA  skin  neoplasms. 

(c) :  participants  with  pre-SEA  uncertain  behavior  neoplasms,  participants  with  pre-SEA  malignant  systemic 
neoplasms. 

(d) :  participants  with  pre-SEA  skin  neoplasms,  participants  with  pre-SEA  uncertain  behavior  neoplasms, 
participants  with  pre-SEA  malignant  systemic  neoplasms. 

(e) :  participants  with  a  prostatectomy  or  radiation  treatment  on  the  prostate  gland. 


Covariates 


Variable  (Units) 

ip.  Data  f  # 
^Source 

Data 

Form 

Outpoints 

Age  (years) 

MIL 

D/C 

Born  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Skin  Color 

PE 

D 

Non-Peach:  Dark,  Medium,  Pale 
Peach:  Dark  Peach,  Pale  Peach 

Hair  Color 

PE 

D 

Black,  Dark  Brown 

Light  Brown,  Blonde,  Red,  Bald 

Eye  Color 

PE 

D 

Brown 

Hazel,  Green 

Gray,  Blue 

Skin  Reaction  to  Sun  After  First  Exposure 

Q-SR 

D 

Burns  Painfully 

Burns 

Becomes  Red 

No  Reaction 

Skin  Reaction  to  Sun  After  Repeated  Exposure 

Q-SR 

D 

Freckles  with  No  Tan 

Tans  Mildly 

Tans  Moderately 

Tans  Deep  Brown 
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Table  10-1.  Statistical  Analysis  for  the  Neoplasia  Assessment  (Continued) 


Variable  (Units) 

Data 

Data 

Form 

Outpoints 

Composite  Skin-Reaction  Index 

Q-SR 

D 

•  Burns  Painfully  After  2  Hours, 
or  Freckles  with  No  Tan  After 
Repeated  Exposure 

•  Burns  After  2  Hours,  or  Tans 
Mildly  After  Repeated 

Exposure 

•  All  Other  Reactions 

Average  Lifetime  Residential  History 

Q-SR 

D 

Latitude  <37° 

Latitude  >37° 

Ionizing  Radiation  Exposure 

Q-SR 

D 

Yes 

No 

Industrial  Chemicals  Exposure 

Q-SR 

D 

Yes 

No 

Herbicide  Exposure 

Q-SR 

D 

Yes 

No 

Lifetime  Cigarette  Smoking  History  (pack-years) 

Q-SR 

D/C 

0 

>0-10 

>10 

Lifetime  Alcohol  History  (drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Abbreviations 

Data  Source: 

MIL:  Air  Force  military  records 

PE:  1997  physical  examination 

Q-SR:  Health  questionnaires  (self-reported) 

Data  Form: 

D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analysis  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 

Statistical  Analysis: 

U:  Unadjusted  analysis 

A:  Adjusted  analysis 

L:  Longitudinal  analysis 

Statistical  Methods: 

CS:  Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2  tables) 

GLM:  General  linear  models  analysis 

LR:  Logistic  regression  analysis 

Many  covariates  were  available  for  use  in  adjusted  analyses  of  skin  and  systemic  neoplasms.  In  addition, 
the  number  of  neoplasms  was  small  for  many  of  the  dependent  variables.  The  modeling  strategy  for  this 
clinical  area  was  to  include  as  many  covariates  as  feasible.  When  the  number  of  participants  with  a 
history  of  a  particular  neoplasm  was  too  small  to  support  analysis  including  all  covariates,  elimination  of 
covariates  was  necessary  to  develop  and  support  meaningful  analysis.  The  covariates  that  were  removed 
from  analysis  for  a  given  health  endpoint  and  model  are  specified  in  footnotes  to  the  table. 
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Table  10-2  provides  a  summary  of  the  number  of  participants  with  missing  covariate  data.  In  addition, 
the  number  of  participants  excluded  is  provided. 


Table  10-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Neoplasia  Assessment 

Group 

If  iiflj  Dioxin  §Jj| 

(Ranch  Hands  Only) 

JH  Categorized  Dioxin 

Ranch 

Hand 

Comparison 

Ranch 

Hand 

Comparison  j 

Hair  Color 

COV 

0 

2 

0 

0 

0 

2 

Skin  Reaction  to  Sun  after 

First  Exposure 

COV 

1 

0 

0 

l 

1 

0 

Skin  Reaction  to  Sun  after 
Repeated  Exposure 

COV 

1 

0 

0 

l 

1 

0 

Composite  Skin-Reaction 

Index 

COV 

1 

0 

0 

l 

1 

0 

Lifetime  Cigarette  Smoking 
History 

COV 

2 

1 

1 

2 

2 

1 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Blacks 

EXC 

55 

73 

36 

55 

55 

70 

Pre-SEA  Skin  Neoplasm 

EXC 

10 

11 

7 

10 

10 

11 

Pre-SEA  Malignant  Systemic 
Neoplasm 

EXC 

5 

0 

4 

5 

5 

0 

Pre-SEA  Systemic  Neoplasm 
of  Uncertain  Behavior 

EXC 

5 

2 

3 

5 

5 

2 

Prostatectomy  or  Radiation 
Treatment  on  Prostate  Gland 

EXC 

41 

61 

24 

40 

40 

61 

Note:  COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


10.1.4. 1  Longitudinal  Analysis 

Longitudinal  analysis  of  malignant  skin  neoplasms,  malignant  systemic  neoplasms,  and  benign  systemic 
neoplasms  was  conducted  to  evaluate  the  association  between  exposure  and  the  change  in  neoplasm  status 
between  the  1982  baseline  examination  and  the  1997  follow-up  examination. 


10.2  RESULTS 

10.2.1  Dependent  V  ariable-Covariate  Associations 

The  associations  between  the  dependent  variables  examined  in  the  neoplasia  assessment  and  the 
covariates  used  in  the  adjusted  analyses  were  investigated,  and  the  results  are  presented  in  Appendix  F, 
Table  F-2.  These  associations  are  pairwise  between  the  dependent  variable  and  the  covariate  and  are  not 
adjusted  for  any  other  covariates.  The  exclusions  specified  in  Table  10-1  were  used  in  the  dependent 
variable-covariate  associations  described  below. 
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Tests  of  covariate  association  were  conducted  for  any  skin  neoplasm  and  malignant  skin  neoplasms. 
Results  were  similar  for  both  variables.  Significant  associations  with  age  (pcO.OOl  for  both)  were  found, 
where  older  participants  displayed  a  greater  history  of  a  skin  neoplasm  or  a  malignant  skin  neoplasm  than 
did  younger  participants.  Significant  associations  also  were  found  with  occupation  (p=0.004  and 
pcO.OOl,  respectively).  More  benign  or  malignant  skin  neoplasms  were  found  for  officers,  followed  by 
enlisted  flyers,  and  then  enlisted  groundcrew.  Skin  color  was  associated  with  skin  neoplasms  and 
malignant  skin  neoplasms  (p<0.001  and  p=0.003,  respectively).  A  higher  percentage  of  skin  neoplasms 
was  found  for  participants  with  peach-colored  skin  as  compared  to  participants  with  non-peach-colored 
skin.  A  significant  association  also  was  found  between  malignant  skin  neoplasms  and  hair  color 
(p=0.025).  More  participants  with  light  brown,  blonde,  or  red  hair  had  malignant  skin  neoplasms  than  did 
participants  with  black  or  dark  brown  hair.  Eye  color  displayed  a  significant  association  with  both 
variables  (p=0.026  and  p=0.023  for  any  skin  neoplasm  and  any  malignant  skin  neoplasm,  respectively). 
Participants  with  brown  eyes  exhibited  the  smallest  percentage  of  skin  neoplasms. 

Significant  associations  also  were  found  between  any  skin  and  malignant  skin  neoplasms  and  both  sun 
reaction  covariates  (p<0.001  for  each).  The  percentage  of  participants  with  skin  neoplasms  increased  as 
the  levels  of  sun  sensitivity  increased  for  both  covariates.  In  addition,  the  composite  skin-reaction  index 
displayed  significant  associations  with  both  variables  (p<0.001  for  both).  For  the  skin-reaction  index,  the 
skin  neoplasms  and  malignant  skin  neoplasms  increased  as  the  reaction  to  sun  increased.  The 
associations  with  average  lifetime  residential  history  were  significant  (p=0.017  and  pcO.OOl, 
respectively).  The  occurrence  of  both  types  of  neoplasms  was  greater  for  those  participants  who  had 
lived  in  more  southerly  latitudes  than  in  the  northern  latitudes.  Ionizing  radiation  exposure  also  displayed 
significant  associations  with  both  variables  (p=0.002  and  p=0.031,  respectively).  More  skin  neoplasms 
and  malignant  skin  neoplasms  were  observed  for  those  participants  who  reported  exposure  to  ionizing 
radiation  than  for  those  who  did  not  report  exposure. 

Results  from  the  covariate  association  tests  for  benign  skin  neoplasms  were  significant  only  for  skin  color 
(p=0.025).  Participants  with  peach-colored  skin  showed  more  benign  skin  neoplasms  (24.6%)  than  did 
participants  with  non-peach-colored  skin  (19.8%). 

The  covariate  association  test  results  for  (a)  any  basal  cell  carcinoma  and  (b)  basal  cell  carcinoma  of  the 
ear,  face,  head,  or  neck  were  similar.  Each  variable  displayed  a  significant  association  with  age  and 
occupation  (pcO.OOl  for  each  association).  The  history  of  a  basal  cell  carcinoma  was  higher  for  older 
participants  and  highest  for  officers.  Associations  with  skin  color  were  also  significant  for  both  basal  cell 
carcinoma  variables  (p=0.019  and  p=0.018,  respectively),  revealing  more  basal  cell  carcinomas  for 
participants  with  peach-colored  skin  than  for  participants  with  non-peach-colored  skin.  Hair  color  also 
was  associated  significantly  with  both  variables  (p=0.019  and  p=0.005).  Participants  with  lighter  hair 
colors  displayed  more  of  the  two  basal  cell  carcinoma  dependent  variables  than  did  participants  with 
darker  hair  colors.  Basal  cell  carcinoma  was  significantly  associated  with  eye  color  (p=0.034).  The 
smallest  percentage  of  participants  with  basal  cell  carcinoma  was  for  those  with  brown  eyes. 

Significant  associations  with  any  basal  cell  carcinoma  and  basal  cell  carcinoma  of  the  ear,  face,  head,  or 
neck  also  were  found  for  both  sun  reaction  covariates  (p<0.001  for  each).  Basal  cell  carcinomas 
increased  as  the  levels  of  sun  sensitivity  increased.  In  addition,  the  composite  skin-reaction  index 
displayed  significant  associations  with  both  co variates  (pcO.OOl  for  both),  where  basal  cell  carcinoma 
increased  as  the  reaction  to  sun  increased.  Significant  associations  also  were  found  for  both  variables 
with  the  average  lifetime  residential  history  (pcO.OOl  for  both  variables).  The  occurrence  of  basal  cell 
carcinoma  was  greater  for  participants  who  had  lived  in  the  more  southerly  latitudes.  A  significant 
association  with  ionizing  radiation  exposure  was  found  for  basal  cell  carcinoma  of  the  ear,  face,  head,  or 
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neck  (p=0.049).  This  association  revealed  more  basal  cell  carcinomas  for  participants  reporting  exposure 
to  ionizing  radiation. 

Tests  of  covariate  association  conducted  for  basal  cell  carcinoma  on  the  trunk  and  basal  cell  carcinoma  on 
the  upper  extremities  showed  similar  results.  Each  variable  was  associated  significantly  with  age 
(p=0.007  and  p=0.031,  respectively).  Older  participants  had  more  basal  cell  carcinomas  on  the  trunk  and 
upper  extremities  than  did  younger  participants.  Occupation  was  also  a  significant  covariate  (pcO.OOl  for 
both).  Officers  had  more  basal  cell  carcinomas  of  the  trunk  or  upper  extremities.  Eye  color  was 
associated  significantly  with  basal  cell  carcinoma  of  the  upper  extremities  (p=0.005).  Participants  with 
hazel  or  green  eyes  had  more  basal  cell  carcinomas. 

Significant  associations  with  basal  cell  carcinoma  of  the  trunk  and  basal  cell  carcinoma  of  the  upper 
extremities  were  also  found  for  both  skin  reaction  to  sun  after  the  first  exposure  (p=0.006  and  pcO.OOl, 
respectively)  and  skin  reaction  to  sun  after  repeated  exposure  (pcO.OOl  for  both  dependent  variables). 

The  occurrence  of  basal  cell  carcinomas  increased  as  the  sensitivity  to  sun  increased.  In  addition,  the 
composite  skin-reaction  index  displayed  significant  associations  with  both  variables  (pcO.OOl  for  both 
basal  cell  carcinoma  variables),  where  basal  cell  carcinoma  of  the  trunk  or  upper  extremities  increased  as 
the  sensitivity  to  sun  increased.  Significant  associations  also  were  found  for  both  basal  cell  carcinoma 
variables  with  average  lifetime  residential  history  (pcO.OOl  and  p=0.039,  respectively).  Basal  cell 
carcinoma  of  the  trunk  or  upper  extremities  was  higher  for  participants  who  had  lived  in  the  more 
southerly  latitudes. 

Tests  of  association  for  squamous  cell  carcinoma  showed  several  significant  findings.  A  significant 
association  with  age  (p=0.002)  displayed  more  squamous  cell  carcinomas  for  older  participants  (3.0%) 
than  for  younger  participants  (0.9%).  The  association  with  occupation  also  was  significant  (p=0.007). 
More  squamous  cell  carcinomas  were  found  for  officers  (3.3%),  then  enlisted  flyers  (1.6%),  and  enlisted 
groundcrew  (1.2%).  The  associations  with  both  skin  reaction  to  sun  covariates  also  were  significant 
(p=0.01 1  for  reaction  after  first  exposure  and  pcO.OOl  for  reaction  after  repeated  exposure).  Both  skin 
reaction  to  sun  covariates  displayed  more  squamous  cell  carcinomas  as  skin  sensitivity  to  sun  increased. 
The  composite  skin-reaction  index  association  with  squamous  cell  carcinoma  was  significant  (pcO.OOl). 
Squamous  cell  carcinoma  increased  as  the  reaction  to  sun  increased.  Squamous  cell  carcinoma  for 
participants  who  had  lived  in  the  more  southerly  latitudes  had  occurred  more  often  than  for  participants 
who  had  lived  in  the  northern  latitudes  (p=0.009). 

Several  covaxiates  were  associated  significantly  with  nonmelanoma.  Significantly  more  nonmelanomas 
(pcO.OOl)  were  observed  in  older  participants  (20.3%)  than  in  younger  participants  (9.7%). 

Nonmelanoma  also  was  associated  significantly  with  occupation  (pcO.OOl).  Nonmelanoma  was  highest 
for  officers  (20.0%),  then  enlisted  flyers  (16.0%),  and  enlisted  groundcrew  (1 1.5%).  The  significant 
association  between  nonmelanoma  and  skin  color  (p=0.003)  displayed  more  nonmelanoma  for 
participants  with  peach-colored  skin  than  for  participants  with  non-peach-colored  skin  (17.1%  vs.  1 1,2%). 
The  association  between  nonmelanoma  and  hair  color  was  significant  (p=0.016).  Those  participants  with 
lighter  hair  colors  exhibited  more  nonmelanomas  (18.7%)  compared  to  those  with  darker  hair  colors 
(14.4%).  A  significant  association  between  nonmelanoma  and  eye  color  showed  a  smaller  percentage  of 
nonmelanoma  in  participants  with  brown  eyes  (p=0.039). 

Both  skin  reaction  to  sun  covariates  were  significant  (pcO.OOl  for  both  covariates)  and  showed  more 
nonmelanomas  as  the  skin  sensitivity  to  sun  increased.  The  composite  skin-reaction  index  association 
with  nonmelanoma  also  was  significant  (pcO.OOl).  Nonmelanoma  increased  as  the  reaction  to  sun 
increased.  Nonmelanomas  were  significantly  greater  for  participants  who  had  lived  in  more  southerly 
latitudes  (pcO.OOl). 
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A  significant  association  between  melanoma  and  average  lifetime  residential  history  was  observed 
(p=0.008).  Melanoma  was  significantly  greater  for  participants  who  had  lived  in  more  northerly  latitudes. 

Tests  of  covariate  association  for  any  systemic  neoplasm  were  significant  for  age  (pcO.OOl),  occupation 
(p=0.008),  and  herbicide  exposure  (p=0.003).  A  history  of  systemic  neoplasms  was  higher  for  older 
participants  (37.2%)  than  for  younger  participants  (21.8%).  Officers  displayed  the  largest  occurrence  of  a 
systemic  neoplasm  (33.9%),  followed  by  enlisted  flyers  (31.1%),  then  enlisted  groundcrew  (27.1%).  In 
addition,  participants  reporting  exposure  to  herbicides  exhibited  more  systemic  neoplasms  (32.7%) 
compared  to  those  who  did  not  report  exposure  to  herbicides  (26.4%). 

Several  covariates  displayed  a  significant  association  with  malignant  systemic  neoplasms.  Age  was 
significant  (pcO.OOl),  with  older  participants  showing  more  malignant  systemic  neoplasms  (10.2%)  than 
younger  participants  (2.4%).  A  significant  association  between  malignant  systemic  neoplasms  and 
occupation  was  found  (p<0.001),  with  the  largest  occurrence  in  officers  (8.6%)  and  enlisted  flyers  (8.6%), 
followed  by  enlisted  groundcrew  (4.4%).  The  association  with  ionizing  radiation  exposure  also  was 
significant  (p=0.004).  For  participants  who  had  reported  exposure  to  ionizing  radiation,  9.5  percent  had  a 
malignant  systemic  neoplasm  compared  to  5.8  percent  of  participants  who  had  not  reported  exposure. 

The  association  between  malignant  systemic  neoplasms  and  herbicide  exposure  was  significant 
(p=0.004).  Participants  who  had  reported  being  exposed  to  herbicides  had  more  malignant  systemic 
neoplasms  (8.0%)  than  participants  who  had  not  reported  being  exposed  (4.6%).  Lifetime  cigarette 
smoking  history  also  was  associated  significantly  with  malignant  systemic  neoplasms  (p<0.001). 
Participants  who  had  smoked  the  heaviest  (in  terms  of  pack-years)  had  more  malignant  systemic 
neoplasms. 

Benign  systemic  neoplasms  displayed  significant  associations  with  age  (pcO.OOl)  and  herbicide  exposure 
(p=0.045).  Older  participants  exhibited  more  benign  systemic  neoplasms  (28.9%)  than  did  younger 
participants  (19.2%).  A  greater  percentage  of  participants  who  had  reported  being  exposed  to  herbicides 
had  more  benign  systemic  neoplasms  (26.1%)  than  those  participants  who  had  not  reported  exposure  to 
herbicides  (22.1%). 

Covariate  association  tests  with  systemic  neoplasms  of  uncertain  behavior  or  unspecified  nature  revealed 
a  significant  result  for  occupation  (p=0.031).  Officers  displayed  the  most  systemic  neoplasms  of 
uncertain  behavior  or  unspecified  nature  (2.9%),  followed  by  enlisted  groundcrew  (1.5%),  then  enlisted 
flyers  (0.9%). 

A  significant  association  between  age  and  a  malignant  systemic  neoplasm  of  the  eye,  ear,  face,  head,  or 
neck  was  found  (p=0.035).  Older  participants  had  more  malignant  systemic  neoplasms  of  the  eye,  ear, 
face,  head,  or  neck  (1.4%)  than  did  younger  participants  (0.4%). 

Tests  of  covariate  association  for  malignant  systemic  neoplasms  of  the  oral  cavity,  pharynx,  and  larynx 
were  significant  for  age  (p=0.041).  Older  participants  displayed  more  malignant  systemic  neoplasms  of 
the  oral  cavity,  pharynx,  and  larynx  (0.9%)  than  did  younger  participants  (0.1%). 

Malignant  systemic  neoplasms  of  the  bronchus  and  lung  were  associated  significantly  with  lifetime 
cigarette  smoking  history  (pcO.OOl).  Only  participants  who  had  smoked  the  most  (>10  pack-years) 
showed  a  malignant  systemic  neoplasm  of  the  bronchus  or  lung  (1.4%). 

Several  significant  results  were  revealed  from  the  covariate  association  tests  conducted  for  malignant 
systemic  neoplasms  of  the  kidney  and  bladder.  A  significant  association  with  age  (p=0.014)  showed 
more  malignant  systemic  neoplasms  of  the  kidney  or  bladder  in  older  participants  (1.3%)  than  in  younger 
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participants  (0.2%).  The  association  with  lifetime  cigarette  smoking  history  was  significant  (p<0.001). 
Malignant  systemic  neoplasms  of  the  kidney  or  bladder  increased  with  smoking.  The  association  with 
lifetime  alcohol  history  also  was  significant  (p<0.001).  The  greatest  percentage  of  participants  with 
malignant  systemic  neoplasms  of  the  kidney  or  bladder  was  for  non-drinkers  (3.4%). 

Tests  of  covariate  association  for  malignant  systemic  neoplasms  of  the  prostate  revealed  several 
significant  results.  Older  participants  had  significantly  more  (p<0.001)  malignant  systemic  neoplasms  of 
the  prostate  (5.3%)  than  did  younger  participants  (0.2%).  A  significant  association  with  occupation 
(p=0.002)  revealed  more  malignant  systemic  neoplasms  of  the  prostate  in  officers  (4.6%),  followed  by 
enlisted  flyers  (3.3%),  then  enlisted  groundcrew  (1.7%).  A  significant  result  also  was  found  with  ionizing 
radiation  exposure  (p=0.044).  For  participants  reporting  exposure  to  ionizing  radiation,  4.5  percent  had  a 
malignant  systemic  neoplasm  of  the  prostate,  compared  to  2.6  percent  who  did  not  report  exposure. 
Results  also  were  significant  for  the  tests  of  association  with  herbicide  exposure  (p=0.035).  The 
percentage  of  participants  reporting  exposure  to  herbicides  with  malignant  systemic  neoplasms  was  3.7 
percent,  compared  to  2.0  percent  who  did  not  report  exposure  to  herbicides.  Lifetime  cigarette  smoking 
history  showed  a  significant  association  with  malignant  systemic  neoplasms  of  the  prostate  (p=0.017). 

The  greatest  occurrence  of  malignant  systemic  neoplasms  of  the  prostate  was  for  participants  who  had 
smoked  the  most  (4.1%). 

Covariate  association  tests  conducted  for  all  malignant  skin  and  systemic  neoplasms  and  all  skin  and 
systemic  neoplasms  were  similar.  Age,  race,  and  occupation  each  were  significant  for  both  variables 
(p<0.001  for  each  test).  Older  participants  showed  more  neoplasms  for  both  variables  than  did  younger 
participants.  Skin  and  systemic  neoplasms  occurred  more  often  in  non-Blacks  than  in  Blacks.  Officers 
showed  more  skin  and  systemic  neoplasms  than  did  enlisted  flyers  and  enlisted  groundcrew.  Skin  color 
was  associated  significantly  with  both  dependent  variables  (p<0.001  for  each).  Participants  with  peach- 
colored  skin  had  more  skin  and  systemic  neoplasms  than  did  participants  with  non-peach-colored  skin. 
The  association  between  hair  color  and  all  malignant  skin  and  systemic  neoplasms  was  significant 
(p<0.001).  Participants  who  had  lighter  hair  colors  had  more  malignant  skin  or  systemic  neoplasms.  Eye 
color  associations  for  both  variables  were  each  significant  (p<0.001  for  both  tests).  Participants  with 
brown  eyes  showed  the  smallest  occurrence  of  a  skin  or  systemic  neoplasm. 

Significant  associations  with  all  malignant  skin  and  systemic  neoplasms  and  all  skin  and  systemic 
neoplasms  also  were  found  for  both  skin  reaction  to  sun  and  the  composite  skin-reaction  index  covariates 
(p<0.02  for  all  tests).  Skin  or  systemic  neoplasms  increased  as  skin  sensitivity  to  the  sun  increased.  A 
significant  association  also  was  found  for  all  malignant  skin  and  systemic  neoplasms  with  the  average 
lifetime  residential  history  covariate  (p<0.001).  Malignant  skin  or  systemic  neoplasms  occurred  more 
often  for  participants  who  lived  in  more  southerly  latitudes.  The  ionizing  radiation  exposure  and 
herbicide  exposure  covariate  tests  were  each  significant  for  both  variables  (p<0.02  for  all  tests). 
Participants  reporting  exposure  to  either  ionizing  radiation  or  herbicides  displayed  more  skin  and 
systemic  neoplasms  (both  malignant  systemic  neoplasms  and  all  systemic  neoplasms  combined)  than  did 
participants  who  did  not  report  exposure. 

Covariate  association  tests  for  both  the  continuous  and  discrete  forms  of  PSA  were  significant  for  age 
(p<0.001  for  PSA  in  both  discrete  and  continuous  forms)  and  occupation  (p<0.001,  continuous,  and 
p=0.014,  discrete).  PSA  levels  and  the  proportion  of  participants  with  high  PSA  levels  increased  with 
age.  Enlisted  groundcrew  showed  the  lowest  average  levels  of  PSA  and  the  lowest  percentage  of 
participants  with  high  PSA  levels. 
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10.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analysis  of  the  dependent  variables  shown  in  Table 
10-1.  Dependent  variables  were  derived  from  a  medical  records  review  and  verification  and  a  laboratory 
measurement  of  PSA  at  the  1997  follow-up  examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  10-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  Table  2-8  and  previous 
reports,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (80). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

Some  participants  had  multiple  neoplasms,  and  a  participant  may  be  represented  in  more  than  one  table; 
therefore,  totals  added  across  tables  may  not  agree.  For  example,  496  of  the  2,121  participants  in  this 
study  (29.8%)  had  at  least  two  neoplasms  and  94  (10.8%)  had  at  least  two  malignant  neoplasms. 
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1 0. 2.2 . 1  Medical  Records  Review 

10.2.2.1.1  Skin  Neoplasms  (All  Sites  Combined ) 

Significant  group  differences  were  found  for  all  occupations  combined  and  within  the  officer  and  enlisted 
flyer  occupational  strata  in  both  the  Model  1  unadjusted  and  adjusted  analyses  of  a  history  of  skin 
neoplasms  (Table  10-3(a,b):  Est.  RR=1.29,  p=0.007;  Adj.  RR=1.32,  p=0.005,  for  all  occupations; 

Est.  RR=1.36,  p=0.034;  Adj.  RR=1.38,  p=0.030,  for  officers;  and  Est.  RR=1.64,  p=0.040;  Adj.  RR=1.66, 
p=0.040,  for  enlisted  flyers).  Each  contrast  displayed  more  Ranch  Hands  than  Comparisons  with  skin 
neoplasms.  Results  were  nonsignificant  for  the  enlisted  groundcrew  contrasts  (p>0.33  for  both  the 
unadjusted  and  adjusted  analyses). 


Table  10-3.  Analysis  of  Skin  Neoplasms 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category.  ! 

IpiilliltBiiji 

Ug  ‘^Number  (%)  l 
;  Yes  ’’ 

Es£  Relative  Risk/  j§|i 

ShMUB!  it! 

p- Value 

All 

Ranch  Hand 

805 

325  (40.4) 

1.29  (1.07,1.55) 

0.007 

Comparison 

1,168 

402  (34.4) 

Officer 

Ranch  Hand 

329 

150  (45.6) 

1.36(1.02,1.81) 

0.034 

Comparison 

480 

183  (38.1) 

Enlisted  Flyer 

Ranch  Hand 

140 

56  (40.0) 

1.64(1.02,2.63) 

0.040 

Comparison 

173 

50  (28.9) 

Enlisted 

Ranch  Hand 

336 

119(35.4) 

1.12(0.84,1.50) 

0.433 

Groundcrew 

Comparison 

515 

169  (32.8) 

(b)  MODEL  l: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

filSillfi 

iSIMlKHIiSI 

:  Ac 

^listed  Relative  Risk 

|l|||  Occupational  Category  >§  | 

(95%  C.I.)  . 

All 

1.32  (1.09,1.60) 

0.005 

Officer 

1.38(1.03,1.85) 

0.030 

Enlisted  Flyer 

1.66(1.02,2.69) 

Enlisted  Groundcrew 

1.16(0.86,1.56) 

0.339 

(c)  MODEL  2;  RANCH  HANDS  - INITIAL  DIQXIN- UNADJUSTED 

f  i  f/l  1  Initial  Dioxin  Category  Summary  Statistics  |M|  gj 

Iff  t>  1  ||lf|  §t§f||l  Number i%)  Zlv  f 

|j*|  EstimatedRelativeRisk  $  'tP |l 

l05rl  C.l.i*  |i- Value  v  - 

Low  138  63  (45.7) 

Medium  150  64  (42.7) 

High  151  42(27.8) 

0.78  (0.67,0.91)  0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-3.  Analysis  of  Skin  Neoplasms  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

n  (95%  CA)8  p- Value 

_ 439 _ 0.81  (0.68,0.98) _  0.028 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%) 

Est.  Relative  Risk 

Yes 

(95%CA)8b  ; 

p§|  1  j||  p-Valu^ |  f 

Comparison 

1,133 

389  (34.3) 

Background  RH 

359 

155  (43.2) 

1.49(1.17,1.90) 

0.001 

Low  RH 

210 

94  (44.8) 

1.54(1.14,2.07) 

0.005 

High  RH 

229 

75  (32.8) 

0.91  (0.67,1.23) 

0.546 

Low  plus  High  RH 

439 

169  (38.5) 

1.17(0.93,1.47) 

0.183 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


if)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY 

jJ'T  •  «  <<  * 

Comparison 

1,131 

Background  RH 

358 

1.46(1.13,1.88) 

0.004 

Low  RH 

210 

1.49(1.10,2.04) 

0.011 

High  RH 

229 

1.05  (0.76,1.45) 

0.747 

Low  plus  High  RH 

439 

1.25  (0.98,1.58) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-3.  Analysis  of  Skin  Neoplasms  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  !)  >',  1 f J 

1987  Number  (%) 

Dioxin  n  Yes 

fj  Estimated  Relative  Risk  |  I  |ftf§f  |j|l  Jjf  :|jj| if  J| 

(95%  C.I.)a  p- Value 

Low  273  114(41.8) 

Medium  256  120  (46.9) 

High  269  90  (33.5) 

0.88  (0.80,0.97)  0.012 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


wmmmmmMmm:  dioxin  ^adjosted; 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

v?  '|;T 

(95%  C.I.)a 


p-Value 


797 


0.92  (0.82,1.03) 


0.147 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Results  from  both  the  unadjusted  and  adjusted  Model  2  analyses  indicated  a  significant  inverse  relation 
between  initial  dioxin  and  skin  neoplasms  (Table  10-3(c,d):  Est.  RR=0.78,  p=0.001;  Adj.  RR=0.81, 
p=0.028,  respectively).  As  initial  dioxin  in  Ranch  Hands  increased,  the  occurrence  of  skin  neoplasms 
decreased. 

The  Model  3  analyses  contrasting  Ranch  Hands  in  both  the  background  dioxin  category  and  low  dioxin 
category  with  Comparisons  displayed  significant  results  in  the  unadjusted  and  adjusted  analyses  of  skin 
neoplasms  (Table  10-3(e,f):  Est.  RR=1.49,  p=0.001;  Adj.  RR=1.46,  p=0.004;  and  Est.  RR=1.54, 
p=0.005;  Adj.  RR=1.49,  p=0.01 1,  respectively).  A  marginally  significant  difference  between  Ranch 
Hands  in  the  low  plus  high  dioxin  category  and  Comparisons  was  revealed  in  the  adjusted  analysis  of  skin 
neoplasms  (Table  10-3(f):  Adj.  RR=1.25,  p=0.073).  Each  contrast  displayed  more  Ranch  Hands  than 
Comparisons  with  skin  neoplasms.  All  other  Model  3  contrasts  were  nonsignificant  (Table  10-3(e,f): 

p>0.18). 

The  Model  4  unadjusted  analysis  revealed  a  significant  inverse  relation  between  skin  neoplasms  and  1987 
dioxin  levels  (Table  10-3(g):  Est.  RR=0.88,  p=0.012).  After  adjustment  for  covariates,  the  association 
was  nonsignificant  (Table  10-3(h):  p=0.147). 


10.2.2.1.2  Malignant  Skin  Neoplasms 

The  Model  1  enlisted  flyer  contrast  revealed  a  marginally  significantly  higher  percentage  of  a  history  of 
malignant  skin  neoplasms  for  Ranch  Hands  than  for  Comparisons  in  both  the  unadjusted  and  adjusted 
analyses  (Table  10-4(a,b):  Est.  RR=1.79,  p=0.059;  Adj.  RR=1.86,  p=0.055,  respectively).  All  other 
Model  1  contrasts  were  nonsignificant  (Table  10-4(a,b):  p>0.16). 
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Table  10-4.  Analysis  of  Malignant  Skin  Neoplasms 

i(a>  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%)  ' 

Yes  . 

Est.  Relative  Risk  gj  | 
(95%  C.l.) 

p-Value 

All 

Ranch  Hand 

805 

144(17.9 ) 

1.14(0.90,1.45) 

0.274 

Comparison 

1,168 

187(16.0) 

Officer 

Ranch  Hand 

329 

11  (23.4). 

1.24  (0.88,1.74) 

0.218 

Comparison 

480 

95  (19.8) 

Enlisted  Flyer 

Ranch  Hand 

140 

29  (20.7) 

1.79  (0.98,3.29) 

0.059 

Comparison 

173 

22  (12.7) 

Enlisted 

Ranch  Hand 

336 

38  (11.3) 

0.81  (0.53,1.24) 

0.329 

Groundcrew 

Comparison 

515 

70  (13.6) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

lilillillSiiilil!! 

ffli  Sp  m  i  tit 

i  (95%  C.I.) 

;  p-Value 

All 

1.19  (0.93,1.54) 

0.175 

Officer 

1.29  (0.90,1.85) 

0.161 

Enlisted  Ryer 

1.86  (0.99,3.51) 

0.055 

Enlisted  Groundcrew 

0.86  (0.56,1.34) 

0.509 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

\v-.  O- .t.  if  ij  ij  r.i  nV-s6  c.vi.  #2»jj  1 

III |  1  ;|S|  1 

Initial  Number  (%) 

■  Dioxin  n  Yes 

Estimated  Relative  Risk 
.  :  ,  (95%  C.r.)b  p-Value 

Low  138  31  (22.5) 

Medium  150  30(20.0) 

High  151  18(11.9) 

0.79  (0.64,0.96)  0.015 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d>  MODEL  2: 

RANCH  EtofDS  -  INITIAJL  DIOXIN  -  ADJUSTED  |  M 1 1 

/li)  Analy^  Rteults  jr6rLog2  (Initial  Dioxin)  4' 

iiii!iii!8!!®ISill8li!!!lil!ll 

4 

(95%.CX)a 

439 

0.87  (0.68,1.12) 

0.287 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  10-4.  Analysis  of  Malignant  Skin  Neoplasms  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

Yes 

Est  Relative  Risk 
I'lj'rai* 

p-Value 

Comparison 

1,133 

179  (15.8) 

Background  RH 

359 

65  (18.1) 

1.21  (0.88,1.66) 

0.237 

Low  RH 

210 

47  (22.4) 

1.52(1.06,2.19) 

0.023 

High  RH 

229 

32  (14.0) 

0.84  (0.56,1.27) 

0.417 

Low  plus  High  RH 

439 

79  (18.0) 

1.12(0.83,1.51) 

0.457 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Ad[jiisted'  Relative  -Risk'  ;JUiJ|||| 

n 

(95%  C.I.)a 

Comparison 

1,131 

Background  RH 

358 

1.13(0.81,1.58) 

0.476 

Low  RH 

210 

1.45  (0.98,2.14) 

0.062 

High  RH 

229 

1.19(0.76,1.85) 

0.453 

Low  plus  High  RH 

439 

1.30(0.95,1.80) 

0.104 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN -  UNADJUSTED 

HP  15 

liiMKI  miHlBBIIB  Hlfr^Yes 

Low  273  48  (17.6) 

Medium  256  56  (21.9) 

High  269  40(14.9) 

0.92  (0.81,1.04)  0.187 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  10-4.  Analysis  of  Malignant  Skin  Neoplasms  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  -f  1) 
Adjusted  Relative  Risk 
(95%CX)a 


111 


p- Value 


797 


1.06  (0.91,1.25) 


0.447 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  significant  inverse  relation  between  initial  dioxin  levels  and  malignant  skin  neoplasms  was  revealed  in 
the  Model  2  unadjusted  analysis  (Table  10-4(c):  Est.  RR=0.79,  p=0.015).  Results  were  nonsignificant 
after  adjustment  for  covariates  (Table  10-4(d):  p=0.287). 

The  Model  3  unadjusted  analysis  showed  significantly  more  Ranch  Hands  in  the  low  dioxin  category  with 
malignant  skin  neoplasms  than  Comparisons  (Table  10-4(e):  Est.  RR=1.52,  p=0.023).  After  adjustment 
for  covariates,  the  result  was  marginally  significant  (Table  10-4(f):  Adj.  RR=1.45,  p=0.062).  All  other 
Model  3  contrasts  and  the  Model  4  analysis  results  were  nonsignificant  (Table  10-4(e-h):  p>0.10). 


10.2.2.1.3  Benign  Skin  Neoplasms 

The  Model  1  unadjusted  analysis  showed  a  significant  difference  in  the  history  of  benign  skin  neoplasms 
between  Ranch  Hands  and  Comparisons  when  examined  across  all  occupations  and  within  the  officer 
stratum  (Table  10-5(a):  Est.  RR=1.31;  p=0.010;  Est.  RR=1.42,  p=0.031,  respectively).  Both  contrasts 
displayed  more  Ranch  Hands  than  Comparisons  with  benign  skin  neoplasms.  Results  were  also 
significant  in  the  adjusted  analysis  (Table  10-5(b):  Adj.  RR=1.31,  p=0.01 1;  Adj.  RR=1.41,  p=0.035, 
respectively).  All  other  Model  1  contrasts  were  nonsignificant  (Table  10-5(a,b):  p>0.22). 


Table  10-5.  Analysis  of  Benign  Skin  Neoplasms 


(a)M0DELl: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

1 1  Occupational  | 

!lf§  i 

n 

Number  (%) 

Yes 

|  Rst  Relative  Risk  f:'j 
m  f  I  (95%  CX)  If; Uf 

Sfli  BilillliR  fill 

All 

Ranch  Hand 

860 

225(26.2) 

1.31  (1.07,1.61) 

0.010 

Comparison 

1,240 

264(21.3) 

Officer 

Ranch  Hand 

336 

96  (28.6) 

1.42(1.03,1.96) 

0.031 

Comparison 

487 

107  (22.0) 

Enlisted  Flyer 

Ranch  Hand 

150 

34  (22.7) 

1.40  (0.82,2.40) 

0.220 

Comparison 

185 

32  (17.3) 

Enlisted 

Ranch  Hand 

374 

95  (25.4) 

1.21  (0.89,1.64) 

0.229 

Groundcrew 

Comparison 

568 

125  (22.0) 
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Table  10-5.  Analysis  of  Benign  Skin  Neoplasms  (Continued) 


(b)  MODEL  1:  RANCM  HAMJS  VS;  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

1.31  (1.07,1.61) 

0.011 

Officer 

1.41  (1.02,1.95) 

0.035 

Enlisted  Flyer 

1.41  (0.82,2.43) 

0.220 

Enlisted  Groundcrew 

1.20  (0.88,1.63) 

0.257 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN- UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

1 1  Analysis  Results  for  Log2  (Initial  Dioxin)*  |J|§f§ 

Dioxin  n  Yes 

(95%  C.I.)b  ■  ■  ;■  p-Value 

Low  154  42  (27.3) 

Medium  161  40(24.8) 

High  160  27(16.9) 

0.82  (0.69,0.98)  0.022 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

_ _  '  P*  Value 

_ 475 _ 0.79  (0.64,0.97) _  0.020 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


j  1 1  Dioxin  Category  §|§f§ 

Number  (%) 

Yes  ■  v:/' 

'  Est.  Relative.  RisR !f_  Iff f 
(95%  CX)*6  ||  Uf 

HS--.P^Yialiie 

Comparison 

1,202 

258  (21.5) 

Background  RH 

378 

115  (30.4) 

1.64(1.26,2.13) 

<0.001 

Low  RH 

233 

58  (24.9) 

1.21  (0.87,1.67) 

0.261 

High  RH 

242 

51  (21.1) 

0.96  (0.68,1.34) 

0.802 

Low  plus  High  RH 

475 

109  (23.0) 

1.07  (0.83,1.38) 

0.592 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-5.  Analysis  of  Benign  Skin  Neoplasms  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

n 

(95%  C.I.)a 

p-Value 

Comparison 

1,200 

Background  RH 

377 

1.64(1.25,2.15) 

<0.001 

Low  RH 

233 

1.21(0.87,1.69) 

0.265 

High  RH 

242 

0.95  (0.67,1.36) 

0.798 

Low  plus  High  RH 

475 

1.07(0.82,1.39) 

0.603 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  UNADJUSTED 

*  |  Analysis  Results  for  Log*  (1987  Dioxin ;+  :I)  |f§  ||j  || 

/  1987  Number  (%) 

Dioxin  n  Yes 

(95%  C.I.)a  .  -  .  p-Value  • 

Low  286  87  (30.4) 

Medium  280  79  (28.2) 

High  287  58  (20.2) 

0.85  (0.77,0.95)  0.003 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


g§|  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  A^JIJST^D  ®f§| 

HI 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

n  •  (95%  C.I.)* 

§181 

p-Value 

852  0.84  (0.74,0.95) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Both  the  unadjusted  and  adjusted  Model  2  analyses  displayed  a  significant  inverse  association  between 
initial  dioxin  and  benign  skin  neoplasms  (Table  10-5(c,d):  Est.  RR=0.82;  p=0.022;  Adj.  RR=0.79, 
p=0.020,  respectively).  As  initial  dioxin  in  Ranch  Hands  increased,  benign  skin  neoplasms  decreased. 

Significant  results  from  the  Model  3  unadjusted  and  adjusted  analyses  revealed  more  benign  skin 
neoplasms  for  Ranch  Hands  in  the  background  dioxin  category  than  for  Comparisons  (Table  10~5(e,f): 
Est.  RR=1.64,  p<0.001;  Adj.  RR=1.64,  p<0.001,  respectively).  All  other  Model  3  contrasts  were 
nonsignificant  (Table  10-5(e,f):  p>0.26). 
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Results  from  the  Model  4  analysis  of  benign  skin  neoplasms  were  similar  in  both  the  unadjusted  and 
adjusted  analyses.  A  significant  inverse  association  was  found  between  1987  dioxin  and  benign  skin 
neoplasms  (Table  10-5(g,h):  Est.  RR=0.85,  p=0.003;  Adj.  RR=0.84,  p=0.005,  respectively). 


10.2.2.1.4  Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

All  results  from  the  Model  1  through  4  analyses  of  skin  neoplasms  of  uncertain  behavior  or  unspecified 
nature  were  nonsignificant  (Table  10-6(a-h):  p>0.1 1  for  each  analysis). 


Table  10-6.  Analysis  of  Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

n  ;; 

H|  Number  (%) 

ll!!ii;|!!SI 

1 §  Est.  Relative  Risk  /  J, 
:  (95%  C.I.)  ;  V 

tfflmm  ns ! 

All 

Ranch  Hand 

805 

7(0.9) 

1.27(0.46,3.52) 

0.645 

Comparison 

1,168 

8(0.7) 

Officer 

Ranch  Hand 

329 

0  (0.0) 

— 

0.397a 

Comparison 

480 

Enlisted  Flyer 

Ranch  Hand 

140 

0  (0.0) 

— 

0.999a 

Comparison 

173 

1  (0.6) 

Enlisted 

Ranch  Hand 

336 

7  (2.1) 

2.72  (0.79,9.36) 

0.113 

Groundcrew 

Comparison 

515 

4  (0.8) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  skin  neoplasm  of  uncertain  behavior  or  unspecified  nature. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  skin  neoplasm  of  uncertain  behavior 
or  unspecified  nature. 


(b)  MODEL  JJ  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Adjusted  Relative  Risk 


St§§  ‘  ||  |  jj  11 

(95  %  C.I.) 

AU 

1.18  (0.42,3.36) 

0.755 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

2.57  (0.73,9.10) 

0.144 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  skin  neoplasm  of  uncertain  behavior 
or  unspecified  nature. 

Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  repeated  exposure  because  of  the  sparse  number  of 
Ranch  Hands  with  a  skin  neoplasm  of  uncertain  behavior  or  unspecified  nature. 
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Table  10-6.  Analysis  of  Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

«  f  ,  Initial  Dioxin  Category  Summary  Statistics  .  s 

1 1|  Analysis  Results  for  Log2  (Initial  Dioxin)a  |  f  | 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Eg— 

0.87  (0.44,1.75)  0.696 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


lililiPBi 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

^  ^  w.* An^tis  Rcsults  farLogi  (Initial  Dioxin); 

Adjusted  Relative  Risk 

(95%  CX)* 

439 

0.88  (0.42,1.85) 

0.732 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  occupation,  skin  color,  eye  color,  skin  reaction  to  sun  after  first  exposure,  skin 
reaction  to  sun  after  repeated  exposure,  composite  skin-reaction  index,  and  industrial  chemicals  exposure  because  of 
the  sparse  number  of  Ranch  Hands  with  a  skin  neoplasm  of  uncertain  behavior  or  unspecified  nature. 


■(e)  MODEL  3:  RANCH  HANDS  AND  C 

OMPARISONS  ffi 

SDIOXIN  CATEGORY 

||p||||p^p|||jjl 

Number  (%) 

Est  Relative  Risk 

?  !g|  Dioxin  Category  § 1|| 

y 

(95%  C.I.)"b 

p-Value 

Comparison 

1,133 

8(0.7) 

Background  RH 

359 

2  (0.6) 

0.80  (0.17,3.80) 

0.777 

Low  RH 

210 

3  (1.4) 

2.03  (0.53,7.72) 

0.300 

High  RH 

229 

2  (0.9) 

1.22  (0.26,5.84) 

0.800 

Low  plus  High  RH 

439 

5(1.1) 

1.56  (0.49,4.91) 

0.449 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-6.  Analysis  of  Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 
(Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

; V  -  (95%c,L)a  H  . 

||  1 1  p-Value 

Comparison 

1,131 

Background  RH 

358 

0.92  (0.18,4.75) 

Low  RH 

210 

1.91  (0.47,7.69) 

0.363 

High  RH 

229 

0.89  (0.18,4.41) 

Low  plus  High  RH 

439 

1.28  (0.40,4.14) 

0.675 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  skin  reaction  to  sun  after  repeated  exposure  because  of  the  sparse  number  of 
participants  with  a  skin  neoplasm  of  uncertain  behavior  or  unspecified  nature. 


(g)  MODEL 4r  RANCH  HANDS  -1987  DIOXIN- UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

*  |  ^  Analysis  Results  f< 

jr  Log,  (1987  Dioxin  + 1) 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

p-Value 

Low  273  1  (0.4) 

Medium  256  2  (0.8) 

High  269  4(1.5) 

1.16(0.72,1.86)  0.542 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS 

^19^MO^p^-^JlJSTED- 1 1 1  gJcQ:; 

Analysis  Results  for  Log2  (1987  Dioxin  + 

^  't  J?  ^Adjusted  Relative  Risk  'f  1  _ 

he ...  m 

798 

1.11  (0.69,1.81) 

0.664 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation,  skin  color,  eye  color,  skin  reaction  to  sun  after  first  exposure,  skin 
reaction  to  sun  after  repeated  exposure,  composite  skin-reaction  index,  and  industrial  chemicals  exposure  because  of 
the  sparse  number  of  Ranch  Hands  with  a  skin  neoplasm  of  uncertain  behavior  or  unspecified  nature. 
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10.2.2.1.5  Basal  Cell  Carcinoma  (All  Sites  Combined) 

The  difference  in  the  history  of  any  basal  cell  carcinoma  within  the  enlisted  flyer  stratum  was  marginally 
significant  and  higher  for  Ranch  Hands  than  for  Comparisons  in  the  Model  1  unadjusted  analysis  (Table 
10-7(a,b):  Est.  RR=1.85,  p=0.060).  The  result  was  significant  after  covariate  adjustment  (Table  10-7(b): 
Adj.  RR=1.97,  p=0.046).  All  other  Model  1  contrasts  were  nonsignificant  (Table  10-7(a,b):  p>0.12). 


Table  10-7.  Analysis  of  Basal  Cell  Carcinoma  (All  Sites  Combined) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


WiBWIiifew® 

Number  (%) 

Yes 

Est  Relative  Risk  §§ff 
(95%  C.I.) 

p- Value 

AU 

Ranch  Hand 

805 

121  (15.0) 

1.16  ( 0.89,1.49 ) 

0.269 

Comparison 

1,168 

155  (13.3) 

Officer 

Ranch  Hand 

329 

67  (20.4) 

1.28  (0.89,1.83) 

0.181 

Comparison 

480 

80(16.7) 

Enlisted  Flyer 

Ranch  Hand 

140 

26(18.6) 

1.85  (0.98,3.50) 

0.060 

Comparison 

173 

19(11.0) 

Enlisted 

Ranch  Hand 

336 

28  (8.3) 

0.75  (0.46,1.20) 

0.226 

Groundcrew 

Comparison 

515 

56(10.9) 

(l>)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

pp|f|  |  A^usiied^Relative  Risk  <|^;'|,|' 

RnnuH 

(95%  CX) 

All 

1.21  (0.92,1.59) 

0.169 

Officer 

1.34  (0.92,1.96) 

0.129 

Enlisted  Flyer 

1.97(1.01,3.85) 

0.046 

Enlisted  Groundcrew 

0.80  (0.49,1.30) 

0.363 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)*  ’  f  '  s] 

%  ” !  Initial  *  ■*  f  j  J^g  f  Number  ( %) 0^ f  <  • 

Dioxin  |j§||  ’  |Jg|||g  |fjgl 

EstimatedRelativeEisk  \ 

'  ;  (95%  C.I.)b  V  p-Value 

Low  138  28  (20.3) 

Medium  150  27  (18.0) 

High  151  10  (6.6) 

0.67  (0.53,0.85)  <0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-7.  Analysis  of  Basal  Cell  Carcinoma  (All  Sites  Combined)  (Continued) 


..(d)  MODEL  2: 

RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

Sfljlll 

,  Analysis-  R^ults^fpr  Oipxfii) 

Adjusted  Relative  Risk 
•  (95%  C.I.)a  ' 

p- Value 

'--i  Bt '  N  ’ 

439 

0.70  (0.53,0.94) 

0.014 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

;  n  ' 

Yes  : 

p-Value 

Comparison 

1,133 

150  (13.2) 

Background  RH 

359 

56(15.6)  1.24(0.89,1.73) 

0.212 

Low  RH 

210 

42(20.0)  1.62(1.11,2.38) 

0.012 

High  RH 

229 

23(10.0)  0.72(0.45,1.14) 

0.160 

Low  plus  High  RH 

439 

65(14.8)  1.06(0.76,1.47) 

0.727 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

^MlODEE.3:)  JiANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Si'®  M :  1  Adjusted  Relative  Risk lilltllilf 

§  |  1  'f'Dipxin  Category  1 |§  p| 

'  (95%  C.I.)a  : 

Comparison 

1,131 

Background  RH 

358 

1.16(0.81,1.65) 

0.427 

Low  RH 

210 

1.59(1.06,2.39) 

0.026 

High  RH 

229 

0.99  (0.60,1.64) 

0.979 

Low  plus  High  RH 

439 

1.24(0.88,1.77) 

0.223 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


10-31 


Table  10-7.  Analysis  of  Basal  Cell  Carcinoma  (All  Sites  Combined)  (Continued) 


(g>  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

$uhimary;SltatKtics. ::  •  - 

fygj  |  Analysis  Results,  for  I/Og2  (1987  Dioxin  + 1)  -  , 

1987  Number  (%) 

Dioxin  n  Yes 

|  Estimated  Relative  Risk  -  ||  |  j  }||i||i  ||1||}| 

(95%  C.I.)a  p-Value 

Low  273  42  (15.4) 

Medium  256  49(19.1) 

High  269  30(11.2) 

0.87  (0.76,0.99)  0.037 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

n  (95%C.I.)a  p-Value 

_ 797 _ 0.99  (0.83,1.18) _ 0.924 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


An  inverse  association  between  initial  dioxin  and  any  basal  cell  carcinoma  was  significant  in  both  the 
unadjusted  and  adjusted  Model  2  analyses  (Table  10-7(c,d):  Est.  RR=0.67,  p<0.001;  Adj.  RR=0.70, 
p=0.014,  respectively).  As  initial  dioxin  in  Ranch  Hands  increased,  the  percentage  of  participants  with  a 
basal  cell  carcinoma  decreased. 

Ranch  Hands  in  the  low  dioxin  category  exhibited  more  basal  cell  carcinomas  than  did  Comparisons  in 
both  the  unadjusted  and  adjusted  Model  3  analyses  (Table  10-7(e,f):  Est.  RR=1.62,  p=0.012; 

Adj.  RR=1.59,  p=0.026,  respectively).  All  other  Model  3  contrasts  were  nonsignificant  (Table  10-7(e,f): 

p>0.16). 

The  Model  4  unadjusted  analysis  revealed  a  significant  inverse  association  between  any  basal  cell 
carcinoma  and  1987  dioxin  levels  (Table  10-7(g):  Est.  RR=0.87,  p=0.037).  After  adjustment  for 
covariates,  the  association  was  nonsignificant  (Table  10-7(h):  p=0.924). 


10.2.2.  L6  Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

The  Model  1  adjusted  analysis  revealed  a  marginally  significant  result  within  the  enlisted  flyer  stratum, 
indicating  more  basal  cell  carcinomas  of  the  ear,  face,  head,  and  neck  in  Ranch  Hands  than  in 
Comparisons  (Table  10-8(b):  Adj.  RR=1.83,  p=0.097).  All  other  Model  1  contrasts  were  nonsignificant 
(Table  10-8(a,b):  p>0.12). 
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Table  10-8.  Analysis  of  Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

vlSvM1  ** 

Number  (%) 

Yes 

Ifll ;  Esti  R^Eitivti  Risk  1 Jf |fj 

^(l^cjL)  '/  *  ■ ‘ 

MJffl  p- Value 

All 

Ranch  Hand 

805 

93(11.6) 

1.14(0.86,1.52 ) 

0.370 

Comparison 

1,168 

120  (10.3) 

Officer 

Ranch  Hand 

329 

49  (14.9) 

1.23  (0.82,1.84) 

0.328 

Comparison 

480 

60  (12.5) 

Enlisted  Flyer 

Ranch  Hand 

140 

22  (15.7) 

1.71  (0.87,3.37) 

0.120 

Comparison 

173 

17  (9.8) 

Enlisted 

Ranch  Hand 

336 

22  (6.6) 

0.77  (0.45,1.31) 

0.334 

Groundcrew 

Comparison 

515 

43  (8.4) 

(b)  MODEL  1: 

HANDS  VS.  CQMPARISQNS  -  AD JUSTED  ||  Hp  Jfl  |  | 

Adjusted  Relative  Risk 

Occupational  Category 

(95  %  C.I.) 

p- Value 

All 

1.20(0.89,1.62) 

0.242 

Officer 

1.29  (0.84,1.97) 

0.244 

Enlisted  Flyer 

1.83  (0.90,3.72) 

0.097 

Enlisted  Groundcrew 

0.84  (0.48,1.45) 

0.527 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1  v?!;.’  ‘C'v&Jtr.  i 

Analysis  Results  for  Log2  (Initial  Dioxin)8  j  J 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  138  21  (15.2) 

Medium  150  24  (16.0) 

High  151  5  (3.3) 

0.63  (0.48,0.83)  <0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


;RANOi  WSSSSBSS^^  ADJUSTED 

■  'n 

AnaJysjs  Results  for  Log2  (Initial  Dioxin) 

(95%  C.I.)a 

439 

0.62  (0.44,0.87) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  10-8.  Analysis  of  Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED  J|j|l 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

*§'g  ,.'n  ,  '  f  £  | 

Yes  (95%  €;I.)ab 

p-Value 

Comparison 

1,133 

115  (10.2) 

Background  RH 

359 

43(12.0)  1.21  (0.83,1.76) 

0.316 

Low  RH 

210 

33(15.7)  1.65(1.08,2.50) 

0.020 

High  RH 

229 

17  (7.4)  0.71  (0.41,1.20) 

0.199 

Low  plus  High  RH 

439 

50(11.4)  1.06(0.73,1.53) 

0.762 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  S:|l| 

Adjusted  Relative  Risk 

(95%  C.I.)a 

1  ,';j;|;pl^iue^|||f  pi|||{| 

Comparison 

1,131 

Background  RH 

358 

1.19(0.80,1.77) 

0.386 

Low  RH 

210 

1.54  (0.98,2.42) 

0.061 

High  RH 

229 

0.95  (0.54,1.67) 

0.846 

Low  plus  High  RH 

439 

1.19(0.80,1.77) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

Up Ig r  1987  Dioxin  CategorySummary  Statistics  S  |jfj§ 

RfcsoHs-  for': l^g^l^T.Dipxin; 

1987  Number  (%) 

Dioxin  n  Yes 

Low  273  32(11.7) 

Medium  256  37  (14.5) 

High  269  24  (8.9) 

0.84(0.72,0.98)  0.021 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-8.  Analysis  of  Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck)  ( Continued ) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 
(95%  CX)a  ; 


p-Value 


797 


0.89(0.74,1.09) 


0.257 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  significant  inverse  relation  between  initial  dioxin  and  basal  cell  carcinomas  of  the  ear,  face,  head,  and 
neck  was  found  in  both  the  Model  2  unadjusted  and  adjusted  analyses  (Table  10-8(c,d):  Est.  RR=0.63, 
p<0.001;  Adj.  RR=0.62,  p=0.003,  respectively).  As  initial  dioxin  in  Ranch  Hands  increased,  basal  cell 
carcinomas  of  the  ear,  face,  head,  and  neck  decreased. 

The  Model  3  unadjusted  analysis  indicated  more  basal  cell  carcinomas  of  the  ear,  face,  head,  and  neck  for 
Ranch  Hands  in  the  low  dioxin  category  than  for  Comparisons  (Table  10-8(e):  Est.  RR=1.65,  p=0.020). 
Results  were  marginally  significant  after  adjustment  for  covariates  (Table  10-8(f):  Adj.  RR=1.54, 
p=0.061).  All  other  Model  3  contrasts  were  nonsignificant  (Table  10-8  (e,f):  p>0.19). 

The  Model  4  unadjusted  analysis  displayed  a  significant  inverse  relation  between  1987  dioxin  levels  and 
basal  cell  carcinomas  of  the  ear,  face,  head,  and  neck  (Table  10-8(g):  Est.  RR=0.84,  p=0.021).  After 
adjustment  for  covariates,  the  result  was  nonsignificant  (Table  10-8(h):  p=0.257). 

10.2.2.1.7  Basal  Cell  Carcinoma  (Trunk) 

All  results  from  the  analyses  of  basal  cell  carcinoma  of  the  trunk  from  Models  1  through  3  and  from  the 
unadjusted  analysis  of  Model  4  were  nonsignificant  (Table  10-9(a-g):  p>0.10  for  each  analysis).  After 
adjustment  for  covariates  in  Model  4,  the  result  was  significant,  indicating  an  increase  in  basal  cell 
carcinomas  of  the  trunk  as  1987  dioxin  levels  increased  (Table  10-9(h):  Adj.  RR=1.51,  p=0.016). 


Table  10-9.  Analysis  of  Basal  Cell  Carcinoma  (Trunk) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 


|  f/tCategoiry  1 1 

|||J§  -i 

%  Est  Relative  Risk  | 

uss^iiai 

IliliiMliil# 

All 

Ranch  Hand 

805 

40  (5.0) 

1.25  (0.81,1.92) 

0.318 

Comparison 

1,168 

47(4.0) 

Officer 

Ranch  Hand 

329 

29  (8.8) 

1.50  (0.88,2.57) 

0.135 

Comparison 

480 

29  (6.0) 

Enlisted  Flyer 

Ranch  Hand 

140 

6(4.3) 

2.54  (0.62,10.33) 

0.194 

Comparison 

173 

3(1.7) 

Enlisted 

Ranch  Hand 

336 

5  (1.5) 

0.50  (0.18,1.40) 

0.188 

Groundcrew 

Comparison 

515 

15  (2.9) 
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Table  10-9.  Analysis  of  Basal  Cell  Carcinoma  (Trunk)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

(95%  C.I.) 

p-Value 

All 

1.24(0.79,1.94) 

0.357 

Officer 

1.47  (0.85,2.57) 

0.170 

Enlisted  Flyer 

2.47  (0.59,10.26) 

0.214 

Enlisted  Groundcrew 

0.52  (0.19,1.48) 

0.222 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

jftf  Analysis  Results  for  Log2  (Initial  Dioxin)®  g  j| p| 

Initial  Number  (%) 

Dioxin  n  Yes 

•••'.  Estimated  Relative  Risk  .  J  f ' 

(95%  C.I.)b  p- Value 

Low  138  9  (6.5) 

Medium  150  7  (4.7) 

High  151  6(4.0) 

0.79  (0.56,1.13)  0.184 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


2 

1 

r 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

^  «  Ur'^f  *  %  y'  **  fe'.'l  *  T,  B  '  il  v;  : 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 
'  (95%  C.I.)® 

liifililillii 

439 

1.18(0.75,1.86) 

0.470 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  basal  cell  carcinoma  on  the  trunk. 


j(e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

maMmM 

‘  jj  Est  Relative  Risk  *  T 

(95%  C.I.)ab 

^'Ie  S;  -1 

Comparison 

1,133 

46(4.1) 

Background  RH 

359 

18  (5.0) 

1.28  (0.73,2.25) 

Low  RH 

210 

14  (6.7) 

1.67  (0.90,3.10) 

High  RH 

229 

8  (3.5) 

0.83  (0.39,1.79) 

0.638 

Low  plus  High  RH 

439 

1.16(0.68,1.99) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-9.  Analysis  of  Basal  Cell  Carcinoma  (Trunk)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

.  n  4 

!$;>'■/  Adjusted  Relative  Rlsk;:;;? 
(95%CX)a 

Comparison 

1,131 

Background  RH 

358 

0.99  (0.55,1.79) 

0.984 

Low  RH 

210 

1.60  (0.83,3.11) 

0.161 

High  RH 

229 

1.46  (0.63,3.36) 

0.374 

Low  plus  High  RH 

439 

1.53  (0.85,2.73) 

0.153 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN 

-UNADJUSTED 

||1/|  5  St  JP  Analysis  Results  for  Log2  (1987  Dioxin + i)4  jj|  UU  Ij  | 

1987  Number  (%) 

Dioxin  n  Yes 

||  Estimated  Relative  Risk  SI 1 1 1 1 
(95%CX)a 

Sggi 

0.96  (0.77,1.19) 

0.695 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

SlIlllSB  -f/p  \ 

SMSl  p-Valiie |||5J| 

797  1.51  (1.07,2.13) 

0.016 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  basal  cell  carcinoma  on  the  trunk. 


10.2.2.1.8  Basal  Cell  Carcinoma  (Upper  Extremities ) 

Results  from  the  analysis  of  basal  cell  carcinoma  of  the  upper  extremities  were  nonsignificant  for  Models 
1*  3,  and  4  (Table  10-10(a-b,e-h):  p>0.10  for  each  analysis).  The  unadjusted  Model  2  analysis  revealed  a 
significant  inverse  association  between  initial  dioxin  and  basal  cell  carcinoma  of  the  upper  extremities 
(Table  10-10(c):  Est.  RR=0.51,  p=0.024).  After  adjustment  for  covariates,  the  association  was 
nonsignificant  (Table  10- 10(d):  p=0.219). 
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Table  10-10.  Analysis  of  Basal  Cell  Carcinoma  (Upper  Extremities) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


lillisiipilis 

llliiliiiiiii 

Number  (%) 

'  v"  ■■  Yes  ;  •  v 

Esk  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

805 

21  (2.6) 

0.80  (0.46,1.37) 

0.405 

Comparison 

1,168 

38  (3.3) 

Officer 

Ranch  Hand 

329 

17  (5.2) 

1.04(0.55,1.96) 

0.915 

Comparison 

480 

24  (5.0) 

Enlisted  Flyer 

Ranch  Hand 

140 

1  (0.7) 

0.62  (0.06,6.85) 

0.693 

Comparison 

173 

2(1.2) 

Enlisted 

Ranch  Hand 

336 

3  (0.9) 

0.38  (0.11,1.35) 

0.134 

Groundcrew 

Comparison 

515 

12  (2.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

lirfi'S’iiSt'f  1'f  1  '  if  *  'ff  y*  A4jflsl^lRe1atiyeiRisfc  ,  t  >V  f f1’  ^  :  I 

Occupational  Category  (95%  C.I.)  p- Value 


All 

0.76(0.44,1.34) 

Officer 

0.98(0.51,1.89) 

0.947 

Enlisted  Flyer 

0.56  (0.05,6.30) 

0.635 

Enlisted  Groundcrew 

0.38(0.11,1.37) 

0.139 

.(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

If 1 f  <*  " J  ' ^  ?  p^i  *  s  ^  >  tr  >  i  M m  '  s  £  ^ \  W-&&'  J;  fY"*-  £  ,  ^  ^  A  z:  * 

Initial  Dioxin  Category  Summary  Statistics 

p| Analysis  Resultsfdr  Logi;(Imthal  MoxirijJ v ' 

Initial  Number  (%) 

Dioxin  n  Yes 

(95%  C.I.)b  p- Value 

Low  138  5  (3.6) 

Medium  150  5  (3.3) 

High  151  0(0.0) 

0.51(0.26,0.99)  0.024 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


|(||SM|||||| 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

j 85 

(ffijiffB  Dioxin)  ' 

439 

0.56  (0.21,1.51) 

0.219 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  eye  color,  ionizing  radiation  exposure,  and  skin  reaction  to  sun  after  first 
exposure  because  of  the  sparse  number  of  Ranch  Hands  with  a  basal  cell  carcinoma  on  the  upper  extremities. 
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Table  10-10.  Analysis  of  Basal  Cell  Carcinoma  (Upper  Extremities )  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

“-UNADJUSTED 

Number  (%)  Est  Relative  Risk 

n :  ' 

Yes.  (95%  C.I.)ab 

p- Value 

Comparison 

1,133 

37  (3.3) 

Background  RH 

359 

11  (3.1)  0.99(0.50,1.97) 

0.981 

Low  RH 

210 

7(3.3)  1.00(0.44,2.27) 

High  RH 

229 

3(1.3)  0.37(0.11,1.22) 

Low  plus  High  RH 

439 

10(2.3)  0.60(0.28,1.29) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted -for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODE).  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ADJUSTED 

Bli§|  1 

.•  Adjusted' Relative  :Risk:-.:  vllfllliflllS 

Vif*.  |;/1; ,  n  >  'v>; 

(95%  C.I.)a 

(II j|j||jBi!||||||||j 

Comparison 

1,131 

Background  RH 

358 

0.74  (0.36,1.52) 

0.416 

Low  RH 

210 

0.93  (0.39,2.21) 

High  RH 

229 

0.64  (0.18,2.23) 

Low  plus  High  RH 

439 

0.77  (0.34,1.71) 

0.518 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

■ , f  1987  Dioxin  Category  Summary  Statistics 

Jljlll  Analysis  Resultsfor  Log2  (1987  Dioxin  +  J)|  1  |  |p  j  | 

1987  Number  (%) 

Dioxin  n  Yes 

S|g  |  jnafed^Reladve:  -Risk .  i;  f 

0.77(0.56,1.07)  0.107 

High _ 269 _ 4  (1.5)  fl 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-10. 

Analysis  of  Basal  Cell  Carcinoma  (Upper  Extremities)  (Continued) 

(h)  MODEL  4: 

RANCH  HANDS  - 1987  DIOXIN  A  ADJUSTER ;  ;  ^  X 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 
Adjusted  Relative  Risk 

n  (95%  CX)a 

p- Value 

797  1.00(0.63,1.57) 

0.987 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  eye  color  and  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse 
number  of  Ranch  Hands  with  a  basal  cell  carcinoma  on  the  upper  extremities. 


10.2.2.1.9  Basal  Cell  Carcinoma  ( Lower  Extremities) 

All  results  from  Models  1  through  4  of  the  analysis  of  basal  cell  carcinoma  of  the  lower  extremities  were 
nonsignificant  (Table  10-1  l(a-h):  p>0.32  for  each  analysis). 


Table  10-11.  Analysis  of  Basal  Cell  Carcinoma  (Lower  Extremities) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

n 

Number  (%) 

■  Yes  . 

7  Est.  Relative  Risk  J 

IlliSMBSillli 

All 

Ranch  Hand 

805 

5  (0.6) 

1.45  (0.42,5.04) 

0.556 

Comparison 

1,168 

5  (0.4) 

Officer 

Ranch  Hand 

329 

4(1.2) 

1.96  (0.44,8.80) 

0.381 

Comparison 

480 

3  (0.6) 

Enlisted  Flyer 

Ranch  Hand 

140 

0  (0.0) 

— 

— 

Comparison 

173 

0  (0.0) 

Enlisted 

Ranch  Hand 

336 

1  (0.3) 

0.77  (0.07,8.48) 

0.828 

Groundcrew 

Comparison 

515 

2(0.4) 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  basal  cell  carcinoma  on  the  lower 

extremities. 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

§JJjjj|j  Adjusted  Relative  Risk 

lliw 

All 

1.38(0.39,4.85) 

0.616 

Officer 

1.83  (0.40,8.33) 

0.436 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.78  (0.07,8.71) 

0.839 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  basal  cell  carcinoma  on  the  lower 
extremities. 

Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  first  exposure  or  skin  reaction  to  sun  after  repeated 
exposure  because  of  the  sparse  number  of  participants  with  a  basal  cell  carcinoma  on  the  lower  extremities.  Results 
for  all  occupations  combined  also  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with 
a  basal  cell  carcinoma  on  the  lower  extremities. 
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Table  10-11.  Analysis  of  Basal  Cell  Carcinoma  (Lower  Extremities)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)0 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%CX)b  p-Value 

Low  138  1  (0.7) 

Medium  150  0  (0.0) 

High  151  1  (0.7) 

1.09  (0.39,3.02)  0.867 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

^Analysis-^sidtSifdrjLdgi^XInitial  Dioxin)' 

Adjusted  Relative  Risk 

(95%  CJ,)a 

p- Value 

439 

1.46  (0.50,4.26) 

0.511 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  skin  color,  hair  color,  eye  color,  skin  reaction  to  sun  after  first 
exposure,  skin  reaction  to  sun  after  repeated  exposure,  composite  skin-reaction  index,  and  ionizing  radiation 
exposure  because  of  the  sparse  number  of  Ranch  Hands  with  a  basal  cell  carcinoma  on  the  lower  extremities. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

IKip^ill 

Number  (%) 

lliiWifillS 

Est  Relative  Risk  jCf' 
(95%  CX)ab 

p-Value 

Comparison 

1,133 

5(0.4) 

Background  RH 

359 

3  (0.8) 

2.07  (0.48,8.80) 

0.327 

Low  RH 

210 

1  (0.5) 

1.04  (0.12,8.97) 

0.972 

High  RH 

229 

1  (0.4) 

0.91  (0.10,7.91) 

0.932 

Low  plus  High  RH 

439 

2(0.5) 

0.97  (0.19,5.06) 

.  0.971 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Table  10-11.  Analysis  of  Basal  Cell  Carcinoma  (Lower  Extremities)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,131 

Background  RH 

358 

1.89  (0.43,8.34) 

0.398 

Low  RH 

210 

0.90  (0.10,8.17) 

0.928 

High  RH 

229 

1.03  (0.12,9.27) 

0.976 

Low  plus  High  RH 

439 

0.97(0.18,5.16) 

0.971 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  occupation  and  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse 
number  of  participants  with  a  basal  cell  carcinoma  on  the  lower  extremities. 


(g)  model  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

'  §§fjf '  §  |  Analysis  Results  for  Log*  (1987  Dioxin  +  1)  JUllill 

1987  Number  (%) 

Dioxin  :  n  .  Yes  ’ 

(95%C.I.)a  p- Value 

Low  273  3(1.1) 

Medium  256  1  (0.4) 

High  269  1  (0.4) 

0.85  (0.45,1.59)  0.597 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


0i)  MODEL  41  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Adjusted  Relati  ve  Risk 


p- Value 


797 


0.91  (0.42,1.98) 


0.803 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  skin  reaction  to  sun  after  first  exposure,  and  skin  reaction  to  sun  after 
repeated  exposure  because  of  the  sparse  number  of  Ranch  Hands  with  a  basal  cell  carcinoma  on  the  lower 
extremities. 


10.2.2.1.10  Squamous  Cell  Carcinoma 

All  results  were  nonsignificant  from  the  Model  1  through  4  analyses  of  squamous  cell  carcinoma  (Table 
10-12(a-h):  p>0.13  for  each  analysis). 
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Table  10-12.  Analysis  of  Squamous  Cell  Carcinoma 

(a)  MODEL  Is 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

|8:  Occupational  | 
Category 

Group 

n 

Number  (%) 

Yes 

EsL  Relative  Risk 
(95%  CX) 

p-Value 

All 

Ranch  Hand 

805 

20  (2.5) 

1.33  (0.72,2.45) 

0.367 

Comparison 

1,168 

22  (1.9) 

Officer 

Ranch  Hand 

329 

11  (3.3) 

1.00  (0.46,2.19) 

0.994 

Comparison 

480 

16  (3.3) 

Enlisted  Flyer 

Ranch  Hand 

140 

3(2.1) 

1.87  (0.31,11.36) 

0.495 

Comparison 

173 

2(1.2) 

Enlisted 

Ranch  Hand 

336 

6(1.8) 

2.32  (0.65,8.29) 

0.194 

Groundcrew 

Comparison 

515 

4  (0.8) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

|^|6!@!f:;'Adjustejdl;’Relative;Risk  J 

(95%  C.L) 

AU 

L46  (0.77,2.78) 

0.250 

Officer 

1.10(0.49,2.49) 

0.813 

Enlisted  Flyer 

1.86  (0.29,11.86) 

0.514 

Enlisted  Groundcrew 

2.67  (0.73,9.76) 

0.139 

gpMpM X 

2:  RANCH  HANDS  - 1 

Initial  Dioxin  Category  Summary  Statistics 

v  1  Analysis  Results  for  Log2  (Initial  Dioxin)®  ?  .  / 

Number  (%) 

Estimated  Relative  Risk 

Dioxin 

Yes 

(95%  C.I.)b  :  p-Value 

Low 

138 

3  (2.2) 

0.95  (0.58,1.55)  0.821 

Medium 

150 

3  (2.0) 

High 

151 

4  (2.7) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

Ri^NdH  ADJUSTED  |lg|Jgg 

1 1 A  H  “2  i§  Analysis  Results  for  Log2  (Initial  Dioxin)  |4  % 

1  |r|  A\|5  lllii  AdjustedjRelladYe  Risk  1  tjili  I  p  1  m  Ilf  iSf 

j§| :n 

439 

0.98  (0.52,1.85) 

0.944 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  repeated  exposure  because  of  the  sparse  number  of 
Ranch  Hands  with  a  squamous  cell  carcinoma. 
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Table  10-12.  Analysis  of  Squamous  Cell  Carcinoma  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

14.^  1;  £  ’A% 

Number  (%)  . 
Yes 

'.^v^;:Est.R^tife.;Risk  |tJ 

/ v  (95%  C.I.)ab 

p-Value 

Comparison 

1,133 

20(1.8) 

Background  RH 

359 

10  (2.8) 

1.69  (0.78,3.66) 

0.187 

Low  RH 

210 

6(2.9) 

1.60  (0.63,4.04) 

0.320 

High  RH 

229 

4(1.8) 

0.94  (0.32,2.78) 

0.907 

Low  plus  High  RH 

439 

10  (2.3) 

1.21  (0.55,2.66) 

0.634 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY -  ADJUSTED 

Dioxin  Category 

Adjusted  '.Relative  -Risk:  §l|§|fyl 
(95  %  C.I.)ft 

lilliSlIliSiilliil!# 

Comparison 

1,131 

Background  RH 

358 

1.53  (0.68,3.45) 

0.306 

Low  RH 

210 

1.52  (0.56,4.10) 

0.408 

High  RH 

229 

1.74  (0.53,5.69) 

0.363 

Low  plus  High  RH 

439 

1.63  (0.69,3.82) 

0.262 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL 4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

||j||||§  1 1  Analysis  Results  for  Log2  (1987  Dioxin  +  1)J  |  jjj|  ||j  1 j 

1987  Number  (%) 

Dioxin  n  Yes 

pjpif  | 

.  (95%  C.I.)a  /  p- Value  " 

0.95  (0.70,1.29)  0.744 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-12.  Analysis  of  Squamous  Cell  Carcinoma  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

n  .  <95%^C.lL)^  *  <  (  ,  ,  >’ 

p- Value 

797 _ 1.07  (0.70,1 .63) _ 0.749 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


10.2.2.1.11  Nonmelanoma 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  nonmelanoma  revealed  a  significant  difference 
between  Ranch  Hand  and  Comparison  enlisted  flyers  (Table  10-13(a,b):  Est.  RR=1.89,  p=0.042; 

Adj.  RR=2.00,  p=0.035,  respectively).  Nonmelanoma  was  higher  in  Ranch  Hands  than  in  Comparisons. 
All  other  Model  1  contrasts  were  nonsignificant  (Table  10-13(a,b):  p>0.14). 

The  Model  2  unadjusted  analysis  revealed  a  significant  inverse  association  between  initial  dioxin  and 
nonmelanoma  (Table  10-1 3(c):  Est.  RR=0.73,  p-0.003).  After  adjustment  for  covariates,  the  association 
was  marginally  significant  (Table  10-13(d):  Adj.  RR=0.79,  p=0.075). 

The  Model  3  unadjusted  analysis  revealed  that  Ranch  Hands  in  the  low  dioxin  category  had  a  greater 
history  of  nonmelanoma  than  Comparisons  (Table  10-13(e):  Est.  RR=1.49,  p=0.034).  The  result  was 
marginally  significant  after  adjustment  for  covariates  (Table  10-13(f):  Adj.  RR=  1.43,  p=0.081).  All 
other  Model  3  contrasts  were  nonsignificant  (Table  10-13(e,f):  p>0.20). 


Table  10-13.  Analysis  of  Nonmelanoma 


(a)  MODEL  X: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Number  (%)  ; 

|  Est  RelativeRisk  , 

p- Value 

All 

Ranch  Hand 

805 

134(16.7) 

1.13  (0.88,1.44) 

0.345 

Comparison 

1,168 

176(15.1) 

Officer 

Ranch  Hand 

329 

73  (22.2) 

1.25  (0.89,1.77) 

0.203  • 

Comparison 

480 

89(18.5) 

Enlisted  Flyer 

Ranch  Hand 

140 

29  (20.7) 

1.89(1.02,3.49) 

0.042 

Comparison 

173 

21  (12.1) 

Enlisted 

Ranch  Hand 

336 

32  (9.5) 

0.72(0.46,1.12) 

0.143 

Groundcrew 

Comparison 

515 

66  (12.8) 

mam 

VRISONS- ADJUSTED 

V'*>  - 

anal  Category 

■ .  ■  ■  ■ 

All 

1.18  (0.91,1.53) 

0.219 

Officer 

1.31  (0.91,1.90) 

0.144 

Enlisted  Flyer 

2.00(1.05,3.81) 

Enlisted  Groundcrew 

0.76  (0.48,1.22) 

0.258 
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Table  10-13.  Analysis  of  Nonmelanoma  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial 

Number  (%); 

Estimated  Relative  Risk 

Dioxin 

n 

:  ;a  Yes  fy 

(95%  C.I.)b  p- Value 

Low 

138 

29  (21.0) 

0.73  (0.59,0.90)  0.003 

Medium 

150 

29  (19.3) 

High 

151 

14  (9.3) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n  ’  (95%  CX)a  '  ■■  .  p- Value 

439  0.79  (0.60,1.03)  0.075 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED  jj  | 

Dioxin  Category 

iliiiiiisiiii 

( ;  Est  Relative  Risk  | 
(95%  C.l.),l> 

p- Value 

Comparison 

1,133 

169  (14.9) 

Background  RH 

359 

62  (17.3) 

1.23  (0.89,1.70) 

0.203 

Low  RH 

210 

44  (21.0) 

1.49(1.03,2.16) 

0.034 

High  RH 

229 

28  (12.2) 

0.77  (0.50,1.18) 

0.231 

Low  plus  High  RH 

439 

72(16.4) 

1.06  (0.78,1.44) 

0.729 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-13.  Analysis  of  Nonmelanoma  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  Hill  Hi 

|  T-, Adjusted  Relative  Risk 

*  r  "  .<  J  Dioxin  Category  - 

E?:f  I;  H':S 

(95%  C.I.)a 

||1 1  p- Value  ;  flf 5  lliil 

Comparison 

1,131 

Background  RH 

358 

1.16(0.82,1.64) 

0.398 

Low  RH 

210 

1.43  (0.96,2.13) 

0.081 

High  RH 

229 

1.06  (0.67,1.69) 

0.803 

Low  plus  High  RH 

439 

1.22(0.88,1.71) 

0.235 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|  f  Analysis  Results  for  Log2  (1987  Dioxin  +  If  ||J:  ]  >  ’  f 

'  1987  .  Number  (%) 

Dioxin  n  Yes 

(95%  C.I.)a  p-Value 

I 

Ejgffi  ■  ■  ■ 

K 

0.89  (0.78,1.01)  0.074 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  1  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

:  •  (95%  C.I.)a 


p- Value 


797 


1.02(0.86,1.21) 


0.786 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  marginally  significant  association  between  1987  dioxin  levels  and  nonmelanoma  was  revealed  from  the 
Model  4  unadjusted  analysis  (Table  10-13(g):  Est.  RR=0.89,  p=0.074).  After  adjustment  for  covariates, 
the  result  was  nonsignificant  (Table  10-13(h):  p=0.786). 

10.2.2.1.12  Melanoma 

All  analyses  of  melanoma  in  Models  1,  2,  and  4  were  nonsignificant  (Table  10-14(a-d,g-h):  p>0.1 1  for 
each  analysis).  All  contrasts  from  the  unadjusted  analysis  of  Model  3  were  nonsignificant  (Table 
10- 14(e):  p>0.11  for  each  contrast).  After  adjustment  for  covariates,  a  marginally  significant  difference 
was  found  between  Ranch  Hands  in  the  low  plus  high  dioxin  category  and  Comparisons  (Table  10- 14(f): 
Adj.  RR=2.44,  p=0.062).  Melanoma  was  higher  for  Ranch  Hands  than  for  Comparisons.  All  other 
adjusted  Model  3  contrasts  were  nonsignificant  (Table  10-14(f):  p>0.12). 
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Table  10-14.  Analysis  of  Melanoma 


(a)  MODEL!: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Number  (%) 

:V  Yesf:i 

Est  Relative  Risk 

:  ,  ii<?5$C£)  ,  '  \ 

p- Value 

AU 

Ranch  Band 

805 

16(2.0) 

1.80(0.86,3.77) 

0.117 

Comparison 

1,168 

13(1.1) 

Officer 

Ranch  Hand 

329 

9  (2.7) 

1.90  (0.70,5.16) 

0.207 

Comparison 

480 

7(1.5) 

Enlisted  Flyer 

Ranch  Hand 

140 

0(0.0) 

— 

0.999a 

Comparison 

173 

1  (0.6) 

Enlisted 

Ranch  Hand 

336 

7  (2.1) 

2.17(0.68,6.90) 

0.189 

Groundcrew 

Comparison 

515 

5(1.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch  Hands 

with  a  melanoma. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  melanoma. 

(b)  MODEL  1: 

liisiiiiii 

81  %  if  \  Adjusted  Relative  Risk 

; -I',  !?• ':  iff 

Occupational  Category 

(95  %  C.I.) 

All 

1.78  (0.83,3.79) 

0.136 

Officer 

1.92  (0.69,5.30) 

0.211 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

2.01  (0.62,6.50) 

0.246 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  melanoma. 

Note:  Results  are  not  adjusted  for  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  melanoma. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Ifl m Initial  Dloxin  Category  Summary  Statisti<^ 

Initial  Number  (%) 

(9S%  C.L)b  ;  ’  :  p- Value  :  " 

Low  138  4  (2.9) 

Medium  150  1  (0.7) 

High  151  4  (2.7) 

1.12(0.69,1.80)  0.660 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
5  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-14. 

Analysis  of  Melanoma  (Continued) 

(d)  MODEL  2: 

RANCH  HANDS  -INITIAL  DIOXIN  -  ADJUSTED 

iiiilliillil 

::  4;'  Analysis  Results  for  Log2  (Initial  Dioxin) 

.  *  Adjusted  Relative  Risk  '  k  ! 

,  (95%C.l.f 

p-Value 

439 

1.28  (0.76,2.16) 

0.366 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  skin  color,  skin  reaction  to  sun  after  first  exposure,  and  skin  reaction 
to  sun  after  repeated  exposure  because  of  the  sparse  number  of  Ranch  Hands  with  a  melanoma. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED  gH 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

Ifrg 

Yes  (95%  C.I.)ab 

p-Value 

Comparison 

1,133 

12(1.1) 

Background  RH 

359 

7(2.0)  1.76(0.68,4.54) 

0.240 

Low  RH 

210 

5(2.4)  2.32(0.81,6.68) 

High  RH 

229 

4(1.8)  1.74(0.55,5.49) 

Low  plus  High  RH 

439 

9(2.1)  2.00(0.83,4.83) 

0.122 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Igsgsijf;  mamm 

-S'VlSIi!  Adjusted  Relative  Risk;  IflllMI 

|||§j§  ^)W<Miin;'Category- 1|||1 

liiilllllli 

:  i  (95%  C.I.)" 

^p-Value f  % 

Comparison 

1,131 

Background  RH 

358 

1.56(0.59,4.16) 

Low  RH 

210 

2.17(0.73,6.48) 

0.164 

High  RH 

229 

2.71  (0.76,9.67) 

0.124 

Low  plus  High  RH 

439 

2.44  (0.96,6.23) 

0.062 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  skin  reaction  to  sun  after  first  exposure  because  of  the  sparse  number  of 
participants  with  a  melanoma. 
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Table  10-14.  Analysis  of  Melanoma  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN-  UNADJUSTED 

IQ  1987  Dipxin  Category  Summary  Statistics  f: 

1  1ft  1  H|  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  iff  || 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

: 

1  Bill 

1.05(0.76,1.46)  0.761 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin +  1) 

:  ;  •  .  n  ■  ■ _  ,  (95%  CX)a  .  ■  :  .  p-Value  ;y 

_ 797 _ 1.18(0.81,1.71) _ 0,399 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  and  skin  reaction  to  sun  after  repeated  exposure  because  of  the  sparse 
number  of  Ranch  Hands  with  a  melanoma. 


10.2.2.1.13  Systemic  Neoplasms  (All  Sites  Combined) 

Results  from  the  analyses  of  a  history  of  all  systemic  neoplasms  in  Models  1,  2,  and  4  were  nonsignificant 
(Table  10-15(a-d,g-h):  p>0.12  for  each  analysis).  In  the  unadjusted  analysis  of  Model  3,  a  marginally 
significant  difference  in  the  percentage  of  participants  with  any  systemic  neoplasm  was  found  between 
Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  10- 15(e):  Est.  RR=1.31,  p=0.072).  The 
occurrence  of  any  systemic  neoplasm  was  higher  for  Ranch  Hands  in  the  low  dioxin  category  than  for 
Comparisons.  After  adjustment  for  covariates,  the  contrast  was  nonsignificant  (Table  10- 15(f):  p=0.927). 
The  contrast  of  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  was  marginally 
significant  in  the  adjusted  Model  3  analysis  (Table  10-15(f):  Adj.  RR=0.76,  p=0.076).  A  greater 
percentage  of  Comparisons  than  Ranch  Hands  in  the  background  dioxin  category  had  a  systemic 
neoplasm.  All  other  Model  3  contrasts  were  nonsignificant  (Table  10-15(e,f)'  p>0.25). 


Table  10-15.  Analysis  of  Systemic  Neoplasms  (All  Sites  Combined) 


pa)  MODEL  1: 

Ipilpategory 

<$mS: 

J|f|(l§a'i  Mkl 

>  Est.  Relative  Risk  ,  f 

1:  If 

Sigailiiiii 

AU 

Ranch  Hand 

855 

267(31.2) 

1.07(0.89,1.29) 

0.482 

Comparison 

1,242 

370  (29.8) 

Officer 

Ranch  Hand 

332 

110(33.1) 

0.95  (0.70,1.27) 

0.716 

Comparison 

489 

168  (34.4) 

Enlisted  Flyer 

Ranch  Hand 

147 

49  (33.3) 

1.20  (0.75,1.91) 

0.443 

Comparison 

187 

55  (29.4) 

Enlisted 

Ranch  Hand 

376 

108  (28.7) 

1.15  (0.86,1.54) 

0.352 

Groundcrew 

Comparison 

566 

147  (26.0) 
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Table  10-15.  Analysis  of  Systemic  Neoplasms  (All  Sites  Combined)  (Continued) 


(b)MODELl:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 

*  r'  : :  u  (9^%  c.i.) :  "  ;  , 

p-Value 

All 

0.88(0.70,1.12) 

0.307 

Officer 

0.77  (0.56,1.07) 

0.125 

Enlisted  Flyer 

0.98(0.60,1.61) 

0.937 

Enlisted  Groundcrew 

0.98  (0.70,1.36) 

0.888 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

if;  | Analysis  Results  for  Log2  (Initial  Dioxin)* 

Dioxin  n  Yes 

' ; .  •  Estimated  Relative  Risk  Sifl 

(95%  C.I.)b  p- Value 

Low  155  57  (36.8) 

Medium  160  52  (32.5) 

High  157  46  (29.3) 

0.93(0.80,1.07)  0.308 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


f  |  Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  (95%  CL)*  ■'  ■■■■  p-Value 


469 

1.00  (0.84,1.20) 

0.980 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNA  DJUS  TEp  MM 

1  ill! 

Number  (%)  \ 

Est  Relative  Risk 
Hfl!  (95%  CJ.)a||!|'|1 

p-Value 

Comparison 

1,204 

358  (29.7) 

Background  RH 

376 

109  (29.0) 

0.98  (0.76,1.26) 

0.864 

Low  RH 

232 

83  (35.8) 

1.31  (0.98,1.76) 

0.072 

High  RH 

240 

72  (30.0) 

1.00  (0.74,1.36) 

0.995 

Low  plus  High  RH 

472 

155  (32.8) 

1.14  (0.91,1.44) 

0.253 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


10-51 


Table  10-15.  Analysis  of  Systemic  Neoplasms  (All  Sites  Combined)  (Continued) 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Adjusted  Relative  Risk  §| 

Dioxin  Category 

'  n 

(95%  C.I.)a  : 

p-Value 

Comparison 

1,202 

Background  RH 

373 

0.76  (0.57,1.03) 

0.076 

Low  RH 

230 

0.98  (0.70,1.38) 

High  RH 

239 

0.95  (0.67,1.36) 

Low  plus  High  RH 

469 

0.97  (0.73,1.28) 

0.823 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

5  il  |  \  Analysis  Results  for  Log2  (1987  Dioxin  4-  i®  •  jf§|  fgf  j 

1987  Number  (%) 

.  Dioxin  .  ■  n  .  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  284  83  (29.2) 

Medium  281  94  (33.5) 

High  283  87  (30.7) 

1.02(0.92,1.12)  0.734 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

n  (95%  C.L)fl 

842  1.05(0.93,1.18) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


10.2.2 . 1. 14  Malignant  Systemic  Neoplasms 

The  unadjusted  Model  1  analysis  within  the  enlisted  flyer  stratum  revealed  significantly  more  Ranch 
Hands  than  Comparisons  with  a  malignant  systemic  neoplasm  (Table  10-16(a):  Est.  RR=2.20,  p=0.049). 
After  adjustment  for  covariates  the  contrast  was  nonsignificant  (Table  10- 16(b):  p=0.132).  All  other 
Model  1  contrasts  were  nonsignificant  (Table  10-16(a,b):  p>0.11). 
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Table  10-16.  Analysis  of  Malignant  Systemic  Neoplasms 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

±00': 

l:j|  Number  (%)  Sjgg 
Yes 

Est.  Relative  Risk 
(95  %  C.I.) 

p- Value 

All 

Ranch  Hand 

861 

67  (7.8) 

1.32  (0.94,1.86) 

0.112 

Comparison 

1,249 

75  (6.0) 

Officer 

Ranch  Hand 

335 

32  (9.6) 

1.23  (0.76,2.01) 

0.403 

Comparison 

494 

39  (7.9) 

Enlisted  Flyer 

Ranch  Hand 

149 

18(12.1) 

2.20(1.00,4.81) 

0.049 

Comparison 

187 

11  (5.9) 

Enlisted 

Ranch  Hand 

377 

17  (4.5) 

1.03  (0.55,1.93) 

0.937 

Groundcrew 

Comparison 

568 

25  (4.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

(95%  CX) 

AU 

1.12  (0.74,1.70) 

0.592 

Officer 

1.09(0.63,1.88) 

0.766 

Enlisted  Flyer 

1.91  (0.82,4.43) 

0.132 

Enlisted  Groundcrew 

0.82  (0.41,1.67) 

0.589 

(ft  MODEL.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

||  $r  Analysis  Results  for  Lpg2 

wmik: ;  1 

Number  (%)  ■ 

'■  •  *  : 

n  Yes 

Estimated  Relative  Risk  & 
(95%  C.I.)b 

miii 

iiiililllii 

Low  156  19  (12.2) 

Medium  161  20(12.4) 

High  159  6  (3.8) 

0.62  (0.46,0.84)  0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2; 

fj||M  /  [S:\Wy 

A^3^w®^Ut^|b^L|g2^(Initial  Dioxin)  j&j  *-?■< 

s*\i 

p-Value 

472 

0.82  (0.57,1.18) 

0.272 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 
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Table  10-16.  Analysis  of  Malignant  Systemic  Neoplasms  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

n  ; 

Number  (%)  ■ 

■  Yes 

Est  Relative  Risk 
(95%e.i.)ab 

p-Value 

Comparison 

1,211 

73  (6.0) 

Background  RH 

378 

21  (5.6) 

0.91  (0.55,1.51) 

0.727 

Low  RH 

234 

34  (14.5) 

2.65  (1.72,4.09) 

<0.001 

High  RH 

242 

11  (4.6) 

0.74  (0.39,1.43) 

0.374 

Low  plus  High  RH 

476 

45  (9.5) 

1.39  (0.91,2.13) 

0.132 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adjusted  Relative  Risk 


isiiiiifiiiiBii 

(95%  C.I.)a 

p-Value 

Comparison 

1,209 

Background  RH 

375 

0.73  (0.42,1.29) 

0.279 

Low  RH 

232 

1.94(1.16,3.24) 

0.012 

High  RH 

240 

0.86  (0.41,1.78) 

0.680 

Low  plus  High  RH 

472 

1.28  (0.77,2.13) 

0.345 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

|  |H  1987  Dioxin  Category  Summary  Statistics  ^  ’ 

§11111 H  Analysis  Results  for  Log*  (1987  Dioxin  + 1)  *1  £ |  1 |  |  | 

Ij  |8  Dioxin,  §g|  §jjj|g§  Yes  j|||f f 

Low  286  15  (5.2) 

Medium  282  32(11.4) 

High  286  19  (6.6) 

0.96(0.81,1.14)  0.641 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-16.  Analysis  of  Malignant  Systemic  Neoplasms  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 
(95%  CX)a 


p- Value 


847 


1.06  (0.84,1.34) 


0.599 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


The  unadjusted  analysis  of  malignant  systemic  neoplasms  revealed  a  significant  inverse  relation  with 
initial  dioxin  (Table  10- 16(a):  Est.  RR=0.62,  p=0.001).  The  association  was  nonsignificant  after 
adjustment  for  covariates  (Table  10-16(d):  p=0.272). 

The  Model  3  contrast  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  was  significant 
in  both  the  unadjusted  and  adjusted  analyses.  A  greater  percentage  of  participants  with  malignant 
systemic  neoplasms  was  observed  in  Ranch  Hands  than  in  Comparisons  (Table  10-16(e,f):  Est.  RR=2.65, 
p<0.001;  Adj.  RR=1.94,  p=0.012,  respectively).  All  other  Model  3  contrasts,  as  well  as  the  Model  4 
analyses,  were  nonsignificant  (Table  10-16(e-h):  p>0.13  for  all  remaining  analyses). 

10.2.2. 1. 15  Benign  Systemic  Neoplasms 

Results  from  each  of  the  analyses  of  benign  systemic  neoplasms  in  Models  1  through  4  were 
nonsignificant  (Table  10-17(a-h):  p>0.15  for  each  analysis). 


Table  10-17.  Analysis  of  Benign  Systemic  Neoplasms 


(a)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


l|j  Occupational  [ 

g®  ■•••'Category- fj  If 

Group 

Number  (%) 

■  Yes 

Est  Relative  Risk  s  ~ ' 
;  (95%C.L) 

Igl-fp-Value;-';  7 

All 

Ranch  Hand 

855 

217  (25.4) 

1.07(0.88,1.31) 

0.495 

Comparison 

1,242 

299  (24.1) 

Officer 

Ranch  Hand 

332 

82  (24.7) 

0.91  (0.66,1.25) 

0.545 

Comparison 

489 

130  (26.6) 

Enlisted  Flyer 

Ranch  Hand 

147 

40  (27.2) 

1.11(0.68,1.82) 

0.668 

Comparison 

187 

47  (25.1) 

Enlisted 

Ranch  Hand 

376 

95  (25.3) 

1.23  (0.91,1.67) 

0.186 

Groundcrew 

Comparison 

566 

122(21.6) 
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Table  10-17.  Analysis  of  Benign  Systemic  Neoplasms  (Continued) 


(b)  MODEL  1 :  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 
(95%  CX) 

p- Value 

All 

0.93  (0.73,1.19) 

0.574 

Officer 

0.78  (0.55,1.10) 

0.155 

Enlisted  Flyer 

0.95  (0.56,1.59) 

0.831 

Enlisted  Groundcrew 

1.11  (0.79,1.57) 

0.548 

(e)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8  1 1  jf| 

Initial  Number  (%) 

Dioxin  n  Yes 

If  Estimated: Relative  Risk  't  If;  it  $  &*f  !• 

||  SI!  (95%  C.I.)b  ||  r  ;  -  mM  SllllSl 

Low  155  43  (27.7) 

Medium  160  37  (23.1) 

High  157  41  (26.1) 

1.03  (0.88,1.20)  0.718 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

KANjCft  0ANDS  ^3MTIALJDlOXJN  ~  ADJUSTED  :  | 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 
(95%C.I.)‘ 

469 

0.99  (0.82,1.19) 

0.903 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

§§jj|jf  Dioxin  Category  §j  j| 

.  n 

Number  (%) 

Yes  : 

|  Est;  Relative:  Risk 
;  '  (95%  CX)ab 

Bliliiiiiiliiliiil 

Comparison 

1,204 

289  (24.0) 

Background  RH 

376 

93  (24.7) 

1.05  (0.80,1.38) 

0.710 

Low  RH 

232 

58  (25.0) 

1.05  (0.76,1.46) 

0.760 

High  RH 

240 

63  (26.3) 

1.12(0.81,1.53) 

0.500 

Low  plus  High  RH 

472 

121  (25.6) 

1.08  (0.85,1.39) 

0.521 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-17.  Analysis  of  Benign  Systemic  Neoplasms  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

|||l|  Adjusted  Relative  Risk 

:  n 

(95%  C.I.)a 

p-Value 

Comparison 

1,202 

Background  RH 

373 

0.89  (0.66,1.22) 

0.479 

Low  RH 

230 

0.86  (0.60,1.23) 

0.400 

High  RH 

239 

1.00  (0.69,1.45) 

0.996 

Low  plus  High  RH 

469 

0.93  (0.69,1.24) 

0.613 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


1987  Dioxin  Category  Summary  Statistics 

H| fgggj  Analysis  Results  for  Log2  (1987  Dioxin + 3§j|g|  i||  Jj|  | 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  284  70  (24.7) 

Medium  281  72(25.6) 

High-  283  72  (25.4) 

1.03(0.93,1.14)  0.582 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(K)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

'f-'i"  i  1  &&  1/  f  ^ji&te^ijRel^tiveRisk  1  i? 

llii  • ;  >  ; 

842  1.01  (0.89,1.14) 

0.905 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


10.2.2.1. 16  Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

Results  from  each  of  the  analyses  of  systemic  neoplasms  of  uncertain  behavior  or  unspecified  nature  from 
Models  1  through  4  were  nonsignificant  (Table  10-18(a-h):  p>0.18  for  each  analysis). 
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Table  10-18.  Analysis  of  Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Group 

•  n 

;V  Number  (%) 

Yes  S 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

861 

16(1.9) 

0.93  (0.49,1  75) 

0.814 

Comparison 

1,249 

25  (2.0) 

Officer 

Ranch  Hand 

335 

1 1  (3.3) 

1.26  (0.56,2.84) 

0.583 

Comparison 

494 

13  (2.6) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

0.63  (0.06,6.96) 

0.702 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

377 

4(1.1) 

0.60  (0.19,1.92) 

0.388 

Groundcrew 

Comparison 

568 

10(1.8) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Adjusted  Relative  Risk 


Occupational  Category  pfy  j 

(95%  C.I.) 

p-Value 

AU 

0.71  (0.34,1.47) 

0.355 

Officer 

0.96  (0.40,2.31) 

0.925 

Enlisted  Flyer 

0.45  (0.04,5.19) 

0.523 

Enlisted  Groundcrew 

0.44  (0.13,1.50) 

0.190 

(c)  MODEL  2;  RANCH  HANI 

)S  -  INITIAL  DIOXIN  -  UNADJUSTED 

n  Category  S 

iummary  Statistics 

Initial 

•? >  ’<  i£<v  «*•'  ''* ' , !«'  >;&*.  X*'  * 

Number  (%) 

Yes  y 

(95%  C.I.)b  p-Value 

BgHI^ 

0.84  (0.49,1.47)  6.534 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

•  .  :  n  ;:  :  ■:  ;  -  (95%C.I,)a  '  .  ''  ?'  '  /  '  ■  p-Value 

_ £72 _ 1.16(0.58,2.31)  _ 0.678 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 
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Table  10-18.  Analysis  of  Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified 
Nature  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n  .v:;. 

f  |;:pNiarhhiSr:jf^):  >l,*f  * 

ngipiliii 

jf  •§§  Est  Relative  Risk  E 

ljg§  (95%  CX)ab  ||j 

p- Value 

Comparison 

1,211 

25  (2.1) 

Background  RH 

378 

8(2.1) 

1.08  (0.48,2.44) 

0.845 

Low  RH 

234 

6  (2.6) 

1.23  (0.50,3.03) 

0.657 

High  RH 

242 

2  (0.8) 

0.38  (0.09,1.61) 

0.187 

Low  plus  High  RH 

476 

8(1.7) 

0.67  (0.27,1.67) 

0.392 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

lllllii  ■ 

Adjusted  Relative  Risk 
(95%  C.I.)a 

•’lirt-  wiisiM 

Comparison 

1,209 

Background  RH 

375 

0.72  (0.30,1.76) 

0.475 

Low  RH 

232 

0.85  (0.32,2.26) 

0.744 

High  RH 

240 

0.40(0.09,1.89) 

0.250 

Low  plus  High  RH 

472 

0.58  (0.22,1.58) 

0.288 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

r | p|j|  | l|87r  1  |J  j||  | NtitnjSer^®  ■ 

5  ^Diipun  \  1  |  ■■■'  ■"  -'■vYes 

Low  286  8(2.8) 

Medium  282  5  (1.8) 

High  286  3(1.1) 

0.84  (0.59,1.20)  0.329 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  -  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-18.  Analysis  of  Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified 
Nature  (Continued) 


(fa)  MODEL  4;  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
I  !  j  Adjusted|Relative  Risk  * 


p- Value 


847 


1.07  (0.67,1-72) 


0.767 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


10.2.2.1.17  Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 

Results  from  each  of  the  analyses  of  malignant  systemic  neoplasms  of  the  eye,  ear,  face,  head,  and  neck  in 
Models  1,  3,  and  4  were  nonsignificant  (Table  10-19(a-b,e-h):  p>0.13  for  each  analysis).  The  unadjusted 
analysis  of  Model  2  revealed  a  marginally  significant  association  between  initial  dioxin  and  malignant 
systemic  neoplasms  of  the  eye,  ear,  face,  head,  and  neck  (Table  10-19(c):  Est.  RR=0.50,  p=0.081).  After 
adjustment  for  covariates,  the  Model  2  result  was  nonsignificant  (Table  10-19(d):  p=0.666). 


Table  10-19.  Analysis  of  Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


:  Occupational 
'l  l  Category 

»  Group 

n 

Number  (%) 

gjffp  Yes 

Est  Relative  Risk 
(95%  CX) 

p-Value 

All 

Ranch  Hand 

861 

9(1.1) 

1.09  (0.46,2.60) 

0.848 

Comparison 

1,249 

12  (1.0) 

Officer 

Ranch  Hand 

335 

6(1.8) 

2.23  (0.63,7.98) 

0.216 

Comparison 

494 

4  (0.8) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

0.41  (0.04,4.03) 

0.448 

Comparison 

187 

3(1.6) 

Enlisted 

Ranch  Hand 

377 

2(0.5) 

0.60  (0.12,3.11) 

0.543 

Groundcrew 

Comparison 

568 

5  (0.9) 

(b)  fafppEL  jj  -RANCH 


Adjusted  RelatiyeRisk 


|  |H  1  PccupationalCategory  ( 

(95%  C.I.) 

All 

0.98  (0.35,2.75) 

0.974 

Officer 

2.07  (0.53,8.16) 

0.298 

Enlisted  Flyer 

0.38  (0.04,4.02) 

0.424 

Enlisted  Groundcrew 

0.49  (0.08,2.87) 

0.429 
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Table  10-19.  Analysis  of  Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head  and 
Neck)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

I  >;?  Analysis  Results  for  Log2  (Initial  Dioxin)8 

1  -  ^Jiiftjal  \  ‘  *  ’  i*  ^  ^  r  fluffier  (rfo)  h  ,  l 

Dioxin  n  Yes 

(95%  C.I.)b  p- Value 

0.50(0.20,1.23)  0.081 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

■  "  ■  n  -  :  ■■ (95%C.I.)a  •  .  ■  '  p-Value 

_ £72 _ 0.79  (0.27,2.33) _ _ _  0.666 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  eye,  ear,  face,  head,  and  neck.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse 
number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%) 

;  ;:i;piEst  Relative  Risk 

}  1 1  Dioxin  Category  { 

Illilfe'liiSiSlS 

Yes 

(95%  CI.)8b 

p-Value 

Comparison 

1,211 

12(1.0) 

Background  RH 

378 

3  (0.8) 

0.72  (0.20,2.58) 

Low  RH 

234 

5  (2.1) 

2.24  (0.78,6.43) 

0.134 

High  RH 

242 

1  (0.4) 

0.46  (0.06,3.53) 

Low  plus  High  RH 

476 

6(1.3) 

1.00  (0.29,3.41) 

0.995 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

5  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-19.  Analysis  of  Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head  and 
Neck)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

~  .■  ■  ■;  >  i; 

Adjusted  Relative  Risk 

(95%  CX)a  ss 

p-Value 

Comparison 

1,209 

Background  RH 

375 

0.64  (0.16,2.59) 

0.533 

Low  RH 

232 

1.94  (0.58,6.44) 

0.281 

High  RH 

240 

0.49  (0.06,4.31) 

0.520 

Low  plus  High  RH 

472 

0.96  (0.24,3.82) 

0.956 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

f  | H  pi  1  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  !§|  §jjf  |  J 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  '  .  .  p-Value 

0.85(0.53,1.36)  0.494 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

847 _ 1.04  (0.57,1.91) _ 0.897 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  eye,  ear,  face,  head,  and  neck.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse 
number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


1 0.2.2. 1.18  Malignant  Systemic  Neoplasms  ( Oral  Cavity,  Pharynx,  and  Larynx) 

Results  from  each  of  the  analyses  of  malignant  systemic  neoplasms  of  the  oral  cavity,  pharynx,  and  larynx 
from  Models  1  through  4  were  nonsignificant  (Table  10-20(a-h):  p>0.29  for  each  analysis). 
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Table  10-20.  Analysis  of  Malignant  Systemic  Neoplasms  (Oral  Cavity,  Pharynx,  and  Larynx) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 


!fj§  Occupational  i 

Group 

n 

Number  (%) 

’  Yes  *  ^ 

Est.  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

Ranch  Hand 

861 

4(0.5) 

0.83  (0.24,2.84) 

0.762 

Comparison 

1,249 

7(0.6) 

Officer 

Ranch  Hand 

335 

2  (0.6) 

1.48  (0.21,10.54) 

0.697 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

0.63  (0.06,6.96) 

0.702 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

0.50  (0.05,4.83) 

0.550 

Groundcrew 

Comparison 

568 

3  (0.5) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

"fo ><& ’'-.nKifr  >&  'A\v .t?/ y  ly.  - f' '•<*  -:k ft.?  ■’£?>.*>$£ •*  >&*->  &, ;^8 

Occupational  Category  (95%C.I.)  p-Value 


AU 

0.63  (0.16,2.44) 

0.501 

Officer 

1.35(0.17,10.61) 

0.777 

Enlisted  Flyer 

0.52  (0.04,6.28) 

0.603 

Enlisted  Groundcrew 

0.31  (0.03,3.40) 

0.336 

(c)  MODEL 

2:  RANCH  HAND 

S  - INITIAL  DIOXIN -  UNADJUSTED 

H8B®S8lilll 

Initial  Dioxin  Category  Summary  Statistics  »  gf  iff 

Analysis  Results  for  Log2  (Initial  Dioxin)8  4t|g  :v  j 

i  b-*  v  '? 

Number  (%) 

Estimated  Relative  Risk 

S'iiiiiPiSBiifii 

i|j|j(g|iK|| 

n 

liillliSllliii 

(95%  C.l.)b  ; 

Low 

156 

1  (0.6) 

0.97  (0.39,2.41) 

0.953 

Medium 

161 

1  (0.6) 

High 

159 

1  (0.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(dj  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Logs  (Initial  Dioxin) 
Adjusted  Relative  Risk 
(95%  CX)8"/ 


p-Value 


472 


1.15(0.34,3.88) 


0.822 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  oral  cavity,  pharynx,  and  larynx.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the 
sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 
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Table  10-20.  Analysis  of  Malignant  Systemic  Neoplasms  (Oral  Cavity ,  Pharynx,  and 
Larynx)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

L '  v<  ;-n.i 

Yes  (95%  C.I.)ab 

p-Value 

Comparison 

1,211 

7  (0.6) 

Background  RH 

378 

1  (0.3)  0.43  (0.05,3.52) 

0.431 

Low  RH 

234 

2(0.9)  1.51(0.31,7.30) 

0.612 

High  RH 

242 

1  (0.4)  0.75(0.09,6.18) 

0.791 

Low  plus  High  RH 

476 

3(0.6)  1.06(0.25,4.39) 

0.938 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(!)  MODELS:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

Sfliililt® 

Adjusted  Relative  Risk 
(95%  CX)a  ■" 

Comparison 

1,209 

Background  RH 

375 

0.39  (0.04,3.56) 

0.401 

Low  RH 

232 

1.01  (0.18,5.59) 

0.987 

High  RH 

240 

0.56  (0.06,5.33) 

0.614 

Low  plus  High  RH 

472 

0.75  (0.16,3.59) 

0.719 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -"  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logs  (1987  Dioxin  +  1) 

1  gj |  fill  f  1 jgj  1  {  3j|4 Jill 4  3§ 

Dioxin  '  n  Yes 

(95%  C.I.)a  p- Value 

1.23  (0.66,2.29)  0.526 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  10-20.  Analysis  of  Malignant  Systemic  Neoplasms  (Oral  Cavity ,  Pharynx,  and 
Larynx)  (Continued) 


(h)  MODEL  4:  KANCHHANDS  -  1987  DIOXIN  -  ADJUSTED 


AnalysisResuIts  fdKL^g^d 987  Dioxin  + 1) 
x  ix  •'  %  J  •’  Adjusted  Relative  Risk  i|  ] 
(95%  C.I.)a 


p- Value 


847 


1.60  (0.65,3.97) 


0.296 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  oral  cavity,  pharynx,  and  larynx.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the 
sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


10.2.2.1. 19  Malignant  Systemic  Neoplasms  ( Esophagus ) 

Because  of  the  absence  of  malignant  systemic  neoplasms  of  the  esophagus  in  Ranch  Hands,  statistical 
analysis  was  not  performed.  A  malignant  systemic  neoplasm  of  the  esophagus  was  observed  in  two 
Comparisons.  One  Comparison  was  a  non-Black  enlisted  flyer,  and  the  other  Comparison  was  a  non- 
Black  enlisted  groundcrew. 

10.2.2. 1.20  Malignant  Systemic  Neoplasms  ( Brain ) 

Because  of  the  presence  of  a  malignant  systemic  neoplasm  of  the  brain  in  only  one  Ranch  Hand, 
statistical  analysis  was  not  performed.  This  participant  was  a  non-Black  officer. 

10.2.2.1.21  Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum ) 

A  sparse  number  of  participants  exhibited  a  malignant  systemic  neoplasm  of  the  thymus,  heart,  or 
mediastinum,  which  limited  the  analyses.  The  unadjusted  contrasts  analyzed  from  Model  1  were 
nonsignificant  (Table  10-2 1(a):  p>0.32  for  each  contrast).  Model  2  analysis  was  not  performed  because 
no  Ranch  Hands  with  a  malignant  neoplasm  of  the  thymus,  heart,  or  mediastinum  had  an  initial  dioxin 
estimate.  The  Model  3  unadjusted  analysis  revealed  a  marginally  significant  difference  between  Ranch 
Hands  in  the  background  dioxin  category  and  Comparisons  (Table  10-2 1(e):  p=0.089).  Two  Ranch 
Hands  in  the  background  category  had  a  malignant  systemic  neoplasm  of  the  thymus,  heart,  or 
mediastinum  (0.5%),  contrasted  with  zero  Comparisons.  The  Model  4  unadjusted  and  adjusted  analyses 
showed  a  significant  inverse  association  between  1987  dioxin  levels  and  a  malignant  systemic  neoplasm 
of  the  thymus,  heart,  or  mediastinum  (Table  10-21(g,h):  Est.  RR=0.33;  p=0.038;  Adj.  RR=0.31,  p=0.017, 
respectively).  As  1987  dioxin  levels  increased,  the  percentage  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  thymus,  heart,  or  mediastinum  decreased. 
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Table  10-21.  Analysis  of  Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  .  '  .■  .  .  .  :  ,■ 


Occupational 

||||||^o(iip;|:  J  j'^t!  j 

Number  (%) 

If '  Rielatiye  Risk  :  :|if 

-  (95%  CL) 

illl'P’Value; 

AU 

Ranch  Hand 

861 

2  (0.2) 

— 

0.325* 

Comparison 

1,249 

0  (0.0) 

Officer 

Ranch  Hand 

335 

1  (0.3) 

— 

0.845a 

Comparison 

494 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

— 

_ 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

_ 

0.836a 

Groundcrew 

Comparison 

568 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  thymus,  heart,  and  mediastinum. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

■  Occupational  Category  ;  C  L)  *  ■■■  ■  '  ! '  p-Value 

All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 


— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 


(c)  MODKI.  2:  RANCH  HANDS  -  INITIAL  DfOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

i||| ;;  Analysis  Results  for  Log2  (Initial,  pidxih) 

Initial  Number  (%) 

|H||  Di6xin  |  §J|  ||j  "  t|  §§j  IfJ  f 

•  |£sti txia ted:' R<el^tiy<e  Risk  i  -  J! m 

Low  156  0  (0.0) 

Medium  161  0  (0.0) 

High  159  0  (0.0) 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-21.  Analysis  of  Malignant  Systemic  Neoplasms  ( Thymus ,  Heart,  and 
Mediastinum)  (Continued) 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  (95%  CX)  p-Value 


Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%) 

Yes 

.  Est.  Relative  Risk  . 

•  ' '  (95%  C.I.) 

J§Uf{  p-Value 

Comparison 

1,211 

0  (0.0) 

Background  RH 

378 

2  (0.5) 

— 

0.089a 

Low  RH 

234 

0  (0.0) 

— 

— 

High  RH 

242 

0  (0.0) 

— 

— 

Low  plus  High  RH 

476 

0  (0.0) 

— 

— 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  thymus,  heart,  and  mediastinum. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 

V  ,  » l  ’/,/•*''  ^  Adjusted  Relative  Risk 

Dioxin  Category  _  ; ;  n  :  : •  (95%  C.I.)  p- Value 

Comparison 

Background  RH 
Low  RH 
High  RH 

Low  plus  High  RH _ -- _ -- _ -- _ 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thymus,  heart,  and  mediastinum. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-21.  Analysis  of  Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and 
Mediastinum)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

||||  Analysis;Restd^:.for.  Ldg2:(l987-Dioxin  +  1)SQ3NIIB 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk  ■  *  >’■  *•  *  ,  x 

(95%  C.I.)a  p- Value 

Low  286  2  (0.7) 

Medium  282  0  (0.0) 

High  286  0  (0.0) 

0.33(0.12,0.92)  0.038 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  if  BRANCH  HANDS  - 1987  DIOXIN -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Plliilijtp  ::Ai)|iistedReiative!Risk-  m lli Ik; 


p- Value 


847 


0.31  (0.09,1.04) 


0.017 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  a 
malignant  systemic  neoplasm  of  the  thymus,  heart,  and  mediastinum.  Results  are  not  adjusted  for  herbicide 
exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


10.2.2.1.22  Malignant  Systemic  Neoplasms  ( Thyroid  Gland) 

Because  of  the  sparse  number  of  participants  with  a  history  of  a  malignant  systemic  neoplasm  of  the 
thyroid  gland,  analysis  was  limited.  The  Model  1  contrasts  revealed  nonsignificant  differences  between 
Ranch  Hands  and  Comparisons  (Table  10-22(a,b):  p>0.37  for  each). 


Table  10-22.  Analysis  of  Malignant  Systemic  Neoplasms  (Thyroid  Gland) 


(a)  MODEL  1:  RANCH  HANDS  yS|qpMRAKlSONS  -  UNADJUSTED 


Hi  Group 

Number  (%) 

Est'Relative  Risk 

niff.  p-Valii^H^:| 

AU 

Ranch  Hand 

861 

2  (0.2) 

1.45  (0.20,10.33) 

0.710 

Comparison 

1,249 

2  (0.2) 

Officer 

Ranch  Hand 

335 

2  (0.6) 

2.96  (0.27,32.79) 

0.376 

Comparison 

494 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

__ 

— 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

0  (0.0) 

— 

0.999a 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  thyroid  gland. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thyroid  gland. 
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Table  10-22.  Analysis  of  Malignant  Systemic  Neoplasms  (Thyroid  Gland)  (Continued) 


(b)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

H|i|SflQccupatioriai  :Cate^i^|||!1|i- 

y  Adjusted  Relative  Risk  f  |  .. 

(95%  C.I.) 

p-Value 

AU 

1.46(0.20,1039) 

0.708 

Officer 

3.08  (0.28,34.40) 

0.362 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

~ 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thyroid  gland. 

Note:  Results  are  not  adjusted  for  race  and  ionizing  radiation  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  malignant  systemic  neoplasm  of  the  thyroid  gland.  Results  for  all  occupations  combined  also  are  not 
adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
thyroid  gland.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who 
did  not  report  herbicide  exposure. 


(c)  MODEL 2:  RANCH  HANDS -INITIAL DIOXIN -UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  .  n  Yes 

Estimated  Relative  Risk 

.  (95%C.I.)b  p- Value 

0.12(0.01,2.59)  0.046 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  = 

>63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  ADJUSTED 

i'4 ;:;o> if*' r*1 ^  ^  % ' ' £ S' , W,- '*>A<  'r] V;  ••  ? •' '•  S’ •  }y\ £&•!> 

n 

|  Analysis  Results  for  Log2  (Initial  Dioxin) 1 1 ff  Jj § 

| 1  Atyuste^J^IItfy^  Risk  $  Jj.  jffj.  § 1  l  f |yx|  | 

473 

0.12  (0.01,2.84) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  ionizing  radiation  exposure,  and  lifetime  cigarette  smoking 
history  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the  thyroid  gland. 
Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report 
herbicide  exposure. 
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Table  10-22.  Analysis  of  Malignant  Systemic  Neoplasms  (Thyroid  Gland)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS 

BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  (%) 

Est.  Relative  Risk 

!  t .  Dioxin  C^tpry  “ 

‘  Yes 

-  (95%  C.I.)ab  ' 

p- Value 

Comparison 

1,211 

2  (0.2) 

Background  RH 

378 

0  (0.0) 

— 

0.999c 

Low  RH 

234 

2  (0.9) 

5.42  (0.76,38.74) 

0.092 

High  RH 

242 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

476 

2(0.4) 

- 

0.680c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  thyroid  gland. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
thyroid  gland. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


,  'v  |  V  :  ‘  -.4  /  h  £  \  \  »  j  *  l'\  "  Adjusted  Relative  Riglfr  w '  *  v£  4tJ  t  N‘v*  >  '/ 

Dioxin  Category  n  (95%  C.L)a  p-Value 


Comparison 

1,209 

Background  RH 

375 

— 

~ 

Low  RH 

232 

5.18(0.71,37.60) 

0.104 

High  RH 

240 

— 

— 

Low  plus  High  RH 

472 

-- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
thyroid  gland. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race,  occupation,  and  ionizing  radiation  exposure  because  of  the  sparse  number  of 
Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the  thyroid  gland.  Results  are  not  adjusted  for  herbicide 
exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 
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Table  10-22.  Analysis  of  Malignant  Systemic  Neoplasms  (Thyroid  Gland)  (Continued) 


(g)  MODEL 4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Dioxin  n  Yes 

H; •"  ;iEstimatied  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  286  0  (0.0) 

Medium  282  2  (0.7) 

High  286  0  (0.0) 

0.90  (0.34,2.40)  0.832 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  :  (95%  CX)a  p-Value 

_ 848 _ 0.95  (0.34,2.70) _  0.925  _ 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  ionizing  radiation  exposure,  and  lifetime  cigarette  smoking 
history  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the  thyroid  gland. 
Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report 
herbicide  exposure. 


A  significant  inverse  association  between  initial  dioxin  and  a  malignant  systemic  neoplasm  of  the  thyroid 
gland  was  found  from  the  Model  2  unadjusted  analysis  (Table  10-22(c):  Est.  RR=0.12,  p=0.046).  After 
adjustment  for  covariates,  the  result  was  marginally  significant  (Table  10-22(d):  Adj.  RR=0.12,  p=0.059). 

A  marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons 
was  observed  in  the  unadjusted  Model  3  analyses  (Table  10-22(e):  Est.  RR=5.42,  p=0.092).  The 
occurrence  of  a  malignant  systemic  neoplasm  of  the  thyroid  gland  was  higher  for  Ranch  Hands  in  the  low 
dioxin  category  than  for  Comparisons.  The  difference  was  nonsignificant  after  adjustment  for  covariates 
(Table  10-22(f):  p=0.104).  All  other  Model  3  contrasts,  as  well  as  the  Model  4  analyses,  were 
nonsignificant  (Table  10-22(e,g-h):  p>0.68  for  all  remaining  analyses). 

10.2.2 . 1.23  Malignant  Systemic  Neoplasms  ( Bronchus  and  Lung) 

Because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the  bronchus  or 
lung,  analysis  was  limited.  The  unadjusted  Model  1  analysis  revealed  a  significant  difference  between 
Ranch  Hands  and  Comparisons  when  examined  across  all  occupations  (Table  10-23(a):  Est.  RR=4.88, 
p=0.008).  The  results  were  marginally  significant  after  adjustment  for  covariates  (Table  10-23(b): 

Adj.  RR=3.66,  p=0.070).  All  other  Model  1  contrasts  were  nonsignificant  (Table  10-23(a,b):  p>0.1 1). 
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Table  10-23.  Analysis  of  Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

Group 

K  j  -['nv;  ;v 

Number  (%) 

•:  :;Yes.:;; 

§|  Est  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

861 

10  (1.2) 

4.88(1.34,17.79) 

0.008 

Comparison 

1,249 

3  (0.2) 

Officer 

Ranch  Hand 

335 

5(1.5) 

3.73  (0.72,19.33) 

0.117 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

3  (2.0) 

3.82  (0.39,37.13) 

0.248 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

377 

2  (0.5) 

__ 

0.3 10a 

Groundcrew 

Comparison 

568 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  malignant  systemic  neoplasm  of  the  bronchus  and  lung. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 

bronchus  and  lung. 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Miliiliiaii 

IlSJtJllflj  Adjusted  Relative  Risk  § 

IlSSlilliliil 

j|  Bf  OccupationalCategory 

HiSplijsil 

||g||i||iB||||# 

All 

3.66(0.78,17.13) 

0.070 

Officer 

3.51  (0.57,21.64) 

0.176 

Enlisted  Flyer 

2.58  (0.21,31.26) 

0.456 

Enlisted  Groundcrew 

- 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
bronchus  and  lung. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  the  bronchus  and  lung. 


(c)  MOD1X  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1®  ||  Initial  Dioxin  Category  Summary  Statistics 

f<  ’j  Analysis  Results  for  Log2  (Initial  Dioxin)8  ^  ~ 

^  1  Initial  If  III  fill  Number  (%)  ;f  111 

j|;  Estimated  Relative  Risk  £  J,  I  A  *1 

(95%C.I.)b  p  Value 

Low  156  4  (2.6) 

Medium  161  4  (2.5) 

High  159  0  (0.0) 

0.46  (0.20,1.04)  0.030 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-23.  Analysis  of  Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 
(Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%  CL)*  ■ 

p-Value  |  :  |  | 

472 

0.53  (0.21,1.34) 

0.144 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  bronchus  and  lung.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of 
Ranch  Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Est.  Relative  Risk 

Z  (95%  CX)ab 

p-Value 

Comparison 

1,211 

3  (0.3) 

Background  RH 

378 

2(0.5) 

2.14  (0.35,12.94) 

0.408 

Low  RH 

234 

8(3.4) 

14.26  (3.75,54.20) 

<0.001 

High  RH 

242 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

476 

8  (1.7) 

-- 

0.003c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  bronchus  and  lung. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
bronchus  and  lung. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-23.  Analysis  of  Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 
(Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

'  n''  *•; 

Adjusted  Relative  Risk 
:  *  ;;y  !  *  (95%  C.I.)a  .  -  ' 

lj|l ;  f  pJ*Value:  -  |Sl|i  1 1||| 

Comparison 

1,209 

Background  RH 

375 

1.52(0.21,11.09) 

0.678 

Low  RH 

232 

8.67(1.74,43.23) 

0.008 

High  RH 

240 

— 

— 

Low  plus  High  RH 

472 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
bronchus  and  lung. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  the  bronchus  and  lung. 


(s)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

'  i  '  -  ■■  '  '  ■■  '■ 

Ig  1 19870ibxih  Category  Summary  Statistics  : 

Analysis  Results  for  Log*  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%CX)a  V  p- Value  '  ■ 

WSB 

0.98  (0.64,1.50)  0.915 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 


.  AnalysisJResults  fpr  Logi  (1987  Dioxin  + 1) 


p*  Value 


847 


1.15(0.63,2.11) 


0.638 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  bronchus  and  lung.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of 
Ranch  Hands  who  did  not  report  herbicide  exposure. 
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The  Model  2  analysis  of  a  malignant  systemic  neoplasm  of  the  bronchus  and  lung  revealed  a  significant 
inverse  association  with  initial  dioxin  (Table  10~23(c):  Est.  RR=0.46,  p=0.030).  After  adjustment  for 
covariates,  the  association  was  nonsignificant  (Table  10-23(d):  p=0.144). 

A  significantly  greater  percentage  of  Ranch  Hands  in  the  low  dioxin  category  had  a  malignant  systemic 
neoplasm  of  the  bronchus  and  lung  than  Comparisons  in  both  the  unadjusted  and  adjusted  Model  3 
analyses  (Table  10-23(e):  Est.  RR=14.26,  pcO.OOl;  Adj.  RR=8.67,  p=0.008,  respectively).  The  Model  4 
unadjusted  and  adjusted  analyses  of  malignant  systemic  neoplasms  of  the  bronchus  and  lung  revealed 
nonsignificant  results  (Table  10-23(g,h):  p=0.638). 

10.2.2. 1.24  Malignant  Systemic  Neoplasms  (Liver) 

Because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the  liver,  analysis 
was  limited.  All  Model  1  analyses  were  nonsignificant  (Table  10-24(a,b):  p>0.65).  Results  from  the 
Model  2  analysis  of  malignant  systemic  neoplasms  of  the  liver  also  were  nonsignificant  (Table 
1 0-24(c,d) :  p>0. 14  for  all  analyses). 


Table  10-24.  Analysis  of  Malignant  Systemic  Neoplasms  (Liver) 


(^MOPEEI: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  $  1 1|  | 

T  Occupational 

/^^Gategoty  4  , 

Number  (%) 

Yes  ( 

Est.  Relative  Risk  ||  f 

■  :  x  ' 

All 

Ranch  Hand 

861 

2  (0.  2) 

1.45  (0.20,10.33) 

0.710 

Comparison 

1,249 

2  (0.2) 

Officer 

Ranch  Hand 

335 

0  (0.0) 

~ 

0.999a 

Comparison 

494 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

__ 

0.909a 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

1.51  (0.09,24.18) 

0.772 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  malignant  systemic  neoplasm  of  the  liver. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 

liver. 

(b)  MODEL  X: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED  J  |  §gg§|  §j  jj  1 1 1 

lllillittll 

Adjusted  Relative  Risk 

:  j  >(  ^  t  \  U 

H Ijjjgl  Occupational  Category  | J 

.  ■'  v:' 

All 

1.57  (0.22,11.35) 

0.655 

Officer 

__ 

__ 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

1.72  (0.11,27.93) 

0.703 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
liver. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  the  liver.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands 
who  did  not  report  herbicide  exposure. 
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Table  10-24.  Analysis  of  Malignant  Systemic  Neoplasms  (Liver)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8  •; 

k  >  VJIijifial  «  *  |  |  |  {;>§  |  i|;|  *"NuinberJ(^%>)  | 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  156  0  (0.0) 

Medium  161  1  (0.6) 

High  159  1  (0.6) 

1.76(0.73,4.22)  0.231 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

SIIISS 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 

(95%  CIO* 

|jj| i||  p*  Value  III  Jltlllf ! Illlf 

472 

2.06  (0.82,5.15) 

0.140 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  and  ionizing  radiation  exposure  because  of  the  sparse  number  of 
participants  with  a  malignant  systemic  neoplasm  of  the  liver.  Results  are  not  adjusted  for  herbicide  exposure 
because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


||li|:;dD|iqiihCategory 

'  n  . 

f .  Number  (%)  : 

Yes 

EsL  Relative Risk 
(95  %  C.I.)ob 

Comparison 

1,211 

2  (0.2) 

Background  RH 

378 

0  (0.0) 

~ 

0.999c 

Low  RH 

234 

0  (0.0) 

— 

0.999c 

High  RH 

242 

2  (0.8) 

5.70  (0.78,41.53) 

0.086 

Low  plus  High  RH 

476 

2(0.4) 

- 

0.680c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  liver. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  the 
liver. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-24.  Analysis  of  Malignant  Systemic  Neoplasms  (Liver)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


[  ||{:  |  Dioxin  Category  j 

,  n 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value 

Comparison 

1,209 

Background  RH 

375 

— 

— 

Low  RH 

232 

— 

— 

High  RH 

240 

7.06  (0.70,71.25) 

0.098 

Low  plus  High  RH 

472 

— 

__ 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
liver. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  liver.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch 
Hands  who  did  not  report  herbicide  exposure. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics  ; 

1  /|-4 Analysis  Results  focL6g2  (19 

87  Dioxin  +  1)  S' 

1987 

Number  (%)  ' 

,  |  Estimated  Relative  Risk  f  |  J  ||§jf 

Slllllii 

•  Yes  ‘ 

•  (95%C.I.)a 

Low 

286 

0  (0.0) 

2.10(0  92,4.78) 

0.080 

Medium 

282 

0  (0.0) 

High 

286 

2  (0.7) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


>  (h)  MODEL  4;  RANCH  H^NBS  -  1987DIOXIN  -  ADJUSTED  ; ,?  1  Mvf 

RNMI  KRIHHi  Ana^p  (1987  Dioxin + 1)  ;  <] 

Adjusted  Relative  Risk 

847  2.52(1.03,6.15) 

0.042 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  and  ionizing  radiation  exposure  because  of  the  sparse  number  of 
participants  with  a  malignant  systemic  neoplasm  of  the  liver.  Results  are  not  adjusted  for  herbicide  exposure 
because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 
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The  unadjusted  and  adjusted  Model  3  analyses  displayed  a  marginally  significant  difference  between 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  10-24(e,f):  Est.  RR=5.70,  p=0.086; 
Adj.  RR=7.06,  p=0.098,  respectively).  The  percentage  of  Ranch  Hands  in  the  high  dioxin  category  with  a 
malignant  systemic  neoplasm  of  the  liver  was  greater  than  the  percentage  of  Comparisons.  The  results  in 
all  other  Model  3  unadjusted  analyses  were  nonsignificant  (Table  10-24(e):  p>0.68). 

The  Model  4  unadjusted  analysis  revealed  a  marginally  significant  positive  association  between  1987 
dioxin  levels  and  a  malignant  systemic  neoplasm  of  the  liver  (Table  10-24(g):  Est.  RR=2.10,  p=0.080). 
After  adjustment  for  covariates,  the  result  was  significant  (Table  10-24(h):  Est.  RR=2.52,  p=0.042). 

1 0. 2.2. 1.25  Malignant  Systemic  Neoplasms  ( Colon  and  Rectum ) 

All  results  from  the  analyses  of  malignant  systemic  neoplasms  of  the  colon  and  rectum  from  Models  1,  2, 
and  4  were  nonsignificant  (Table  10-25(a-d,g-h):  p>0.29  for  each  analysis). 


Table  10-25.  Analysis  of  Malignant  Systemic  Neoplasms  (Colon  and  Rectum) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational  ?j 
Category 

Number  (%)  jjfjff 

S1S111IIIII1 

;  Est  Relative  Risk  Ijhl 
(95%  CX) 

All 

Ranch  Hand 

861 

7(0.8) 

1.27(0.46,3.52) 

0.645 

Comparison 

1,249 

8  (0.6) 

Officer 

Ranch  Hand 

335 

3  (0.9) 

2.22  (0.37,13.38) 

0.383 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

2(1.3) 

1.26  (0.18,9.04) 

0.819 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

377 

2  (0.5) 

0.75  (0.14,4.13) 

0.743 

Groundcrew 

Comparison 

568 

4  (0.7) 

:  >& *1  Ifv  iff#  li/HR  ■ ;  '0! !>  jicu<V.lL- f  fe 


Adjusted  Relative  Risk 


§|||l Occupational  Category  • 

(95%  CX) 

WmmM iSHMiiSiii! 

All 

1.50(0.41,5.47) 

0.536 

Officer 

2.59  (0.37,17.95) 

0.335 

Enlisted  Flyer 

1.57  (0.19,13.30) 

0.678 

Enlisted  Groundcrew 

0.85  (0.13,5.78) 

0.872 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  the  colon  and  rectum. 


10-78 


Table  10-25.  Analysis  of  Malignant  Systemic  Neoplasms  (Colon  and  Rectum)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS- INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Initial  Number (%). 

Dioxin  n  Yes 

Estimated  Relative  Risk  :  1 1 1  jj| 

(95%  C.I.)b  p- Value 

0.76(0.39,1.49)  0.405 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

n  ; 

(95%  C.I.)a 

■  ’  p-Value 

472 

0.93  (0.42,2.07) 

0.855 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  colon  and  rectum.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of 
Ranch  Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

fillip 

Number  (%) 

Esk  Relative  Risk 

Dioxin  Category 

iliittlilil 

Jjgft '  (95%  C.I.)ab 

p-Value 

Comparison 

1,211 

8  (0.7) 

Background  RH 

378 

I  (0.3) 

0.49  (0.06,3.94) 

0.500 

Low  RH 

234 

5  (2.1) 

3.02  (0.97,9.45) 

0.057 

High  RH 

242 

1  (0.4) 

0.51  (0.06,4.15) 

0.528 

Low  plus  High  RH 

476 

6(1.3) 

1.22  (0.33,4.51) 

0.764 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-25.  Analysis  of  Malignant  Systemic  Neoplasms  (Colon  and  Rectum )  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-ADJUSTED 

Adjusted  Relative  Risk  /  ^ 

Dioxin  Category 

f  §||jpfi|ii  i  mi 

(95%  CX)a  : 

flji  p-Valiie  \f|tSt|i§li 

Comparison 

Background  RH 

375 

0.60  (0.06,5.76) 

0.658 

Low  RH 

232 

3.28  (0.77,13.90) 

High  RH 

0.57  (0.05,5.85) 

Low  plus  High  RH 

472 

1.34  (0.27,6.56) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  the  colon  and  rectum. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

:  Statist!  csttjj 

Analysis  Residts  I^J^0:(1987 Dioxin- + 

Dioxin 

Number  (%) 
n  Yes 

(95%  C.I.)a  p- Value  '  . 

Low 

Medium 

High 

IBi 

.7  "Mm 

1.18  (0.74,1.91)  0.495 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 


p-Va!ue 


847 


1.44  (0.72,2.86) 


0.291 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  colon  and  rectum.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of 
Ranch  Hands  who  did  not  report  herbicide  exposure. 


The  Model  3  unadjusted  analysis  of  malignant  systemic  neoplasms  of  the  colon  and  rectum  displayed  a 
marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons. 

The  occurrence  of  a  malignant  systemic  neoplasm  of  the  colon  and  rectum  was  higher  for  Ranch  Hands  in 
the  low  dioxin  category  than  for  Comparisons  (Table  10-25(e):  Est.  RR=3.02,  p-0.057).  The  result  was 
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nonsignificant  after  adjustment  for  covariates  (Table  10-25(f):  p=0.107).  All  other  Model  3  contrasts 
were  nonsignificant  (Table  10-25(e,f):  p>0.50). 

10. 2.2. 1.26  Malignant  Systemic  Neoplasms  ( Kidney  and  Bladder) 

Because  of  the  sparse  number  of  participants  with  a  history  of  a  malignant  systemic  neoplasm  of  the 
kidney  or  bladder,  analysis  was  limited.  Across  all  occupations,  the  difference  between  Ranch  Hands  and 
Comparisons  was  significant,  with  more  malignant  systemic  neoplasms  of  the  kidney  and  bladder 
occurring  in  Ranch  Hands  than  in  Comparisons  (Table  10-26(a):  Est.  RR=2.68,  p=0.046).  After 
adjustment  for  covariates,  the  result  was  marginally  significant  (Table  10-26(b):  Adj.  RR=3.12, 
p=0.061).  All  other  Model  1  contrasts,  as  well  as  the  results  from  the  Model  2  and  Model  4  analyses, 
were  nonsignificant  (Table  10-26(a-d,g-h):  p>0.17). 


Table  10-26.  Analysis  of  Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

|  Occupational 

iiiwiisil 

Number  (%) 

lll!lll!ll! 

'Est  Relative  Risk’" f|fl| 
(95%  C.l.)  ■ 

p-Value 

All 

Ranch  Hand 

861 

11  (1.3) 

2.68(0.99,7.28) 

0.046 

Comparison 

1,249 

6  (0.5) 

Officer 

Ranch  Hand 

335 

5(1.5) 

1.48  (0.43,5.16) 

0.537 

Comparison 

494 

5  (1.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

3  (2.0) 

— 

0.172a 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

3  (0.8) 

4.55  (0.47,43.89) 

0.190 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  malignant  systemic  neoplasm  of  the  kidney  and  bladder. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 

kidney  and  bladder. 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

|||J|§g§l  Adjusted  Relative  Risk 

Occupational  Category 

(95%  C.l.) 

All 

3.12  (0.88,11.04) 

0.061 

Officer 

1.86  (0.43,8.16) 

0.409 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

4.20  (0.36,49.46) 

0.254 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
kidney  and  bladder. 
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Table  10-26.  Analysis  of  Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

-?kwihmbmi 

0.72  (0.37,1.41)  0.312 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

??  i  ,<  '  4  A^usted^Rfela^ye !Riskn- |  i  ^ ~  ^ *  £  ;\|xt  | 

n  (95%  C.I.)a  p  Value 

_ 472 _ 1.05  (0.47,2.38) _ 0.899 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


(e)  MODEL  3:  HANCH  HANDS  AND  COMPARISONS  BYDIOXIN  CATEGORY 

Dioxin  Category 

IISSliM  iig| 

Number  (%) 

§f|: 

Est  Relative  Risk 
•:  (95%:c.l.)ab  : 

| J  ;|  ||§  |S  §  p-yalue  >l  1 

Comparison 

1,211 

6  (0.5) 

Background  RH 

378 

4(1.1) 

2.04  (0.57,7.34) 

0.273 

Low  RH 

234 

5(2.1) 

4.44(1.34,14.69) 

0.015 

High  RH 

242 

2  (0.8) 

1.75  (0.35,8.75) 

0.497 

Low  plus  High  RH 

476 

7(1.5) 

2.76  (0.87,8.80) 

0.085 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-26.  Analysis  of  Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 
( Continued ) 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%  C.L)a  : 

p-Value 

Comparison 

1,209 

Background  RH 

375 

2.26  (0.49,10.35) 

0.292 

Low  RH 

232 

4.44(1.04,18.95) 

High  RH 

240 

3.26  (0.46,23.17) 

Low  plus  High  RH 

472 

3.80  (0.88,16.46) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

' jiXyl vi I  Analysis  Results  for'Uog2  (l^TI^oxin  ^)||||||^|| 

1987  Number  (%)  - 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  CX)a  '  p-Value 

B  WMMi 

iBls 

1.03(0.69,1.53)  0.902 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

847  1.14(0.66,1.96) 

0.634 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


A  significantly  greater  percentage  of  Ranch  Hands  in  the  low  dioxin  category  had  a  malignant  systemic 
neoplasm  of  the  kidney  and  bladder  than  Comparisons  in  both  the  unadjusted  and  adjusted  Model  3 
analyses  (Table  10-26(e,f):  Est.  RR=4.44,  p=0.015;  Adj.  RR=4.44,  p=0.044,  respectively).  The  results 
were  marginally  significant  when  Ranch  Hands  in  the  low  and  high  dioxin  categories  were  combined 
(Table  10-26(e,f):  Est.  RR=2.76,  p=0.085;  Adj.  RR=3.80,  p=0.075,  respectively).  All  other  Model  3 
contrasts  were  nonsignificant  (Table  10-26(e,f):  p>0.23). 
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10.2.2.1.27  Malignant  Systemic  Neoplasms  (Prostate) 

All  results  from  the  Model  1  analysis  of  malignant  systemic  neoplasms  of  the  prostate  were 
nonsignificant  (Table  10-27(a,b):  p>0.15). 

A  significant  inverse  association  between  initial  dioxin  and  malignant  systemic  neoplasms  of  the  prostate 
was  found  in  the  unadjusted  Model  2  analysis  (Table  10~27(c):  Est.  RR=0.52,  p=0.007).  After 
adjustment  for  covariates,  the  association  was  nonsignificant  (Table  10-27(d):  p=0.254). 


Table  10-27.  Analysis  of  Malignant  Systemic  Neoplasms  (Prostate) 


||MfODEL.l:; 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

!|ili|WRp|8| 

v":;;n;;.  1; 

•<;  Number  (%) 

Yes  |f§§| 

.  Est.  Relative.  Risk  ||t]§ 
(95%  CX) 

It |i 

All 

Ranch  Hand 

861 

26(3.0) 

0.97(0.58,1.60) 

0.893 

Comparison 

1,249 

39  (3.1) 

Officer 

Ranch  Hand 

335 

13  (3.9) 

0.76  (0.38,1.50) 

0.427 

Comparison 

494 

25  (5.1) 

Enlisted  Flyer 

Ranch  Hand 

149 

7  (4.7) 

2.26  (0.65,7.86) 

0.201 

Comparison 

187 

4(2.1) 

Enlisted 

Ranch  Hand 

377 

6(1.6) 

0.90  (0.33,2.50) 

0.844 

Groundcrew 

Comparison 

568 

10(1.8) 

(b)  MOEfEL  1; 

RANCHtt^ 

;  vs.  com 

PARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

S  BH i  ’Occupational  Gafegor^ 

.  (95%  c.r.) 

p-Value  ; 

All 

0.69  (0.38,1.25) 

0.219 

Officer 

0.58  (0.27,1.22) 

0.151 

Enlisted  Flyer 

1.54  (0.41,5.75) 

0.521 

Enlisted  Groundcrew 

0.59(0.19,1.84) 

0.360 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

,  ;  f  * |  Initial  Dioxin  Category  Summary  Statistics  rfjtA 

1||  1  Analysis  Results  for  Log2  (Initial  Dioxin)8  1 1|  §  f 

1 11  Initial  §  |i  | 

If® TMoXin  |  1 1  Hj  j  f  f 1  ||js  ?  Yes  1  jigjl  ||| ' 

Estimated  Relative  Risk  |  if  jf f  p  1  ’t  | 

(95%  C.I.)6  p-Valuc  : 

0.52  (0  30,0.89)  0.007 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-27.  Analysis  of  Malignant  Systemic  Neoplasms  (Prostate)  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

f  v  '5 ‘  Analysis Res^ilfe for  Logi  (InibalDioxin) 

ff-  IPS  AdjustedRelative  Risk  |  J  *  !  ; 

lilllllSIlllIil 

p-Value 

472 

0.68  (0.33,1.37) 

0.254 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic 
neoplasm  of  the  prostate.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch 
Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

■  ’  n.  :  •  ■ 

Yes  -  (95%  C.I.)ab  ;  ‘ 

UJ|(  |§!j|  p- Value  :|  |  HU 

Comparison 

1,211 

39  (3.2) 

Background  RH 

378 

9(2.4)  0.73(0.35,1.52) 

0.398 

Low  RH 

234 

12(5.1)  1.63(0.84,3.16) 

High  RH 

242 

4(1.7)  0.51(0.18,1.44) 

Low  plus  High  RH 

476 

16(3.4)  0.90(0.46,1.75) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt, 

10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

£ltp: Adjusted  Relative- Risk:,:. 

1 1 1  Dioxin  Category 

(95%  C.I.)a  ■ .  . 

p- Value  . 

Comparison 

1,209 

Background  RH 

375 

0.48  (0.21,1.07) 

0.072 

Low  RH 

232 

0.91  (0.42,1.97) 

High  RH 

240 

0.61  (0.19,1.93) 

Low  plus  High  RH 

472 

0.75  (0.35,1.60) 

0.453 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-27.  Analysis  of  Malignant  Systemic  Neoplasms  (Prostate)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|i  <  /  ‘  ?  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  :  »  - ! 

1987  Number  (%) 

Dioxin  n  Yes 

(95%  C.I.)a  p- Value 

0.82(0.62,1.10)  0.182 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


HMDS-  IMIDIOMM-  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Risk  ' 

\  (95%  C.I.)a 


p- Value 


847 


0.83  (0.56,1.23) 


0.353 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


The  Model  3  adjusted  analysis  revealed  a  marginally  significant  difference  in  malignant  systemic 
neoplasms  of  the  prostate  between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons 
(Table  10-27 (f):  Adj.  RR=0.48,  p=0.072).  More  Comparisons  than  Ranch  Hands  had  a  malignant 
systemic  neoplasm  of  the  prostate.  All  other  Model  3  contrasts  and  the  results  from  the  Model  4  analyses 
were  nonsignificant  (Table  10-27(e-h):  p>0.15  for  all  remaining  analyses). 

10.2.2.1.28  Malignant  Systemic  Neoplasms  ( Testicles ) 

Because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the  testicles,  analysis 
was  limited.  All  Model  1  analyses  were  nonsignificant  (Table  10-28(a):  p>0.13  for  each  contrast 
examined).  Results  from  Model  2  analyses  also  were  nonsignificant  (Table  10-28(c,d):  p>0.41). 
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Table  10-28.  Analysis  of  Malignant  Systemic  Neoplasms  (Testicles) 


;  (a)  1V10DEL  1 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational, | 

wimmism 

Group 

n 

Number  (%) 

Yes  II 

EsLRelative  Risk  fjpl 
(95%  CX) 

p- Value  >|p:  || 

All 

Ranch  Hand 

861 

3(0.4) 

— 

0.134“ 

Comparison 

1,249 

0  (0.0) 

Officer 

Ranch  Hand 

335 

1  (0.3) 

— 

0.8453 

Comparison 

494 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

— 

0.909a 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

— 

0.836a 

Groundcrew 

Comparison 

568 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  testicles. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
testicles. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

IllSl  1  ?  Ahi  I  it 

!iiS!  Adjusted  Relative  Rislc  M 

(95%  C.I.)  .  ■ 

p- Value 

All 

- 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
testicles. 


u)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

|  Initial  Dioxin  Category  Summary  Statistics 

AnalysisResults  for  Log2  (Initial  Dioxin)a  |  |  >y. 

i||  Initial  |g|  Number(%)  l|gg# 

|  iff! ||ii|)ul Jf  |§ij | '‘f'IJnpf  j|j 

(95%  G.I.)b  ■-  /:V  ’  .  p-Valuc  - 

0.65  (0.21,1.98)  0.413 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-28.  Analysis  of  Malignant  Systemic  Neoplasms  (Testicles)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS 

-  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)  pi 

Adjusted  Relative  Risk 

n 

(95%  CX)a  ■  ■ 

p- Value 

472 

0.77  (0.22,2.64) 

0.663 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  ionizing  radiation  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  malignant  systemic  neoplasm  of  the  testicles.  Results  are  not  adjusted  for  herbicide  exposure  because 
of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

^|i|||g||||l|||| 

:  n 

Number (%) 

i  ?a#§§i  1 1 

Est.  Relative  Risk  J| 
|  f  |  (95%  CX) 

H 1  §|1  il  p-Valde;;r '  ;  »||§Jf 

Comparison 

1,211 

0  (0.0) 

Background  RH 

378 

0  (0.0) 

— 

_ 

Low  RH 

234 

2  (0.9) 

— 

High  RH 

242 

1  (0.4) 

~ 

Low  plus  High  RH 

476 

- 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  the  testicles. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
testicles. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  .MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Hi  5  Dioxin^Category j§j  V 

Comparison 

- 

Background  RH 

Low  RH 

- 

High  RH 

Low  plus  High  RH 

— 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the 
testicles. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-28.  Analysis  of  Malignant  Systemic  Neoplasms  (Testicles)  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

‘  '  1987Didxirt  Category  Summary  Statistics 

’  v;  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  _l 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  CX)a  p- Value 

Low  286  0  (0.0) 

Medium  282  1  (0.4) 

High  286  2  (0.7) 

1.22(0.59,2.50)  0.599 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

Risk  J  jg|if  | 


p-  Value 


847 


1.35  (0.543-37) 


0.517 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  and  ionizing  radiation  exposure  because  of  the  sparse  number  of  Ranch 
Hands  with  a  malignant  systemic  neoplasm  of  the  testicles.  Results  are  not  adjusted  for  herbicide  exposure  because 
of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


Significant  differences  were  found  in  the  unadjusted  Model  3  analysis  between  Ranch  Hands  in  the  low 
dioxin  category  and  Comparisons,  and  between  Ranch  Hands  in  the  low  plus  high  dioxin  category  and 
Comparisons  (Table  10-28(e,f):  p=0.024  and  p=0.034,  respectively).  More  Ranch  Hands  had  a 
malignant  systemic  neoplasm  of  the  testicles  than  did  Comparisons.  The  adjusted  Model  3  analysis  was 
not  possible  because  of  the  sparse  number  of  neoplasms  of  the  testicles.  The  remaining  unadjusted  Model 
3  contrast  and  the  Model  4  analyses  were  nonsignificant  (Table  10-28(e,g-h):  p>0.37  for  each  remaining 
analysis). 

10.2.2.1.29  Malignant  Systemic  Neoplasms  (Extrahepatic  Bile  Duct) 

Because  of  the  presence  of  a  malignant  systemic  neoplasm  of  the  extrahepatic  bile  duct  in  only  one  Ranch 
Hand,  statistical  analysis  was  not  possible.  This  participant  was  a  non-Black  enlisted  flyer. 

10.2.2.1.30  Malignant  Systemic  Neoplasms  (Ill-Defined  Sites ) 

Only  one  Comparison  had  a  malignant  systemic  neoplasm  of  ill-defined  sites,  which  precluded  statistical 
analysis.  This  Comparison  was  a  non-Black  enlisted  flyer. 

10.2.2.1.31  Malignant  Systemic  Neoplasms  ( Connective  and  Other  Soft  Tissues ) 

Because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of  the  connective  or 
other  soft  tissues,  analysis  was  limited.  All  results  from  the  analyses  performed  were  nonsignificant 
(Table  10-29(a-h):  p>0.15  for  each  analysis). 
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Table  10-29.  Analysis  of  Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft  Tissues) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

mmmun 

Group 

Number  (%) 

Yes 

Est  Relative  Risk 
(95%  CL)  ; 

p- Value 

All 

Ranch  Hand 

861 

1(0-1) 

0.73  (0.07,8.01) 

0.790 

Comparison 

1,249 

2  (0.2) 

Officer 

Ranch  Hand 

335 

0  (0.0) 

__ 

_ 

Comparison 

494 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

— 

0.909a 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

0  (0.0) 

— 

0.667a 

Groundcrew 

Comparison 

568 

2(0.4) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  connective  and  other  soft  tissues. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of 
connective  and  other  soft  tissues. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Hill  lip 

||||:|;:fiAdJusfedLRelative/Risk  ^ 

(95%  C.I ) 

p- Value 

AU 

0.79(0.05,12.82) 

0.870 

Officer 

_ 

„ 

Enlisted  Flyer 

__ 

_ 

Enlisted  Groundcrew 

— 

__ 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  malignant  systemic  neoplasm  of 
connective  and  other  soft  tissues. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  connective  and  other  soft  tissues. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

I  |  11 i  !  1  Initial  Dioxin  Category  Summary,  Statistics 

.  -  ;v:-. ■■W-;  '■ 

|  §#  AnalysisReSults  for  Log2  (Initial  Dioxin)*  1  Vl  1 

*  '  v  i  Initial, ;  j  4  V '  j>bimI>eL($>)  i  '  rV 

51  ,.*■<%  £ .W4  F  ■a'1*/**  f  V  l  SVt  .f-»~ .  »-  1  * 

?  |  EstimatedRelative  Risk  M  |  fM 

(95%  C.I.)"  V  p- Value 

Low  156  0(0.0) 

Medium  161  0(0.0) 

High  159  1  (0.6) 

2.44  (0.70,8.47)  0.168 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-29.  Analysis  of  Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft 
Tissues)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Iff  Analy^i^ReSuits'fo^^gj;: (Initial  Dioxin);. . • ' . | fi ' J ||j ' f 1 ' |  §g 1 ' t |[ :§f |j  II |ll| j|l| 

Adjusted  Relative  Risk 

(95%  C.I.)a  p-Value 

V'V  t 

475 _ 2.39  (0.68,8.37) _ 0.179 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  age,  race,  occupation,  ionizing  radiation  exposure,  and  lifetime  alcohol  history 
because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  connective  and  other  soft 
tissues.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


mm HANDS  COMPMISOISIS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


pi  fi  Drqijji*Categoiry%  &  \  j 

n  '  •  - 

Yes  ; 

||||||:(|5®<|E|f:|||||j| 

p-Value 

Comparison 

1,211 

2  (0.2) 

Background  RH 

378 

0  (0.0) 

-- 

0.999c 

Low  RH 

234 

0  (0.0) 

— 

0.999c 

High  RH 

242 

1  (0.4) 

2.34  (0.21,26.43) 

0.493 

Low  plus  High  RH 

476 

1  (0.2) 

~ 

0.999c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  malignant  systemic  neoplasm  of  connective  and  other  soft  tissues. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
connective  and  other  soft  tissues. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-29.  Analysis  of  Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft 
Tissues)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-ADJUSTED 

n 

Adjusted  Relative  Risk  .  t  ‘  <  i 

(95%  C.I.)a 

p- Value 

Comparison 

1,209 

Background  RH 

375 

— 

Low  RH 

232 

~ 

— 

High  RH 

240 

3.17(0.17,57.71) 

0.436 

Low  plus  High  RH 

472 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
connective  and  other  soft  tissues. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|  !  f  >!  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  t  |  f 

1987  Number  (%) 

Dioxin  ■  n  '  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  ,  p- Value  ' 

Low  286  6  (0.0) 

Medium  282  0  (0.0) 

High  286  1  (0.4) 

2.36  (0.73,7.65)  0.151 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

|  it,  ||  Analysis  Results  for  Log*  (1987  pioxin  +  1) 

liillBllililHlIB  IsHH 

852  2.36  (0.72,7.79) 

0.155 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  age,  race,  occupation,  ionizing  radiation  exposure,  and  lifetime  alcohol  history 
because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of  connective  and  other  soft 
tissues.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 
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10.2.2.1.32  Carcinoma  In  Situ  (Penis) 

Because  of  the  presence  of  carcinoma  in  situ  of  the  penis  in  only  one  Comparison  and  no  Ranch  Hands, 
statistical  analysis  was  not  performed.  The  Comparison  was  a  non-Black  enlisted  groundcrew. 

1 0. 2.2. 1.33  Hodgkin ’s  Disease 

Because  of  the  sparse  number  of  participants  with  a  history  of  Hodgkin’s  disease,  analysis  was  limited. 
All  results  were  nonsignificant  (Table  10-30(a-h):  p>0.29  for  each  analysis). 


Table  10-30.  Analysis  of  Hodgkin’s  Disease 


(ayM6f>EL;i:  J  Rjk^HfHANDS  VSl  COMPARISONS  -  UNADJUSTED 


Number  (%) 

:  Yes 

Esfc  Relative  Risk  .  jjflf 

|U|  p^YalUe  j  jf 

All 

Ranch  Hand 

861 

0.48(0.05,4.65) 

0.507 

Comparison 

1,249 

3  (0.2) 

Officer 

Ranch  Hand 

335 

1  (0.3) 

0.74  (0.07,8.16) 

0.803 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

~ 

— 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

— 

0.9993 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  Hodgkin’s  disease. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 


HANDS  VS.  COMPARISONS  -  ADJUSTED  4  ; 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I/) 

* :  5  r  3'’  1  i  >  l  t * 

AU 

0.29  (0.03,3.23) 

0.291 

Officer 

0.47  (0.04,5.86) 

0.554 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

-- 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  Hodgkin’s  disease. 
Results  for  all  occupations  combined  also  are  not  adjusted  for  occupation  because  of  the  sparse  number  of 
participants  with  Hodgkin’s  disease. 
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Table  10-30.  Analysis  of  Hodgkin’s  Disease  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Ini tiaUDioxi n  Category  Summary  Statistics 


Initial 

Number  ( 4 

Dioxin 

Yes 

Low 

156 

Medium 

161 

High 

159 

mm  ssi 

Analysis  Results  for  Log2  (Initial  Dioxin) 


Estimated  Relative  Risk 
(95%  CL) 


p-Value 


•:  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Analysis  Results  for  Log2  (Initial  Dioxin) 

*%  o  V  v L,  “  8  *  *■  „  /v  \  1 1  A|ljusfodReIatiye  Risk  ' :  J  ^  \  x  ,v  t  ’’f  \  *  i 

n  •  ■  ;;  . .  ■  ■  ..  (95%  C.I.)  :  ■  ■  p- Value 


Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  |||| 

1 : 

2.-  $$$!§  1;  •  f 

j|  |  Number  (%)  j  {' 

Est  Relative  Risk 

n  / 

(95%  c.i.y*> 

Sillfl  III  111 

Comparison 

1,211 

3  (0.3) 

Background  RH 

378 

1  (0.3) 

0.92  (0.09,9.02) 

0.945 

Low  RH 

234 

0  (0.0) 

— 

0.999c 

High  RH 

242 

0  (0.0) 

0.999c 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.656c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  Hodgkin’s  disease. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-30.  Analysis  of  Hodgkin’s  Disease  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

\  n  ■ 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,209 

Background  RH 

375 

0.55  (0.05,6.15) 

0.624 

Low  RH 

232 

__ 

_ 

High  RH 

240 

— 

_ 

Low  plus  High  RH 

472 

— 

__ 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  Hodgkin’s  disease. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  occupation  and  race  because  of  the  sparse  number  of  participants  with  Hodgkin’s 
disease. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  <-  UNADJUSTED 

|j||  Category  Summary  Statistics  1  § 

'  1987  Number  (%) 

Dioxin  n  Yes 

'  (95%  Cl.)*  .  p- Value  .. 

Low  286  1  (0.4) 

Medium  282  0  (0.0) 

High  286  0  (0.0) 

0.67  (0.15,2.97)  0.583 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  ADJUSTED 

f  T  |  *  /T  ?  t  A  *?  • C1  f.  \r  $  felfc  1?  it  v  V  f*  IfSfe  '  5  ^  fl,’E  f  is  •; 

•|  S $$  -1 gj  {/ft  1§§|  IS  Analysis  Resu|ts$forX4)g2.(i987  Dioxin + j||f§  |§|J | 

n  '  (95%  CX)a  . 

848  0.70(0.08,6.51) 

0.745 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  and  ionizing  radiation  exposure  because  of  the  sparse  number  of 
Ranch  Hands  with  Hodgkin’s  disease.  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number 
of  Ranch  Hands  who  did  not  report  herbicide  exposure. 
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10.2.2. 1.34  Non-Hodgkin ’s  Lymphoma 

Because  of  the  sparse  number  of  participants  with  non-Hodgkin’s  lymphoma,  analysis  was  limited.  All 
results  were  nonsignificant  (Table  10-31(a-h):  p>0.18  for  each  analysis). 


Table  10-31.  Analysis  of  Non-Hodgkin’s  Lymphoma 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Group 

| ijil  I? 

.  Yes  . 

Est.  Relative  Risk  1 1 : 

hi j§  iBiiiiiiis 

|i||f  p-Value 

All 

Ranch  Hand 

861 

1  (0.1) 

0.48  (0.05,4.65) 

0.507 

Comparison 

1,249 

3  (0.2) 

Officer 

Ranch  Hand 

335 

0  (0.0) 

_ 

0.657a 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

_ 

_ 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

1.51  (0.09,24.18) 

0.772 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 

Hands  with  non-Hodgkin’s  lymphoma. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 

(b)  MODEL  .1: 

RANCH  H  ANDS  VS.  COMPARISONS  -  ADJUSTED 

■■  Vi'  ■  ft  V  X. .•r.'.’feSiOi;'  -.c  .'vfcvTtS  &  1;^  a'.c  h'  vi ;  *; . 

■  v  \  ;■  :v;i 

1  'C"-  '■  y 

!  1  SSI  1 1  AdjustedRelati  ve  Risk  1  - 

%  ®  1 ,  -  Occupational  Category 

All 

0.18  (0.01,2.61) 

0.186 

Officer 

_ 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

0.61  (0.02,15.18) 

0.762 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  non-Hodgkin’s  lymphoma. 
Results  for  all  occupations  combined  also  are  not  adjusted  for  occupation  because  of  the  sparse  number  of 
participants  with  non-Hodgkin’s  lymphoma. 


(c)  MODEL  2:  R  ANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

j§ j |  InitialDioxin  Category  Summary  Statistics \ •;  § 

» :n§  ;f||  Analysis  Results  for  Log2  (Initial  Dioxin)  * 

§t  Dioxin  HI  ilili  §|jjfjj  gj 

"l^y?  P#alfle  *  | 

Low  156  0  (0.0) 

Medium  161  0  (0.0) 

High  159  0  (0.0) 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-31. 

Analysis  of  Non-Hodgkin's  Lymphoma  (Continued) 

.(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

aatsissiiif 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
.  (95%  CX) 

p- Value 

- 

- 

-- 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

n 

V  Yes 

Est.  Relative  Risk 

gjjtf  (95%  Jfjff 

p-Value 

Comparison 

1,211 

3  (0.3) 

Background  RH 

378 

1  (0.3) 

0.92  (0.09,9.02) 

0.944 

Low  RH 

234 

0  (0.0) 

— 

0.999° 

High  RH 

242 

0  (0.0) 

— 

0.999° 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.656° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  non-Hodgkin’s  lymphoma. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^  ADJBSXEI) 


Dioxin  Category 

n  ■" 

Comparison 

1,209 

Background  RH 

375 

0.24  (0.01,4.90) 

0.351 

Low  RH 

232 

— 

— 

High  RH 

240 

— 

— 

Low  plus  High  RH 

All 

— 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  non- 
Hodgkin’s  lymphoma. 
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Table  10-31.  Analysis  of  Non-Hodgkin's  Lymphoma  ( Continued ) 


■(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  .  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk  '  v ^ r-llfp : ' 1  llitji 

(95%C.I.)a  p- Value 

Low  286  1  (0.4) 

Medium  282  0  (0.0) 

High  286  0  (0.0) 

0.60(0.13,2.70)  0.491 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h) MODEL  4:  HANDS  - 1987  DlOXIN-r  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
V  $ $  Adjusted  Relative  Risk  If  5 
(95%  C.I.)a 


p-Value 


852 


0.31  (0.01,7.88) 


0.443 


Relative  risk  for  a  twofold  increase  in  1 987  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  ionizing  radiation  exposure,  and  lifetime  alcohol  history 
because  of  the  sparse  number  of  Ranch  Hands  with  non-Hodgkin’s  lymphoma.  Results  are  not  adjusted  for 
herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


10.2.2.1.35  Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic  Tissue 

Because  of  the  sparse  number  of  participants  with  other  malignant  systemic  neoplasms  of  lymphoid  and 
histiocytic  tissue,  analysis  was  limited.  All  results  were  nonsignificant  (Table  10-32  (a-h):  p>0.33  for 
each  analysis). 


Table  10-32.  Analysis  of  Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic 
Tissue 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


%  ,'^vNumb'er '  (  %)  pUf  ; 

Estl  Relative  Risk  y 

llgj 

iiiiiwisi# 

AU 

Ranch  Hand 

861 

2  (0.2) 

0.72  (0.13,3.97) 

0.706 

Comparison 

1,249 

4(0.3) 

Officer 

Ranch  Hand 

335 

1  (0.3) 

0.74  (0.07,8.16) 

0.803 

Comparison 

494 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

__ 

0.999a 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

377 

1  (0.3) 

1.51(0.09,24.18) 

0.772 

Groundcrew 

Comparison 

568 

1  (0.2) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  malignant  systemic  neoplasm  of  lymphoid  and  histiocytic  tissue. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
lymphoid  and  histiocytic  tissue. 
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Table  10-32.  Analysis  of  Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and 
Histiocytic  Tissue  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

1  AdjustedRf lativeRisk  ‘  , 

'r-  'Occupatlpn^!  *  ^5 

(95%  C.I.)  : 

p- Value 

AU 

0.70(0.10,5.03) 

0.724 

Officer 

0.69  (0.05,9.34) 

0.781 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

1.57(0.08,31.01) 

0.767 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
lymphoid  and  histiocytic  tissue. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  lymphoid  and  histiocytic  tissue. 


(c)  MODEL  2:  RANCH  HANDS -INITIAL DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)  >  ;  ;  v 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)  p- Value 

Low  160  0(0.0) 

Medium  162  0  (0.0) 

High  160  0(0.0) 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 

lymphoid  and  histiocytic  tissue. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


<d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

pSteiiijii® 

n  '  (95%  C.I.) : 

- 

- 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
lymphoid  and  histiocytic  tissue. 
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Table  10-32.  Analysis  of  Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and 
Histiocytic  Tissue  ( Continued ) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n 

Number  (%) 

Yes 

|  HI  Est.  Relative  Risk 
(95%  C.I.)ab 

p- Value 

Comparison 

1,211 

2  (0.2) 

Background  RH 

378 

2(0.5) 

2.64  (0.37,19.03) 

0.336 

Low  RH 

234 

0  (0.0) 

__ 

High  RH 

242 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.919c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  malignant  systemic  neoplasm  of  lymphoid  and  histiocytic  tissue. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
lymphoid  and  histiocytic  tissue. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  A! 

Adjusted  Relative  Risk 

Dioxin  Category  n  (95%  C.I.)* 

Comparison 

1,209 

Background  RH 

375 

1.90  (0.15,23.45) 

Low  RH 

232 

— 

High  RH 

240 

— 

Low  plus  High  RH 

472 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  malignant  systemic  neoplasm  of 
lymphoid  and  histiocytic  tissue. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  malignant  systemic 
neoplasm  of  lymphoid  and  histiocytic  tissue. 
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Table  10-32.  Analysis  of  Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and 
Histiocytic  Tissue  (Continued) 


1987  Dioxin  Category  Summary  Statistics 

fgg§I|j§  Analysis  Results  for  Log2  (1987  Dioxin  +  ||f|j  fjl|l| 

1987  Number  (%) 

Dioxin  n  Yes 

| Estimated  Relative  Risk  s  jljjlll  |  §Sl!l|lll! 

(95%  C.I.)a  p- Value 

Low  286  1  (0.4) 

Medium  282  1  (0.4) 

High  286  0  (0.0) 

0.68(0.24,1.96)  0.466 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


|H  MODEL4:RANCH  HANDS  -i?S7  DIOXIN  |  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 
(95%  C.I  )a 


p- Value 


847 


0.63  (0.09,4.17) 


0.580 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  and  ionizing  radiation  exposure  because  of  the  sparse  number  of 
Ranch  Hands  with  a  malignant  systemic  neoplasm  of  lymphoid  and  histiocytic  tissue.  Results  are  not  adjusted  for 
herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not  report  herbicide  exposure. 


10.2.2.1.36  All  Malignant  Skin  and  Systemic  Neoplasms 

A  marginally  significant  difference  between  Ranch  Hands  and  Comparisons  was  found  in  the  unadjusted 
Model  1  analysis  of  all  skin  and  systemic  neoplasms  for  all  occupations  combined  (Table  10-33(a): 

Est.  RR=1.20,  p=0.099).  The  contrast  of  Ranch  Hand  and  Comparisons  enlisted  flyers  was  significant  in 
the  unadjusted  Model  1  analysis  (Table  10-33(a):  Est.  RR=1.78,  p=0.034).  More  Ranch  Hands  than 
Comparisons  exhibited  a  history  of  a  malignant  skin  or  systemic  neoplasm.  After  adjustment  for 
covariates,  both  results  were  nonsignificant  (Table  10-33(b):  p>0.10  for  each  contrast).  All  other 
Model  1  contrasts  were  nonsignificant  (Table  10-33(a,b):  p>0.11). 


Table  10-33.  Analysis  of  All  Malignant  Skin  and  Systemic  Neoplasms 

HANDS  -  UNADJUSTED  §§§  ||  j  IX 

Uate|dry>  •  . 

i  *  i 

II  Est' Relative  Risk  | 

p- Value 

All 

Ranch  Hand 

851 

186  (21.9) 

1.20  (0.97,1.49) 

0.099 

Comparison 

1,238 

234  (18.9) 

Officer 

Ranch  Hand 

330 

95  (28.8) 

1.29  (0.94,1.77) 

0.112 

Comparison 

487 

116(23.8) 

Enlisted  Flyer 

Ranch  Hand 

148 

39  (26.4) 

1.78(1.04,3.02) 

0.034 

Comparison 

185 

31  (16.8) 

Enlisted 

Ranch  Hand 

373 

52(13.9) 

0.89  (0.62,1.29) 

0.546 

Groundcrew 

Comparison 

566 

87  (15.4) 
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Table  10-33.  Analysis  of  All  Malignant  Skin  and  Systemic  Neoplasms  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 
(95%  CX) 

p-Value 

All 

L06  (0.80,1.41) 

0.668 

Officer 

1.14(0.79,1.65) 

0.470 

Enlisted  Flyer 

1.63  (0.91,2.92) 

0.103 

Enlisted  Groundcrew 

0.78  (0.51,1.19) 

0.247 

(C)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -UNADJUSTED 

|  ]  Analysis  Results  for  Log2  (Initial  Dioxin)8  , '  ‘  « 

(95%  C.I.)b  p  Value 

Low  150  41  (27.3) 

Medium  160  45(28.1) 

High  159  23  (14.5) 

0.74  (0.62,0.89)  0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  ADJUSTED 

Adjusted  Relative  Risk 

n  (95%  C.I.)a:  p-Value 

_ 465 _ 0.91  (0.72,1.14) _  0,396 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Dioxin  Category 

1;  i  'SSfiJl 

mSssfiittiiifljn 

^^^Est  Relative  Risk  ’1^ 
-  (95%C.I.)“" 

lilllfiflftwiiilllSil 

Comparison 

1,200 

226(18.8) 

Background  RH 

375 

76  (20.3) 

1.12(0.83,1.49) 

0.464 

Low  RH 

228 

68  (29.8) 

1.82(1.33,2.51) 

<0.001 

High  RH 

241 

41  (17.0) 

0.87  (0.60,1.26) 

0.457 

Low  plus  High  RH 

469 

109  (23.2) 

1.25  (0.96,1.62) 

0.103 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-33.  Analysis  of  All  Malignant  Skin  and  Systemic  Neoplasms  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

L  ;  i  Adjusted  Relative  Risk  f  j 

(95%  C.I.)a 

if:  j ! |  p-Value  1  S§||  | 

trip  1 

Comparison 

1,196 

Background  RH 

372 

0.84  (0.60,1.20) 

0.339 

Low  RH 

226 

1.51  (1.03,2.21) 

0.035 

High  RH 

239 

1.01  (0.66,1.57) 

0.952 

Low  plus  High  RH 

465 

1.23  (0.88,1.71) 

0.221 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

p  -  J  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |  p 

1987  Number  <%) 

Dioxin  n  Yes 

(95%  C.I.)a  p-Value 

Low  284  57(20.1) 

Medium  275  74  (26.9) 

High  285  54  (19.0) 

0.94  (0.84,1.05)  0.281 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


n 

1 1 1 v  <  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  J  | 

Adjusted  Relative  Risk 
■■;C:  .  .  (95 %  C  I  )a 

837 

1.10(0.94,1.27) 

0.227 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  analysis  of  Model  2  displayed  a  significant  inverse  relation  between  initial  dioxin  and 
malignant  skin  and  systemic  neoplasms  (Table  10-33(c):  Est.  RR=0.74,  p=0.001).  After  adjustment  for 
covariates,  the  association  was  nonsignificant  (Table  10-33(d):  p=0.396). 

Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  a  significant  difference  in  malignant  skin  and 
systemic  neoplasms  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  10-33(e,f): 
Est.  RR=1.82,  p<0.001;  Adj.  RR=1.51,  p=0.035,  respectively).  More  Ranch  Hands  in  the  low  dioxin 
category  than  Comparisons  had  a  malignant  skin  and  systemic  neoplasm.  All  other  Model  3  contrasts  and 
all  results  from  the  Model  4  analysis  were  nonsignificant  (Table  10-33(e-h):  p>0.10  for  each  analysis). 
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10.2.2. 1.37  All  Skin  and  Systemic  Neoplasms 

The  Model  1  unadjusted  analysis  of  all  skin  and  systemic  neoplasms  revealed  a  significant  difference 
between  Ranch  Hands  and  Comparisons  when  examined  across  all  occupations  (Table  10-34(a):  Est. 
RR=1.25,  p=0.014).  A  marginally  significant  difference  within  officers  also  was  found  in  the  unadjusted 
analysis  (Table  10-34(a):  Est.  RR=1.29,  p=0.079).  Both  contrasts  showed  more  Ranch  Hands  than 
Comparisons  with  a  history  of  a  skin  or  systemic  neoplasm.  The  contrasts  were  nonsignificant  after 
adjustment  for  covariates  (Table  10-34(b):  p>0.72  for  each  contrast).  All  other  Model  1  contrasts  were 
also  nonsignificant  (Table  10-34(a,b):  p>0.15). 

A  significant  inverse  association  between  initial  dioxin  and  the  occurrence  of  a  skin  or  systemic  neoplasm 
was  found  in  the  Model  2  unadjusted  analysis  (Table  10-34(c):  Est.  RR=0.84,  p=0.017).  After 
adjustment  for  covariates,  the  result  was  nonsignificant  (Table  10-34(d):  p=0.244). 


Table  10-34.  Analysis  of  All  Skin  and  Systemic  Neoplasms 


mmsm 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

.Occupational 

fi  Number  (%) 

Yes 

Est  Relative  Risk  %  \i 
(95%  CX)  ■  V., 

§  j£g  pr^aJue‘:.v3 

AU 

Ranch  Hand 

847 

473  (55.8) 

1.25  (1.05,1.49) 

0.014 

Comparison 

1,231 

620  (50.4) 

Officer 

Ranch  Hand 

329 

202  (61.4) 

1.29  (0.97,1.72) 

0.079 

Comparison 

482 

266  (55.2) 

Enlisted  Flyer 

Ranch  Hand 

146 

84  (57.5) 

1.37  (0.88,2.12) 

0.158 

Comparison 

185 

92  (49.7) 

Enlisted 

Ranch  Hand 

372 

187  (50.3) 

1.17(0.90,1.51) 

0.253 

Groundcrew 

Comparison 

564 

262  (46.5) 

(b)  MODEL  1:  RANCH  HANDS  VS*  COMPARISONS  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  CX)  p-Value 

All  1.04(0.83,1.30)  0.756 

Officer  1.06(0.77,1.46)  0.725 

Enlisted  Flyer  1.15  (0.72,1.84)  0.557 

Enlisted  Groundcrew _ 0.98  (0.72,1.33) _ 0.88 1 


IH 

DS  -INITIAL  DIOXIN  -  UNADJUSTED ®  1  i  1  TV 8 f€ 

jljJJ  Analysis  Results  for  Log2  (Initial  Dioxiii)2  ^ v< 

Initial 

SI  Estimated  Relative  Risk  g|| 

Dioxin 

;  (95%C.I.)b 

iO  1 

Low 

150 

92(61.3) 

0.84  (0.73,0.97) 

Medium 

159 

95  (59.8) 

High 

157 

72  (45.9) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  10-34.  Analysis  of  All  Skin  and  Systemic  Neoplasms  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  .  ■  (95%CX)a  ' 

p- Value 

463  0.90(0.76,1.07) 

0.244 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category  n  Yes  (95%  CXjab 

Comparison  1,193  602(50.5) 

Background  RH  374  211  (56.4)  1 .30  (1 .03, 1 .64) 

Low  RH  227  137(60.4)  1.49(1.11,1.99) 

High  RH  239  122(51.1)  1.01  (0.76,1.33) 

Low  plus  High  RH  466  259  (55.6)  1 .22  (0.98, 1 .5 1 ) 

0.030 

0.007 

0.969 

0.076 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category  /  n  ■■  (95%  C.I.)a  .. 

lilliiiwSliiiBISl 

Comparison  1,189 

Background  RH  371  1.01  (0.76,1.33) 

Low  RH  225  1.15(0.83,1.61) 

High  RH  238  0.93(0.67,1.30) 

Low  plus  High  RH  463  1 .04  (0.79, 1 .35) 

3  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

0.956 

0.396 

0.684 

0.799 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  10-34.  Analysis  of  All  Skin  and  Systemic  Neoplasms  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUS 

TED:  i; 

; 7  X?87  Dipxin  Gategory  Summary  Statistics 

H#f if'  Anj 

dysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  283  16 1  (56.9) 

Medium  275  163  (59.3) 

High  282  146(51.8) 

0.93(0.85,1.02)  0.149 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  "  ~~ ~  ~~ 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

^  ^ ^ ^  t  ^*di|HStea3ReIativ6 Blsli:c  V  ' 'v|,''  !  ;)>‘5  ;  , 

•  ;  ; n ; V  7V  : :  (95% cx)a  p-vaiue- 

_ _ 834 _ 0.99  (0.88,1.11) _ 0.854 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


In  the  Model  3  unadjusted  analysis,  a  significantly  higher  percentage  of  Ranch  Hands  in  the  background, 
low,  and  low  plus  high  dioxin  categories  had  an  occurrence  of  a  skin  or  systemic  neoplasm,  relative  to 
Comparisons  (Table  10-34(e):  Est.  RR=1.30;  p=0.030;  Est.  RR=1.49,  p=0.007;  and  Est.  RR=1.22, 
p-0.076,  respectively).  After  adjustment  for  co variates,  results  were  nonsignificant  for  each  contrast 
(Table  10-34(f):  p>0.39  for  each  adjusted  contrast).  All  other  Model  3  contrasts  and  the  results  from  the 
Model  4  analysis  were  nonsignificant  (Table  10-34(e-h):  p>0.14  for  each  remaining  analysis). 

10.2.2.2  Laboratory  Examination  Variables 

1 0.2.2. 2. 1  Prostate- Specific  Antigen  ( PSA )  ( Continuous ) 

All  results  from  the  Model  1  unadjusted  and  adjusted  analyses  of  continuous  PSA  were  nonsignificant 
(Table  10-35(a,b):  p>0.59  for  all  Model  1  analyses). 
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Table  10-35.  Analysis  of  PSA  (ng/ml)  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 
Occupational  Difference  of  Means 


||l?|paft^gpry'  " | 

Mean3 

(95%  C.I,)b 

|  lj  p- Valued 

All 

Ranch  Hand 

829 

1.104 

-0.016  - 

0.671 

Comparison 

1}190 

1.120 

Officer 

Ranch  Hand 

320 

1.195 

-0.034  - 

0.613 

Comparison 

458 

1.229 

Enlisted  Flyer 

Ranch  Hand 

141 

1.241 

0.007  - 

0.949 

Comparison 

180 

1.234 

Enlisted 

Ranch  Hand 

368 

0.985 

-0.020  - 

0.693 

Groundcrew 

Comparison 

552 

1.005 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

Category 

Group 

BI&lSi 

Adjusted 

Mean8 

Difference  of  Adj.  Means 
(95%  C.I.)b 

|  p-Valuec 

All 

Ranch  Hand 

823 

1.202 

0.003  ~ 

0.946 

Comparison 

1,188 

1.199 

Officer 

Ranch  Hand 

319 

1.157 

-0.037  - 

0.590 

Comparison 

457 

1.194 

Enlisted  Flyer 

Ranch  Hand 

139 

1.289 

0.040  - 

0.719 

Comparison 

179 

1.249 

Enlisted  Groundcrew 

Ranch  Hand 

365 

1.177 

0.028  - 

0.668 

Comparison 

552 

1.149 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODKL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

l#ii  111  Initial  Dioxin  Category  Summary  Statistics  'Z\f  M 

|  Jggf  Analysis  Results  for  Log2  (Initial  Dioxin)b  W '  C !•  h *• 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

RSiSB  i  |  (Std.  Error)0  f  i  p-^alue  f  '  ' ' 

Low  148  1.305  1.288 

Medium  154  1.037  1.036 

High  156  0.979  0.992 

0.037  -0.071  (0.027)  0.010 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  PSA  versus  Iog2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


10-107 


Table  10-35.  Analysis  of  PSA  ( ng/ml )  (Continuous)  ( Continued ) 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

Jf fjj  1  Initial  Dioxin  Category  Summary  Statistics  ;  Jg I 

1 1  |f  1 1  Analysis  Results  for  Log2  (Initial  Dioxin)  :  gj  |  J  j| 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

R2  (Std.  Error)b  p- Value 

Low  147  0.975 

Medium  154  0.806 

High  154  0.811 

0.114  -0.045(0.031)  0.152 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  PSA  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Difference  of  Adj.  Mean 
vs.  Comparisons 


_  n 

uf- .  ^iSiean®:;.  ' 

Adj.Meanab 

■  (95%  C.I.)C 

lillllHiili 

Comparison 

1,152 

1.125 

1.127 

Background  RH 

365 

1.118 

1.099 

-0.028  - 

0.587 

Low  RH 

222 

1.199 

1.205 

0.078  - 

0.227 

High  RH 

236 

1.006 

1.023 

-0.104- 

Low  plus  High  RH 

458 

1.095 

1.108 

-0.019  - 

0.692 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-35.  Analysis  of  PSA  (ng/ml)  (Continuous)  (Continued) 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n 

1  :: 

Difference  6fAdJ;^Vle^b|'':: 
|  i|K  •  jy&Cprapansoris  -■  | 

(95%  C.I.)b 

p-Valuec 

Comparison 

1,151 

1.201 

Background  RH 

362 

1.163 

-0.038  - 

Low  RH 

221 

1.258 

0.057  - 

High  RH 

234 

1.209 

0.008  - 

Low  plus  High  RH 

455 

1.232 

0.031  - 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

jgj  Analysis  Results  for  Log2  (1987  Didxin  +l)  g|||  f 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  276  1.133 

Medium  268  1.192 

High  279  1.003 

0.005  -0.037  (0.018)  0.043 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  PSA  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1 1  <,  A41987  Dioxin  Category  Summary  Statistics 

PS^JSS ,  An^ySis^Resul^for/Lbg2';(198^Dihxin"+T)'  SSrMl  v; ! 

■  ■  ■  ■  •  ■  ■  •  v  ■  :  , 

|  Dioxin  n  Adj.  Mean8 

R2  (Std.  Error)1’  p-Value 

0.076  -0.021  (0.020)  0.312 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  PSA  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  2  analysis  revealed  a  significant  inverse  association  between  initial  dioxin  and 
continuous  PSA  (Table  10-35(c):  slope=-0.071,  p=0.010).  After  adjustment  for  covariates,  the 
association  was  nonsignificant  (Table  10-35(d):  p=0.152). 


A  marginally  significant  difference  in  mean  continuous  PSA  levels  was  found  between  Ranch  Hands  in 
the  high  dioxin  category  and  Comparisons  in  the  Model  3  unadjusted  analysis  (Table  10-35(e):  difference 
of  means=-0.104,  p=0.079).  After  adjustment  for  covariates,  the  difference  was  nonsignificant  (Table 
10-35(f):  p=0.919).  All  other  Model  3  contrasts  were  also  nonsignificant  (Table  10-35(e,f):  p>0.22). 

A  significant  inverse  association  between  1987  dioxin  and  continuous  PSA  levels  was  revealed  from  the 
unadjusted  Model  4  analysis  (Table  10~35(g):  adjusted  slope=-0.037,  p=0.043).  After  adjustment  for 
covariates,  the  association  was  nonsignificant  (Table  10-35(h):  p=0.312). 

10.2.2.2.2  PSA  ( Discrete ) 

A  marginally  significant  difference  in  the  percentage  of  participants  with  abnormally  high  PSA  levels 
between  Ranch  Hand  and  Comparison  officers  was  found  in  the  Model  1  unadjusted  analysis  (Table 
10-36(a):  Est.  RR=1.59,  p=0.086).  After  adjustment  for  co variates,  the  contrast  was  nonsignificant 
(Table  10-36(b):  p=0.216).  All  other  Model  1  contrasts  were  nonsignificant  (Table  10-36(a,b):  p>0.21). 


Table  10-36.  Analysis  of  PSA  (Discrete) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

%  l’!Cafegory‘  4  ' 

Group 

til  'i  ■  ’C'\ 

p|  -Number(%) 

llllBliiiBIl 

Est.  RelativeRisk  6 1  ig 

All 

Ranch  Hand 

829 

54(6.5) 

1.07(0.74,1.53) 

0.730 

Comparison 

1,190 

73  (6.1) 

Officer 

Ranch  Hand 

320 

31  (9.7) 

1.59  (0.94,2.69) 

0.086 

Comparison 

458 

29  (6.3) 

Enlisted  Flyer 

Ranch  Hand 

141 

10(7.1) 

0.84  (0.37,1.93) 

0.681 

Comparison 

180 

15  (8.3) 

Enlisted 

Ranch  Hand 

368 

13  (3.5) 

0.66  (0.34,1.29) 

0.223 

Groundcrew 

Comparison 

552 

29  (5.3) 

(HMODJEXIU.  RANCH  HANDS  VS;  COMPARISONS  SHIiiiip  *pl*HI  §1®  fg 

Occupational  Category  (95%  C.I.)  p- Value 


All 

1.02  (0.64,1.60) 

0.947 

Officer 

1.45  (0.80,2.63) 

Enlisted  Flyer 

0.78  (0.32,1.90) 

Enlisted  Groundcrew 

0.68(0.33,1.41) 
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Table  10-36.  Analysis  of  PSA  (Discrete)  (Continued) 


■(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

j  illSillSBl®  f  liati  s  t 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  148  19  (12.8) 

Medium  154  13  (8.4) 

High  156  2  (1.3) 

0.53  (0.37,0.77)  <0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)^ODEI^i: 

T  DIOXIN  -  ADJUSTED  i  A|,| 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%CX)a  • 

gill  i§^$||ipf|  lliiiillilllll 

455 

0.61  (0.40,0.93) 

0.014 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


<e>  MODEL  J:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%)  . 

Esk  Relative  Risk 

Dioxin  Category 

n 

^  :  (95%  C.I.)ab  ( 

p-Value 

Comparison 

1,152 

71  (6.2) 

Background  RH 

365 

20  (5.5) 

0.85  (0.51,1.42) 

0.526 

Low  RH 

222 

22  (9.9) 

1.69(1.02,2.79) 

High  RH 

236 

12(5.1) 

0.85  (0.45,1.59) 

0.603 

Low  plus  High  RH 

458 

34  (7.4) 

1.18(0.76,1.84) 

0.454 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  10-36.  Analysis  of  PSA  ( Discrete )  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED .  lllllil 

Dioxin  Category 

n 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,151 

Background  RH 

362 

0.76  (0.43,1.37) 

0.368 

Low  RH 

221 

1.42  (0.79,2.56) 

0.246 

High  RH 

234 

1.04  (0.51,2.16) 

0.907 

Low  plus  High  RH 

455 

1.21  (0.71,2.08) 

0.484 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -  1987  DIOXIN -  UNADJUSTED 

|  U|  |  *  4987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)?  1 1 Jg : lf|kl 

1987  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

mm 

0.91  (0.75,1.10)  0.313 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 
(95%  C.I.)a 


p-Value 


817 


1.05(0.81,1.35) 


0.735 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  herbicide  exposure  because  of  the  sparse  number  of  Ranch  Hands  who  did  not 
report  herbicide  exposure. 


The  Model  2  unadjusted  and  adjusted  analyses  of  discrete  PSA  revealed  a  significant  inverse  relation 
between  initial  dioxin  and  discrete  PSA  levels  (Table  10-36(c,d):  Est.  RR=0.53,  p<0.001;  Adj.  RR=0.61, 
p=0.014,  respectively).  As  initial  dioxin  in  Ranch  Hands  increased,  the  prevalence  of  abnormally  high 
PSA  levels  decreased. 

A  significant  difference  in  the  percentage  of  Ranch  Hands  in  the  low  dioxin  category  with  abnormally 
high  PSA  levels  and  Comparisons  was  observed  in  the  unadjusted  Model  3  analysis  (Table  10-36(e): 

Est.  RR=1.69,  p=0.040).  After  adjustment  for  covariates,  the  result  was  nonsignificant  (Table  10-36(f): 
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p=0.246).  All  other  Model  3  analysis  results,  as  well  as  Model  4  results,  were  also  nonsignificant  (Table 
10-36(e-h):  p>0.31  for  each). 

10.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  three  variables — malignant  skin  neoplasms,  malignant  systemic 
neoplasms,  and  benign  systemic  neoplasms — to  examine  whether  changes  across  time  differed  with 
respect  to  group  membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3). 
Model  4  was  not  examined  in  longitudinal  analyses  because  1987  dioxin,  the  measure  of  exposure  in 
these  models,  changes  over  time  and  is  not  available  for  all  participants  for  1982  or  1997. 

The  longitudinal  analyses  for  all  of  these  variables  investigated  the  difference  between  the  1982 
examination  and  the  1997  examination.  These  analyses  were  used  to  investigate  the  temporal  effects  of 
herbicide  or  dioxin  exposure  during  the  15-year  period  between  1982  and  1997.  Participants  who  were 
abnormal  in  1982  were  not  included  in  the  analyses.  The  purpose  of  the  longitudinal  analysis  was  to 
examine  the  effects  of  dioxin  exposure  across  time.  Participants  who  were  abnormal  in  1982  were  not 
considered  to  be  at  risk  for  developing  neoplasms,  because  the  condition  already  existed  at  the  time  of  the 
first  collection  of  data  for  the  AFHS  (1982).  Only  participants  considered  normal  at  the  1982 
examination  (i.e.,  no  neoplasm)  were  considered  to  be  at  risk  when  the  effects  of  herbicide  or  dioxin 
exposure  over  this  period  of  time  were  explored;  therefore,  the  rate  of  abnormalities  under  this  restriction 
approximates  an  incidence  rate  between  1982  and  1997.  That  is,  an  incidence  rate  is  a  measure  of  the  rate 
at  which  people  without  a  condition  develop  the  condition  during  a  specified  period  of  time  (81). 
Summary  statistics  are  provided  for  reference  purposes  for  the  1985,  1987,  and  1992  examinations.  All 
three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  the  percentage  of  body  fat  at 
the  time  of  the  blood  measurement  of  dioxin. 

1 0. 2. 3. 1  Medical  Records  Review 

10.2.3. 1. 1  Malignant  Skin  Neoplasms 

The  longitudinal  analysis  results  for  participants  with  no  malignant  skin  neoplasms  in  1982  were 
nonsignificant  for  Models  1,  2,  and  3  (Table  10-37(a-c):  p>0.31  for  each  analysis). 
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Table  10-37.  Longitudinal  Analysis  of  Malignant  Skin  Neoplasms 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

liSiliHiiiillf 

Group 

Number  (%)  Yes/(n) 

•  Examination 

1982 

1985 

1987 

1997 

AU 

Ranch  Hand 

41(5.1) 

62  (7.8) 

82  (10.5) 

114  (14.5) 

137(16.9) 

(809) 

(791) 

(783) 

(788) 

(809) 

Comparison 

31  (3.2) 

60  (6.3) 

70  (7.4) 

113  (11.9) 

157(16.2) 

(967) 

(949) 

(942) 

(948) 

(967) 

Officer 

Ranch  Hand 

21  (6.8) 

33  (10.9) 

44  (14.7) 

61  (20.1) 

71  (23.1) 

(307) 

(303) 

(300) 

(303) 

(307) 

Comparison 

15  (4.0) 

31  (8.4) 

36  (9.9) 

64  (17.3) 

83  (22.2) 

(374) 

(368) 

(362) 

(370) 

(374) 

Enlisted  Flyer 

Ranch  Hand 

9(6.1) 

12(8.3) 

16(11.3) 

24  (16.7) 

29(19.7) 

(147) 

(144) 

(142) 

(144) 

(147) 

Comparison 

3(2.1) 

7  (4.9) 

9  (6.3) 

15  (10.6) 

19  (13.2) 

(144) 

(143) 

(142) 

(142) 

(144) 

Enlisted  Groundcrew  Ranch  Hand 

11(3.1) 

17(4.9) 

22  (6.5) 

29  (8.5) 

37  (10.4) 

(355) 

(344) 

(341) 

(341) 

(355) 

Comparison 

13  (2.9) 

22  (5.0) 

25  (5.7) 

34  (7.8) 

55  (12.3) 

(449) 

(438) 

(438) 

(436) 

(449) 

No  in  1982 

lliiiiiiiii 

'  "'■•S&L.  'fei' 

Number  (%)  Yes 

Adj.  Relative  Risk  1 V  " 

Group 

ninl997 

(95% c.i.)a  . 

p-Value0 

All 

Ranch  Hand 

768 

96(12.5) 

0.92  (0.69,1.23) 

0.594 

Comparison 

936 

126(13.5) 

Officer 

Ranch  Hand 

286 

50  (17.5) 

0.90  (0.60,1.36) 

0.628 

Comparison 

359 

68  (18.9) 

Enlisted  Flyer 

Ranch  Hand 

138 

20  (14.5) 

1.33  (0.66,2.70) 

0.427 

Comparison 

141 

16(11.4) 

Enlisted 

Ranch  Hand 

344 

26  (7.6) 

0.78  (0.47,1.31) 

0.348 

Groundcrew 

Comparison 

436 

42  (9.6) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  did  not  have  a  malignant  skin  neoplasm  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  10-37.  Longitudinal  Analysis  of  Malignant  Skin  Neoplasms  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

—  INITIAL  DIOXIN 

Number  ( %)  Yes/(n) 

Examination 

Initial  Dioxin  1982 

laiaiiiiiii 

1987 

1992 

Low  11(7.4) 

19(13.1) 

21  (14.3) 

27(18.8) 

30  (20.3) 

(148) 

(145) 

(147) 

(144) 

(148) 

Medium  9  (5.7) 

11(7.1) 

15  (9.7) 

22(14.2) 

30(19.0) 

(158) 

(155) 

(155) 

(155) 

(158) 

High  4  (2.6) 

6  (4.0) 

9(6.1) 

13  (8.7) 

17(11.1) 

053) 

(150) 

(148) 

(150) 

(153) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

No  in  1982  ; 

• .  •  A dj.  Relative  Risk '. ., 

(95%:C.I.)b  7  ;  p- Value 

Dioxin  n  in  1997  in  1997 

Low  137  19  (13.9) 

Medium  149  21  (14.1) 

High  149  13  (8.7) 

0.88(0.69,1.13)  6.313 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Notes:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
Statistical  analyses  are  based  only  on  participants  who  did  not  have  a  malignant  skin  neoplasm  in  1982  (see 
Chapter  7,  Statistical  Methods). 
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Table  10-37.  Longitudinal  Analysis  of  Malignant  Skin  Neoplasms  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Yes/(n) 


Examination 


1982 

1987 

1992 

1997 

Comparison 

29(3.1) 

58  (6.3) 

67  (7.3) 

108(11.7) 

151  (16.1) 

(939) 

(924) 

(916) 

(921) 

(939) 

Background  RH 

17  (4.9) 

26  (7.7) 

37(11.3) 

52(15.6) 

60(17.4) 

(344) 

(336) 

(328) 

(334) 

(344) 

Low  RH 

17  (7.6) 

26(11.9) 

28  (12.7) 

40(18.4) 

46  (20.5) 

(224) 

(218) 

(221) 

(218) 

(224) 

High  RH 

7  (3.0) 

10  (4.3) 

17  (7.4) 

22  (9.5) 

31  (13.2) 

(235) 

(232) 

(229) 

(231) 

(235) 

Low  plus  High  RH 

24  (5.2) 

36  (8.0) 

45  (10.0) 

62(13.8) 

77  (16.8) 

(459) 

(450) 

(450) 

(449) 

(459) 

No  in  1982 

. 

Number  (%)  Yes 

Adj.  Relative  Risk 

n  in  1997 

in  1997 

(95%  C.l.)ab 

I  |f  p- Valued :  §|  |  j 

Comparison 

910 

122(13.4) 

Background  RH 

327 

43  (13.2) 

0.94  (0.65,1.38) 

0.770 

Low  RH 

207 

29  (14.0) 

0.98  (0.63,1.53) 

0.936 

High  RH 

228 

24  (10.5) 

0.87  (0.54,1.40) 

0.571 

Low  plus  High  RH 

435 

53  (12.2) 

0.92  (0.65,1.31) 

0.655 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Notes:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  did  not  have  a  malignant  skin  neoplasm  in  1982  (see  Chapter  7, 
Statistical  Methods). 


10.2.3.  1.2  Malignant  Systemic  Neoplasms 

For  participants  with  no  malignant  systemic  neoplasms  in  1982,  differences  between  Ranch  Hands  and 
Comparisons  examined  within  the  enlisted  flyer  stratum  were  marginally  significant  (Table  10-3 8(a): 
Adj.  RR=2.43,  p=0.062).  The  percentage  of  participants  who  developed  a  malignant  systemic  neoplasm 
after  1982  was  higher  for  Ranch  Hand  enlisted  flyers  than  for  Comparison  enlisted  flyers  (1 1.0%  vs. 
4.8%,  respectively).  All  other  Model  1  contrasts  were  nonsignificant  (Table  10-38(a):  p>0.11). 
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Table  10-38.  Longitudinal  Analysis  of  Malignant  Systemic  Neoplasms 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

8l!8li|SMBi®il!!ii 

Number  (%)  Yes/(n) 

littlitiHlii  Examination  I  f 

1982 

1985 

1987 

liBiil 

1997 

All 

Ranch  Hand 

7(0.9) 

13  (1.6) 

19  (2.4) 

31  (3.9) 

63  (7.8) 

(810) 

(792) 

(784) 

(788) 

(810) 

Comparison 

10  (1.0) 

13  (1.4) 

16(1.7) 

32  (3.4) 

62  (6.4) 

(974) 

(956) 

(949) 

(954) 

(974) 

Officer 

Ranch  Hand 

4(1.3) 

8  (2.7) 

11  (3.7) 

15  (5.0) 

31  (10.1) 

(306) 

(302) 

(299) 

(301) 

(306) 

Comparison 

5(1.3) 

8(2.1) 

9(2.5) 

19(5.1) 

36  (9.5) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

1  (0.7) 

2(1.4) 

2(1.4) 

8  (5.6) 

17(11.6) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

0  (0.0) 

0  (0.0) 

1  (0.7) 

4  (2.8) 

7  (4.8) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted  Groundcrew 

r  Ranch  Hand 

2  (0.6) 

3  (0.9) 

6(1.7) 

8  (2.3) 

15  (4.2) 

(358) 

(347) 

(344) 

(344) 

(358) 

Comparison 

5(U) 

5(1.1) 

6(1.4) 

9(2.1) 

19(4.2) 

(449) 

(438) 

(438) 

(436) 

(449) 

:  '  .  No  in  1982 

Number  (%)  Yes 

Adj.  Relative  Risk  f 

Category 

Group 

n  in  1997 

in  1997 

I’illiilflJli 

All 

Ranch  Hand 

803 

56  (7.0) 

1.38  (0.92,2.06) 

0.118 

Comparison 

964 

52  (5.4) 

Officer 

Ranch  Hand 

302 

27  (8.9) 

1.11  (0.64,1.93) 

0.716 

Comparison 

375 

31  (8.3) 

Enlisted  Flyer 

Ranch  Hand 

145 

16(11.0) 

2.43  (0.96,6.19) 

0.062 

Comparison 

145 

7  (4.8) 

Enlisted 

Ranch  Hand 

356 

13  (3.7) 

1.30  (0.59,2.87) 

0.509 

Groundcrew 

Comparison 

444 

14  (3.2) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  did  not  have  a  malignant  systemic  neoplasm  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  10-38.  Longitudinal  Analysis  of  Malignant  Systemic  Neoplasms  (Continued) 
(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Number  ( %)  Yes/(n) 

Ijiti"?;  -Examination 

if?  L)  5 

!§§0|[i^ 

1982 

1985 

1987 

1992 

1997 

Low 

2  (1.4) 

5  (3.4) 

7  (4.8) 

19  (12.7) 

(150) 

(147) 

(149) 

(145) 

(150) 

Medium 

4(2.5) 

7  (4.5) 

7  (4.5) 

13  (8.4) 

19(12.0) 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

0  (0.0) 

0  (0.0) 

0  (0.0) 

5  (3.3) 

(152) 

(149) 

(147) 

(149) 

052) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

No  in  1982  : 

Dioxin  n  in  1997  in  1997 

Adj.  Relative  Risk 

(95%:c.l.)b  p- Value 

Low  149  18(12.1) 

Medium  154  15  (9.7) 

High  152  5  (3.3) 

0.71  (0.50,1.00)  0.036 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  did  not  have  a  malignant  systemic  neoplasm  in  1982  (see 
Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  (%)  Yes/(n) 
j  Examination  1 


Dioxin  Category 

1982 

1985 

ilBIWiiil 

mmmmiir 

isiiiiii 

Comparison 

10(1.1) 

13  (1.4) 

16(1.7) 

31  (3.3) 

61  (6.5) 

(946) 

(931) 

(923) 

(927) 

(946) 

Background  RH 

2  (0.6) 

4(1.2) 

7  (2.1) 

11  (3.3) 

20  (5.8) 

(344) 

(336) 

(328) 

(334) 

(344) 

Low  RH 

3(1.3) 

6  (2.7) 

9(4.1) 

16(7.3) 

33  (14.7) 

(225) 

(219) 

(222) 

(218) 

(225) 

High  RH 

2  (0.9) 

3  (1.3) 

3  (1.3) 

4(1.7) 

10  (4.3) 

(235) 

(232) 

(229) 

(231) 

(235) 

Low  plus  High  RH 

5(1.1) 

9  (2.0) 

12  (2.7) 

20  (4.5) 

43  (9.4) 

(460) 

(451) 

(451) 

(449) 

(460) 
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Table  10-38.  Longitudinal  Analysis  of  Malignant  Systemic  Neoplasms  (Continued) 


n  in  1997 

No  in  1982 

|1  jfjlllt  -  Nuinber  (%)  Yes 

Adj.  Relative  Risk 

u  ;  ;<95  %  cx)*  ; :  ; 

p-Valueb 

Comparison 

936 

51  (5.5) 

Background  RH 

342 

18  (5.3) 

0.89  (0.50,1.57) 

0.687 

Low  RH 

222 

30(13.5) 

2.58(1.57,4.25) 

<0.001 

High  RH 

233 

8  (3.4) 

0.88  (0.40,1.91) 

0.740 

Low  plus  High  RH 

455 

38  (8.4) 

1.48  (0.89,2.48) 

0.132 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  did  not  have  a  malignant  systemic  neoplasm  in  1982  (see 
Chapter  7,  Statistical  Methods). 


The  Model  2  longitudinal  analysis  revealed  a  significant  inverse  association  between  initial  dioxin  and 
malignant  systemic  neoplasms  after  1982  (Table  10-38(b):  Adj.  RR=0.71,  p=0.036).  The  percentage  of 
Ranch  Hands  at  the  1997  follow-up  examination  with  a  malignant  systemic  neoplasm  since  1982 
decreased  as  initial  dioxin  levels  increased. 

A  significantly  higher  percentage  of  malignant  systemic  neoplasms  in  Ranch  Hands  in  the  low  dioxin 
category  than  Comparisons  was  found  from  the  Model  3  analysis  (Table  10-38(c):  Adj.  RR=2.58, 
p<0.001).  All  other  Model  3  longitudinal  contrasts  were  nonsignificant  (Table  10-38(c):  p>0.13). 

10.2.3.1.3  Benign  Systemic  Neoplasms 

All  longitudinal  analysis  results  for  a  history  of  benign  systemic  neoplasms  since  1982  were 
nonsignificant  for  Models  1,  2,  and  3  (Table  10-39(a-c):  p>0.1 1). 
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Table  10-39.  Longitudinal  Analysis  of  Benign  Systemic  Neoplasms 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Examination 


Group 

1982 

1985 

1987 

mm  i  is 

All 

Ranch  Hand 

44(5.4) 

69(8.7) 

111  (14.2) 

145  (18.4) 

213  (26.3) 

(810) 

(792) 

(784) 

(788) 

(S10) 

Comparison 

69  (7.1) 

98  (10.3) 

132  (13.9) 

178  (18.7) 

259  (26.6) 

(974) 

(956) 

(949) 

(954) 

(974) 

Officer 

Ranch  Hand 

19(6.2) 

27  (8.9) 

45  (15.1) 

53  (17.6) 

81  (26.5) 

(306) 

(302) 

(299) 

(301) 

(306) 

Comparison 

35  (9.2) 

46  (12.3) 

56  (15.2) 

74  (19.7) 

115(30.3) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

10  (6.9) 

14  (9.8) 

24  (17.0) 

33  (23.1) 

42  (28.8) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

8  (5.5) 

12  (8.3) 

24(16.8) 

30  (21.0) 

40  (27.6) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted  Groundcrew 

Ranch  Hand 

15  (4.2) 

28  (8.1) 

42  (12.2) 

59  (17.2) 

90  (25.1) 

(358) 

(347) 

(344) 

(344) 

(358) 

Comparison 

26  (5.8) 

40  (9.1) 

52(11.9) 

74  (17.0) 

104  (23.2) 

(449) 

(438) 

(438) 

(436) 

(449) 

No  in  1982 

Illftllillll 

fillllllli 

*  $'"■§  4 

ifllp  1  i  ’!  ‘T? 

Number  (%)  Yes 

~  Adj.  Rt  la 

twe  Risk  iff! 

!'  If  id 

Group 

n  in  1997 

fill:®:® 

C.I.)" 

p-Valuea 

AU 

Ranch  Hand 

766 

169  (22.1) 

1.07(0.84,1.35) 

0.585 

Comparison 

905 

190  (21.0) 

Officer 

Ranch  Hand 

287 

62  (21.6) 

0.90  (0.62,1.32) 

0.601 

Comparison 

345 

80  (23.2) 

Enlisted  Flyer 

Ranch  Hand 

136 

32  (23.5) 

1.02  (0.58,1.78) 

0.953 

Comparison 

137 

32  (23.4) 

Enlisted 

Ranch  Hand 

343 

75  (21.9) 

1.26(0.88,1.80) 

0.202 

Groundcrew 

Comparison 

423 

78  (18.4) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  did  not  have  a  benign  systemic  neoplasm  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  10-39.  Longitudinal  Analysis  of  Benign  Systemic  Neoplasms  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  — 

INITIAL  DIOXIN 

Number  (%)Yes/(n) 

Examination 

Initial  Dioxin 

liiiiiiisia 

1985 

fj  1992  |I 

Low 

11  (7.3) 

15  (10.2) 

24(16.1) 

25  (17.2) 

41  (27.3) 

(150) 

(147) 

(149) 

(145) 

(150) 

Medium 

11  (7.0) 

16(10.3) 

18(11.6) 

27  (17.4) 

38  (24.1) 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

5  (3.3) 

14  (9.4) 

20(13.6) 

27  (18.1) 

42  (27.6) 

(152) 

(149) 

(147) 

(149) 

(152) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  3Log2  (Initial  Dioxin)aji  ||||| 

No  in  1982 

Adj.  Relative  Risk  ; '  Sll ;>1  §i 

(95%  C.I.)b  p- Value 

Initial  Number  (%)  Yes 

Dioxin  n  in  1997  in  1997 

Low  139  30(21.6) 

Medium  147  27  (18.4) 

High  147  37  (25.2) 

1.16(0.97,1.38)  0.114 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Notes:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  did  not  have  a  benign  systemic  neoplasm  in  1982  (see  Chapter 
7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

iiiiSpliiBII 

Number  (%)  Yes/(n) 

||  f  Dioxin-Category  | Jr, 

IJU  1982  j  U||; 

1985 

1987 

illliiiillli 

Comparison 

66  (7.0) 

95  (10.2) 

128  (13.9) 

172(18.6) 

251  (26.5) 

(946) 

(931) 

(923) 

(927) 

(946) 

Background  RH 

17  (4.9) 

24(7.1) 

48  (14.6) 

65  (19.5) 

90  (26.2) 

(344) 

(336) 

(328) 

(334) 

(344) 

Low  RH 

17  (7.6) 

25(11.4) 

34(15.3) 

37  (17.0) 

57  (25.3) 

(225) 

(219) 

(222) 

(218) 

(225) 

High  RH 

10  (4.3) 

20  (8.6) 

28  (12.2) 

42(18.2) 

64  (27.2) 

(235) 

(232) 

(229) 

(231) 

(235) 

Low  plus  High  RH 

27  (5.9) 

45  (10.0) 

62  (13.8) 

79(17.6) 

121  (26.3) 

(460) 

(451) 

(451) 

(449) 

(460) 
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Table  10-39.  Longitudinal  Analysis  of  Benign  Systemic  Neoplasms  (Continued) 


Dioxin  Category 

n  in  1997 

^N6:&J198i^  4  !$,  , \  -r '  f  ; 

Number  (%)  Yes 
in  1997 

Adj.  Relative  Risk 

Comparison 

880 

185(21.0) 

Background  RH 

327 

73  (22.3) 

1.05  (0.77,1.43) 

0.754 

Low  RH 

208 

40(19.2) 

0.85  (0.58,1.25) 

0.413 

High  RH 

225 

54  (24.0) 

1.30  (0.91,1.85) 

0.144 

Low  plus  High  RH 

433 

94  (21.7) 

1.06  (0.80,1.41) 

0.679 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand, 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  did  not  have  a  benign  systemic  neoplasm  in  1982  (see  Chapter 
7,  Statistical  Methods). 


10.3  DISCUSSION 

In  ambulatory  medicine,  the  recommendation  that  asymptomatic  individuals  undergo  periodic  physical 
examinations  is  based  largely  on  the  assumption  that  such  screening  may  reveal  occult  malignancy. 
Although  the  guidelines  for  the  frequency  and  content  of  such  examinations  are  subject  to  debate,  there  is 
no  doubt  that  early  detection  affords  the  best  and,  in  most  forms  of  cancer,  the  only  chance  for  cure. 

While  no  one  screening  test  is  absolutely  reliable,  the  scope  and  depth  of  the  protocol  employed  in  this 
longitudinal  study  far  exceed  that  considered  routine  in  clinical  practice. 

As  the  anatomic  point  of  contact  with  industrial  toxins  and  as  the  only  organ  system  with  a  clearly  defined 
clinical  endpoint  (i.e.,  chloracne)  for  dioxin  exposure,  the  skin  deserves  the  special  emphasis  it  has 
received  in  this  study.  Although  there  is  no  evidence  that  dioxin  exposure  causes — or  that  chloracne  is 
associated  with — basal  cell  carcinomas,  the  Ranch  Hand  cohort  was  found  to  be  at  increased  risk  for  the 
occurrence  of  these  skin  cancers  in  the  1982,  1985,  1987,  and  1992  AFHS  examinations.  As  in  previous 
examinations,  skin  lesions  considered  to  be  suggestive  of  skin  cancer  were  biopsied.  Although  blind  to 
the  participant  exposure  status,  examiners  performed  a  similar  number  of  biopsies  in  the  Ranch  Hand  (54 
out  of  869,  or  6.2%)  and  Comparison  (68  out  of  1,251,  or  5.4%)  cohorts. 

Consistent  with  each  of  the  preceding  examinations,  Ranch  Hands  continued  to  have  a  slightly  higher 
history  of  benign  and  malignant  skin  neoplasms  than  Comparisons,  including  that  of  basal  cell  skin 
cancers  at  all  sites  (15.0%  of  Ranch  Hands  vs.  13.3%  of  Comparisons).  In  neither  the  current  nor  the 
1992  examination  were  the  group  differences  significant.  Further,  although  the  statistical  significance 
varied,  in  all  of  the  exposure  analyses  employing  initial  and  1987  serum  dioxin  levels,  an  inverse  dose- 
response  relation  was  documented  with  basal  cell  skin  cancers  decreasing  as  the  level  of  serum  dioxin 
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increased.  The  current  results  are  consistent  with  results  of  the  exposure  analyses  from  both  the  1987  and 
1992  examinations.  Once  again,  although  group  differences  were  not  statistically  significant,  cutaneous 
melanoma  and  squamous  cell  skin  cancers  were  greater  in  Ranch  Hands  than  in  Comparisons. 

In  the  1987  examination,  one  of  the  few  statistically  significant  findings  was  an  increase  of  benign 
systemic  neoplasms  in  the  Ranch  Hand  cohort  relative  to  Comparisons  (10.2%  vs.  4.1%)  in  a  pattern 
consistent  with  a  dose-response  effect.  In  the  1992  and  1997  examinations,  the  occurrence  of  benign 
systemic  neoplasms  was  close  to  equal  in  both  cohorts  (16.4%  vs.  15.6%  and  25.4%  vs.  24.1%, 
respectively),  and  in  neither  study  did  the  exposure  analyses  reveal  any  association  with  either  initial  or 
1987  serum  dioxin  levels. 

Consistent  with  all  previous  examinations,  the  overall  history  of  systemic  malignancies  at  all  sites 
combined  was  similar  in  the  Ranch  Hand  and  Comparison  cohorts.  In  two  specific  diagnostic  categories, 
statistically  significant  group  differences  were  noted  to  the  adverse  effect  of  Ranch  Hands.  Malignancies 
of  the  kidney  and  bladder  and  of  the  bronchus  and  lung  were  more  common  in  Ranch  Hands  than  in 
Comparisons  (1.3%  vs.  0.5%  and  1.2%  vs.  0.2%,  respectively).  In  neither  case  did  the  exposure  analyses 
reveal  any  evidence  for  a  dose-response  effect  associated  with  prior  exposure  to  dioxin.  Hodgkin’s 
disease,  non-Hodgkin’s  lymphoma,  and  STS,  widely  regarded  as  related  to  dioxin  exposure,  were  both 
rare  and  less  prevalent  in  Ranch  Hands  than  in  Comparisons  (0.1%  vs.  0.2%  of  each  of  Hodgkin’s  disease 
and  non-Hodgkin’s  lymphoma).  Five  participants  in  the  1997  examination  (two  Ranch  Hands  and  three 
Comparisons)  had  been  diagnosed  as  having  STS.  One  of  the  Ranch  Hands  was  an  officer  with  a  dioxin 
level  of  9.7  ppt  measured  in  blood  collected  in  1987  and  the  other  was  an  enlisted  groundcrew  member 
with  a  dioxin  level  of  124.9  ppt  measured  in  blood  collected  in  1982.  The  three  Comparisons  were  an 
enlisted  flyer  with  a  dioxin  level  of  4.9  ppt  measured  in  blood  collected  in  1992,  an  enlisted  groundcrew 
member  with  a  dioxin  level  of  2.4  ppt  measured  in  blood  collected  in  1987,  and  an  officer  with  a  dioxin 
level  of  6.7  ppt  measured  in  blood  collected  in  1987.  An  additional  Ranch  Hand  with  STS  died 
subsequent  to  the  1985  AFHS  physical  examination  and  had  no  dioxin  measurement.  The  prevalence  of 
STS  among  participants  who  attended  the  1997  physical  is  2  out  of  870  (0.23%)  among  Ranch  Hands  and 
3  out  of  1,251  (0.24%)  among  Comparisons.  The  prevalence  of  STS  among  all  participants  who  were 
compliant  to  at  least  one  examination,  regardless  of  the  presence  or  absence  of  dioxin  levels  (Ranch  Hand 
n=  1,111,  Comparison  n=  1,571),  is  3  out  of  1,111,  (0.27%)  among  Ranch  Hands  and  3  out  of  1,571 
(0.19%)  among  Comparisons  (relative  risk=1.41,  95%  confidence  interval:  [0.29,6.99]). 

The  1992  examination  was  the  first  to  incorporate  PSA  into  the  study  protocol.  This  diagnostic  test  has 
proven  highly  valuable  in  the  early  detection  of  silent  prostate  cancer.  Related  to  development  of  benign 
enlargement  of  the  prostate  gland,  with  age  a  gradual  rise  in  this  index  over  time  would  be  anticipated  and 
was  documented  in  current  PSA  levels  relative  to  1992.  By  discrete  and  continuous  analyses,  PSA  levels 
were  similar  in  Ranch  Hands  and  Comparisons  and  prostate  cancer  in  the  two  cohorts  was  nearly 
identical.  Further,  in  all  exposure  analyses,  there  was  no  association  between  prostate  cancer  and  either 
initial  or  1987  serum  dioxin  levels. 

Dependent  variable-covariate  associations  confirm  the  increased  risk  of  various  systemic  cancers  in 
association  with  well  established  risk  factors  including  age,  cigarette  use,  and  alcohol  consumption.  Eye 
and  hair  color,  fair  complexion,  age,  and  residence  in  southern  latitudes  all  contributed  strongly  to  risk  for 
the  development  of  basal  cell  skin  cancers.  Cigarette  use  and  alcohol  consumption  were  strongly 
associated  with  the  occurrence  of  bladder  and  lung  cancer.  A  significant  increase  in  prostate  and  basal 
cell  skin  cancers  was  noted  in  officers  relative  to  the  enlisted  occupational  strata.  These  findings  are  more 
likely  to  have  a  socio-economic  than  biologic  basis  and  may  reflect  more  frequent  dermatological 
examinations  and  PSA  screenings  by  officers  relative  to  enlisted  men. 
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At  the  end  of  15  years  of  surveillance.  Ranch  Hands  as  a  group  exhibited  a  nonsignificant  increase  in  the 
risk  of  malignant  neoplastic  disease  relative  to  Comparisons  (relative  risk=1.06,  95%  confidence  interval: 
[0.80,1.41]).  Contrasts  by  military  occupation  were  inconsistent  and,  therefore,  not  supportive  of  an 
adverse  effect  of  herbicide  or  dioxin  exposure  on  the  occurrence  of  malignancies.  Ranch  Hand  enlisted 
groundcrew,  the  occupation  with  the  highest  dioxin  levels  and,  presumably,  the  highest  herbicide 
exposure,  exhibited  a  decreased  prevalence  (relative  risk=0.78,  95%  confidence  interval:  [0.51,1.19]). 
Enlisted  flyers  (relative  risk=1.63,  95%  confidence  interval:  [0.91,2.92]),  and  officers  (relative  risk=1.14, 
95%  confidence  interval:  [0.79,1.65]),  occupations  with  lower  dioxin  levels,  exhibited  nonsignificant 
increases  in  the  prevalence  of  malignant  disease.  The  risk  of  malignant  disease  was  not  significantly 
increased  among  Ranch  Hands  having  the  highest  dioxin  levels  (relative  risk=1.01,  95%  confidence 
interval:  [0.66,1.57]).  Longitudinal  analyses  found  no  significant  group  differences  with  regard  to  the 
risk  of  malignancy  and  no  pattern  suggestive  of  an  adverse  relation  between  herbicide  or  dioxin  exposure 
and  the  occurrence  of  malignant  neoplastic  disease. 


10.4  SUMMARY 

Skin  and  systemic  neoplasms,  verified  from  a  medical  records  review,  and  PSA  were  examined  in  the 
neoplasia  assessment.  Each  health  endpoint  was  examined  for  an  association  with  exposure  group 
(Model  1),  initial  dioxin  (Model  2),  categorized  dioxin  (Model  3),  and  1987  dioxin  levels  (Model  4). 
Complete  adjusted  analyses  were  limited  for  many  of  the  site-specific  malignant  systemic  neoplasms 
because  of  the  sparse  number  of  neoplasms. 

10.4.1  Model  1:  Group  Analysis 

Several  significant  results  were  observed  in  the  Model  1  adjusted  analysis  of  the  neoplasia  endpoints. 
Each  significant  result  showed  more  Ranch  Hands  than  Comparisons  with  the  specific  skin  or  systemic 
type  neoplasm;  however,  no  significant  results  were  found  within  the  enlisted  groundcrew  stratum,  the 
military  occupational  category  believed  to  have  been,  on  average,  the  most  heavily  exposed. 

Significantly  more  Ranch  Hands  than  Comparisons  had  skin  neoplasms  (all  types  combined).  This 
finding  was  true  for  officers  and  enlisted  flyers,  as  well  as  all  occupations  combined.  Ranch  Hand 
enlisted  flyers  had  a  marginally  significantly  increase  in  malignant  skin  neoplasms  in  relation  to 
Comparison  enlisted  flyers.  An  increase  in  benign  skin  neoplasms  was  observed  in  Ranch  Hands  over 
Comparisons,  both  when  combining  all  occupations  and  when  restricted  to  officers.  Ranch  Hand  enlisted 
flyers  exhibited  an  increase  in  basal  cell  carcinoma  in  relation  to  Comparison  enlisted  flyers.  This  result 
was  primarily  because  of  a  marginally  significant  increase  of  basal  cell  carcinoma  on  the  ear,  face,  head, 
or  neck.  Ranch  Hand  enlisted  flyers  showed  an  increase  of  nonmelanoma  relative  to  Comparisons.  This 
result  also  was  primarily  because  of  the  increase  in  basal  cell  carcinoma  in  Ranch  Hand  enlisted  flyers. 
Ranch  Hands  showed  a  marginally  significant  increase  over  Comparisons  in  malignant  systemic 
neoplasms  of  the  bronchus  and  lung  and  of  the  kidney  and  bladder.  Complete  results  of  the  Model  1 
analyses  are  shown  in  Table  10-40. 
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Table  10-40.  Summary  of  Group  Analysis  (Model  1)  for  Neoplasia  Variables  (Ranch  Hands  vs. 
Comparisons) 


UNADJUSTED 


:  Officer 

Flyer  gfjgj 

Enlisted 

Groundcrew 

Medical  Records 

Any  Skin  Neoplasm 

+0.007 

+0.034 

+0.040 

NS 

Malignant  Skin  Neoplasm 

NS 

NS 

NS* 

ns 

Benign  Skin  Neoplasm 

+0.010 

+0.031 

NS 

NS 

Skin  Neoplasm  of  Uncertain  Behavior  or 

NS 

ns 

ns 

NS 

Unspecified  Nature 

Any  Basal  Cell  Carcinoma 

NS 

NS 

NS* 

ns 

Basal  Cell  Carcinoma  on  Eye,  Ear,  Face, 

NS 

NS 

NS 

ns 

Head,  and  Neck 

Basal  Cell  Carcinoma  on  Trunk 

NS 

NS 

NS 

ns 

Basal  Cell  Carcinoma  on  Upper 

ns 

NS 

ns 

ns 

Extremities 

Basal  Cell  Carcinoma  on  Lower 

NS 

NS 

ns 

Extremities 

Squamous  Cell  Carcinoma 

NS 

NS 

NS 

NS 

Nonmelanoma 

NS 

NS 

+0.042 

ns 

Melanoma 

NS 

NS 

ns 

NS 

Any  Systemic  Neoplasm 

NS 

ns 

NS 

NS 

Malignant  Systemic  Neoplasm 

NS 

NS 

+0.049 

NS 

Benign  Systemic  Neoplasm 

NS 

ns 

NS 

NS 

Systemic  Neoplasm  of  Uncertain 

ns 

NS 

ns 

ns 

Behavior  or  Unspecified  Nature 

Malignant  Systemic  Neoplasm  of  Eye, 

NS 

NS 

ns 

ns 

Ear,  Face,  Head,  and  Neck 

Malignant  Systemic  Neoplasm  of  Oral 

ns 

NS 

ns 

ns 

Cavity,  Pharynx,  and  Larynx 

Malignant  Systemic  Neoplasm  of 

NS 

NS 

NS 

Thymus,  Heart,  and  Mediastinum 

Malignant  Systemic  Neoplasm  of 

NS 

NS 

ns 

Thyroid  Gland 

Malignant  Systemic  Neoplasm  of 

+0.008 

NS 

NS 

NS 

Bronchus  and  Lung 

Malignant  Systemic  Neoplasm  of  Liver 

NS 

ns 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Colon 

NS 

NS 

NS 

ns 

and  Rectum 

Malignant  Systemic  Neoplasm  of  Kidney 

+0.046 

NS 

NS 

NS 

and  Bladder 

Malignant  Systemic  Neoplasm  of 

ns 

ns 

NS 

ns 

Prostate 

Malignant  Systemic  Neoplasm  of 

NS 

NS 

NS 

NS 

Testicles 

Malignant  Systemic  Neoplasm  of 

ns 

NS 

ns 

Connective  and  Other  Soft  Tissues 
Hodgkin's  Disease 

ns 

ns 

ns 

Non-Hodgkin’s  Lymphoma 

ns 

ns 

— 

NS 
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Table  10-40 ,  Summary  of  Group  Analysis  (Model  1)  for  Neoplasia  Variables  (Ranch  Hands 
vs.  Comparisons)  (Continued) 

1 1  |  UNADJUSTED  ggff  | 

Variable 

ijiiiiiia 

Jig.  Officer  ; 

Enlisted 

Flyer 

Enlisted 

Ground, crew 

Other  Malignant  Systemic  Neoplasms  of 
Lymphoid  and  Histiocytic  Tissue 

ns 

ns 

ns 

NS 

All  Malignant  Skin  and  Systemic 

Neoplasms 

NS* 

NS 

+0.034 

ns 

All  Skin  and  Systemic  Neoplasms 

Laboratory 

+0.014 

NS* 

NS 

NS 

Prostate-Specific  Antigen  (C) 

ns 

ns 

NS 

ns 

Prostate-Specific  Antigen  (D) 

NS 

NS* 

ns 

ns 

Notes:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
P- value  given  if  p<0.05. 


A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


.............  AWUSnSD.-; 

Variable  All 

Officer  Flyer  Gi 

Enlisted  §|g 

Medical  Records 


Any  Skin  Neoplasm 

+0.005 

+0.030 

+0.040 

NS 

Malignant  Skin  Neoplasm 

NS 

NS 

NS* 

ns 

Benign  Skin  Neoplasm 

+0.011 

+0.035 

NS 

NS 

Skin  Neoplasm  of  Uncertain  Behavior  or 
Unspecified  Nature 

NS 

-- 

— 

NS 

Any  Basal  Cell  Carcinoma 

NS 

NS 

+0.046 

ns 

Basal  Cell  Carcinoma  on  Eye,  Ear,  Face, 
Head,  and  Neck 

NS 

NS 

NS* 

ns 

Basal  Cell  Carcinoma  on  Trunk 

NS 

NS 

NS 

ns 

Basal  Cell  Carcinoma  on  Upper 

Extremities 

ns 

ns 

ns 

ns 

Basal  Cell  Carcinoma  on  Lower 

Extremities 

NS 

NS 

— 

ns 

Squamous  Cell  Carcinoma 

NS 

NS 

NS 

NS 

Nonmelanoma 

NS 

NS 

+0.035 

ns 

Melanoma 

NS 

NS 

— 

NS 

Any  Systemic  Neoplasm 

ns 

ns 

ns 

ns 

Malignant  Systemic  Neoplasm 

NS 

NS 

NS 

ns 

Benign  Systemic  Neoplasm 

ns 

ns 

ns 

NS 

Systemic  Neoplasm  of  Uncertain 

Behavior  or  Unspecified  Nature 

ns 

ns 

ns 

ns 
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Table  10-40.  Summary  of  Group  Analysis  (Model  1)  for  Neoplasia  Variables  (Ranch  Hands 
vs.  Comparisons)  (Continued) 


AI>J1JSTJED 

Officer 

Enlisted 

Flyer 

Enlisted 

II  Groundcrew  j§® 

Malignant  Systemic  Neoplasm  of  Eye, 

Ear,  Face,  Head,  and  Neck 

ns 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of  Oral 
Cavity,  Pharynx,  and  Larynx 

ns 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of 

Thymus,  Heart,  and  Mediastinum 

— 

— 

— 

— 

Malignant  Systemic  Neoplasm  of 

Thyroid  Gland 

NS 

NS 

— 

- 

Malignant  Systemic  Neoplasm  of 

Bronchus  and  Lung 

NS* 

NS 

NS 

— 

Malignant  Systemic  Neoplasm  of  Liver 

NS 

— 

— 

NS 

Malignant  Systemic  Neoplasm  of  Colon 
and  Rectum 

NS 

NS 

NS 

ns 

Malignant  Systemic  Neoplasm  of  Kidney 
and  Bladder 

NS* 

NS 

- 

NS 

Malignant  Systemic  Neoplasm  of 

Prostate 

ns 

ns 

NS 

ns 

Malignant  Systemic  Neoplasm  of 

Testicles 

— 

-- 

-- 

- 

Malignant  Systemic  Neoplasm  of 

Connective  and  Other  Soft  Tissues 

ns 

— 

— 

-- 

Hodgkin’s  Disease 

ns 

ns 

— 

— 

Non-Hodgkin’s  Lymphoma 

ns 

— 

— 

ns 

Other  Malignant  Systemic  Neoplasms  of 
Lymphoid  and  Histiocytic  Tissue 

ns 

ns 

— 

NS 

All  Malignant  Skin  and  Systemic 

Neoplasms 

NS 

NS 

NS 

ns 

All  Skin  and  Systemic  Neoplasms 

Laboratory 

NS 

NS 

NS 

ns 

Prostate-Specific  Antigen  (C) 

NS 

ns 

NS 

NS 

Prostate-Specific  Antigen  (D) 

NS 

NS 

ns 

ns 

Notes:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

—:  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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10.4.2  Model  2:  Initial  Dioxin  Analysis 


The  Model  1  group  analysis  showed  significant  Ranch  Hand  increases  in  the  history  of  neoplasms  relative 
to  Comparisons.  In  contrast,  analysis  of  the  association  of  initial  dioxin  with  neoplasms  within  Ranch 
Hands  showed  several  significant  results,  but  all  dose-response  relations  were  inverse  in  nature.  As  initial 
dioxin  increased,  the  occurrence  of  a  neoplasm  decreased.  Significant  inverse  dose-response  related  to 
skin  neoplasms  included  all  skin  neoplasms,  benign  skin  neoplasms,  basal  cell  carcinoma,  and  basal  cell 
carcinoma  on  the  ear,  face,  head,  and  neck.  The  analysis  of  nonmelanoma  was  marginally  significant. 

The  analysis  of  malignant  systemic  neoplasms  of  the  thyroid  gland  was  marginally  significant,  but  this 
type  of  neoplasm  decreased  as  initial  dioxin  increased.  The  prevalence  of  high  PSA  levels  also  decreased 
as  initial  dioxin  increased.  Results  of  all  Model  2  analyses  are  shown  in  Table  10-41. 


Table  10-41.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Neoplasia  Variables 
(Ranch  Hands  Only) 


j§|||  .Unadjusted I 

Silll  ? 

Medical  Records 

Any  Skin  Neoplasm 

-0.001 

-0.028 

Malignant  Skin  Neoplasm 

-0.015 

ns 

Benign  Skin  Neoplasm 

-0.022 

-0.020 

Skin  Neoplasm  of  Uncertain  Behavior  or 

Unspecified  Nature 

ns 

ns 

Any  Basal  Cell  Carcinoma 

-<0.001 

-0.014 

Basal  Cell  Carcinoma  on  Eye,  Ear,  Face,  Head, 
and  Neck 

-<0.001 

-0.003 

Basal  Cell  Carcinoma  on  Trunk 

ns 

NS 

Basal  Cell  Carcinoma  on  Upper  Extremities 

-0.024 

ns 

Basal  Cell  Carcinoma  on  Lower  Extremities 

NS 

NS 

Squamous  Cell  Carcinoma 

ns 

ns’ 

Nonmelanoma 

-0.003 

ns* 

Melanoma 

NS 

NS 

Any  Systemic  Neoplasm 

ns 

NS 

Malignant  Systemic  Neoplasm 

-0.001 

ns 

Benign  Systemic  Neoplasm 

NS 

ns 

Systemic  Neoplasm  of  Uncertain  Behavior  or 
Unspecified  Nature 

ns 

NS 

Malignant  Systemic  Neoplasm  of  Eye,  Ear, 

Face,  Head,  and  Neck 

ns* 

ns 

Malignant  Systemic  Neoplasm  of  Oral  Cavity, 
Pharynx,  and  Larynx 

ns 

NS 

Malignant  Systemic  Neoplasm  of  Thymus, 

Heart,  and  Mediastinum 

— 

— 

Malignant  Systemic  Neoplasm  of  Thyroid 

Gland 

-0.046 

ns* 

Malignant  Systemic  Neoplasm  of  Bronchus  and 

Lung 

-0.030 

ns 

Malignant  Systemic  Neoplasm  of  Liver 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Colon  and 

Rectum 

ns 

ns 

Malignant  Systemic  Neoplasm  of  Kidney  and 

Bladder 

ns 

NS 
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Table  10-41.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Neoplasia  Variables  (Ranch 
Hands  Only)  (Continued) 


Variable 

Unadjusted 

Adjusted 

Malignant  Systemic  Neoplasm  of  Prostate 

-0.007 

ns 

Malignant  Systemic  Neoplasm  of  Testicles 

ns 

ns 

Malignant  Systemic  Neoplasm  of  Connective 
and  Other  Soft  Tissues 

NS 

NS 

Hodgkin’s  Disease 

— 

— 

Non-Hodgkin’s  Lymphoma 

— 

- 

Other  Malignant  Systemic  Neoplasms  of 

Lymphoid  and  Histiocytic  Tissue 

- 

~ 

All  Malignant  Skin  and  Systemic  Neoplasms 

-0.001 

ns 

All  Skin  and  Systemic  Neoplasms 

Laboratory 

-0.017 

ns 

Prostate-Specific  Antigen  (C) 

-0.010 

ns 

Prostate-Specific  Antigen  (D) 

-<0.001 

-0.014 

Notes:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 
1 .00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 


10.4.3  Model  3:  Categorized  Dioxin  Analysis 

The  unadjusted  analysis  of  the  skin  neoplasia  variables  revealed  several  significant  results.  A  significant 
increase  of  Ranch  Hands  in  the  background  category  relative  to  Comparisons  was  seen  for  all  skin 
neoplasms  combined  and  benign  skin  neoplasm.  Only  one  contrast  of  Ranch  Hands  in  the  high  dioxin 
category  with  Comparisons  exhibited  a  marginally  significant  increase  (neoplasm  of  the  liver).  Most 
significant  results  showed  an  increase  in  neoplasms  of  Ranch  Hands  in  the  low  dioxin  category  relative  to 
Comparisons.  Significant  or  marginally  significant  increases  of  skin  neoplasms  in  Ranch  Hands  in  the 
low  dioxin  category  were  seen  for  all  skin  neoplasms,  malignant  skin  neoplasms,  basal  cell  carcinoma 
(primarily  eye,  ear,  face,  head,  or  neck)  and  nonmelanoma. 

Similar  to  the  skin  neoplasm  analyses,  most  results  that  were  significant  or  marginally  significant  for  the 
systemic  neoplasm  analyses  were  from  the  contrast  of  Ranch  Hands  in  the  low  dioxin  category  with 
Comparisons.  Any  malignant  systemic  neoplasm,  a  malignant  systemic  neoplasm  of  bronchus  and  lung,  a 
malignant  systemic  neoplasm  of  kidney  and  bladder,  and  a  malignant  systemic  neoplasm  of  testicles  were 
increased  in  Ranch  Hands  in  the  low  dioxin  category  relative  to  Comparisons.  In  addition,  an  increase  in 
all  malignant  skin  and  systemic  neoplasms  was  observed  for  Ranch  Hands  in  the  low  dioxin  category. 
Complete  results  of  the  Model  3  analyses  are  shown  in  Table  10-42. 
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Table  10-42.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Neoplasia  Variables  (Ranch 
Hands  vs.  Comparisons) 


;  UNADJUSTED  -j  1 

|i  Background  |  J 

:  Low 

High 

|  •  Low  pIuS:High|| 

Ranch  Hinds 

>,  Ranch  Hands  | 

RanchHands 

RanchHands 

vs.  Comparisons 

vs.  Comparisons 

vs.  Coihpiarisons  | 

vs.  Comparisons 

Medical  Records 

Any  Skin  Neoplasm 

+0.001 

+0.005 

ns 

NS 

Malignant  Skin  Neoplasm 

NS 

+0.023 

ns 

NS 

Benign  Skin  Neoplasm 

+<0.001 

NS 

ns 

NS 

Skin  Neoplasm  of  Uncertain  Behavior 
or  Unspecified  Nature 

ns 

NS 

NS 

NS 

Any  Basal  Cell  Carcinoma 

NS 

+0.012 

ns 

NS 

Basal  Cell  Carcinoma  on  Eye,  Ear, 
Face,  Head,  and  Neck 

NS 

+0.020 

ns 

NS 

Basal  Cell  Carcinoma  on  Trunk 

NS 

NS 

ns 

NS 

Basal  Cell  Carcinoma  on  Upper 

ns 

NS 

ns 

ns 

Extremities 

Basal  Cell  Carcinoma  on  Lower 
Extremities 

NS 

NS 

ns 

ns 

Squamous  Cell  Carcinoma 

NS 

NS 

ns 

NS 

Nonmelanoma 

NS 

+0.034 

ns 

NS 

Melanoma 

NS 

NS 

NS 

NS 

Any  Systemic  Neoplasm 

ns 

NS* 

NS 

NS 

Malignant  Systemic  Neoplasm 

ns 

+<0.001 

ns 

NS 

Benign  Systemic  Neoplasm 

NS 

NS 

NS 

NS 

Systemic  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 

NS 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of 

Eye,  Ear,  Face,  Head,  and  Neck 

ns 

NS 

ns 

NS 

Malignant  Systemic  Neoplasm  of 

Oral  Cavity,  Pharynx,  and  Larynx 

ns 

NS 

ns 

NS 

Malignant  Systemic  Neoplasm  of 
Thymus,  Heart,  and  Mediastinum 

NS* 

__ 

-- 

— 

Malignant  Systemic  Neoplasm  of 
Thyroid  Gland 

ns 

NS* 

ns 

NS 

Malignant  Systemic  Neoplasm  of 

NS 

+<0.001 

ns 

+0.003 

Bronchus  and  Lung 

Malignant  Systemic  Neoplasm  of 

Liver 

ns 

ns 

NS* 

NS 

Malignant  Systemic  Neoplasm  of 

Colon  and  Rectum 

ns 

NS* 

ns 

NS 

Malignant  Systemic  Neoplasm  of 
Kidney  and  Bladder 

NS 

+0.015 

NS 

NS* 

Malignant  Systemic  Neoplasm  of 
Prostate 

ns 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of 
Testicles 

— 

+0.024 

NS 

+0.034 

Malignant  Systemic  Neoplasm  of 
Connective  and  Other  Soft  Tissues 

ns 

ns 

NS 

NS 

Hodgkin’s  Disease 

ns 

ns 

ns 

ns 

Non-Hodgkin’s  Lymphoma 

ns 

ns 

ns 

ns 
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Table  10-42.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Neoplasia  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED 


Background 
Ranch  Hands  ||| 
Jys.  Comparisons 

Low 

Ranch  Hands 
vsi  Comparisons 

High 

RanchHands 
vs.  Comparisons 

Lo^ 

§{  Ranch  Hands 
vs.  Comparisons 

Other  Malignant  Systemic  Neoplasms 
of  Lymphoid  and  Histiocytic  Tissue 

NS 

ns 

ns 

ns 

All  Malignant  Skin  and  Systemic 
Neoplasms 

NS 

+<0.001 

ns 

NS 

All  Skin  and  Systemic  Neoplasms 

Laboratory 

+0.030 

+0.007 

NS 

NS* 

Prostate-Specific  Antigen  (C) 

ns 

NS 

ns* 

ns 

Prostate-Specific  Antigen  (D) 

ns 

+0.040 

ns 

NS 

Notes:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


■  ■ 

Variable 

Ifll  Background  ? 

vs.Comparisons 

Low 

Ranch  Hands 
vs.  Comparisons 

§gff  -  High  ||||| 
Ranch  Hands 
|  vs.  Comparisons 

If  Ranch  Hands  |  § 
vs.  Comparisons 

Medical  Records 

Any  Skin  Neoplasm 

+0.004 

+0.011 

NS 

NS* 

Malignant  Skin  Neoplasm 

NS 

NS* 

NS 

NS 

Benign  Skin  Neoplasm 

+0.001 

NS 

ns 

NS 

Skin  Neoplasm  of  Uncertain  Behavior 
or  Unspecified  Nature 

ns 

NS 

ns 

NS 

Any  Basal  Cell  Carcinoma 

NS 

+0.026 

ns 

NS 

Basal  Cell  Carcinoma  on  Eye,  Ear, 
Face,  Head,  and  Neck 

NS 

NS* 

ns 

NS 

Basal  Cell  Carcinoma  on  Trunk 

ns 

NS 

NS 

NS 

Basal  Cell  Carcinoma  on  Upper 
Extremities 

ns 

ns 

ns 

ns 

Basal  Cell  Carcinoma  on  Lower 
Extremities 

NS 

ns 

NS 

ns 

Squamous  Cell  Carcinoma 

NS 

NS 

NS 

NS 

Nonmelanoma 

NS 

NS* 

NS 

NS 

Melanoma 

NS 

NS 

NS 

NS* 

Any  Systemic  Neoplasm 

ns* 

ns 

ns 

ns 

Malignant  Systemic  Neoplasm 

ns 

+0.012 

ns 

NS 

Benign  Systemic  Neoplasm 

ns 

ns 

-  NS 

ns 

Systemic  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 

ns 

ns 

ns 

ns 
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Table  10-42.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Neoplasia  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


Variable 

1  Background 
Ranch  Hands 
vs.  Comparisons 

Low  ■ 

Ranch  Hands 
vs.  Comparisons 

High 

grRancft'Hands; 

:  vs.  Comparisons  i 

Low  plus  High 
Ranch  Hands 
vs.  Comparisons 

Malignant  Systemic  Neoplasm  of 

Eye,  Ear,  Face,  Head,  and  Neck 

ns 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of 

Oral  Cavity,  Pharynx,  and  Larynx 

ns 

NS 

ns 

ns 

Malignant  Systemic  Neoplasm  of 
Thymus,  Heart,  and  Mediastinum 

— 

-- 

~ 

— 

Malignant  Systemic  Neoplasm  of 
Thyroid  Gland 

— 

NS 

- 

- 

Malignant  Systemic  Neoplasm  of 
Bronchus  and  Lung 

NS 

+0.008 

— 

— 

Malignant  Systemic  Neoplasm  of 

Liver 

— 

— 

NS* 

- 

Malignant  Systemic  Neoplasm  of 
Colon  and  Rectum 

ns 

NS 

ns 

NS 

Malignant  Systemic  Neoplasm  of 
Kidney  and  Bladder 

NS 

+0.044 

NS 

NS* 

Malignant  Systemic  Neoplasm  of 
Prostate 

ns* 

ns 

ns 

ns 

Malignant  Systemic  Neoplasm  of 
Testicles 

— 

— 

- 

- 

Malignant  Systemic  Neoplasm  of 
Connective  and  Other  Soft  Tissues 

— 

- 

NS 

- 

Hodgkin’s  Disease 

ns 

— 

— 

_ 

Non-Hodgkin’s  Lymphoma 

ns 

— 

— 

__ 

Other  Malignant  Systemic  Neoplasms 
of  Lymphoid  and  Histiocytic  Tissue 

NS 

— 

— 

- 

All  Malignant  Skin  and  Systemic 
Neoplasms 

ns 

+0.035 

NS 

NS 

All  Skin  and  Systemic  Neoplasms 

Laboratory 

NS 

NS 

ns 

NS 

Prostate-Specific  Antigen  (C) 

ns 

NS 

NS 

NS 

Prostate-Specific  Antigen  (D) 

ns 

NS 

NS 

NS 

Notes:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

~ :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


10-132 


10,4.4  Model  4:  1987  Dioxin  Analysis 

Results  from  the  adjusted  1987  dioxin  analysis  of  neoplasms  showed  few  significant  results.  As  1987 
dioxin  increased,  significant  increases  in  basal  cell  carcinoma  on  the  trunk  and  a  malignant  neoplasm  of 
the  liver  were  found.  Significant  decreases  with  increasing  levels  of  1987  dioxin  were  found  for  benign 
skin  neoplasms  and  a  malignant  neoplasm  of  the  thymus,  heart,  or  mediastinum.  Other  results  that  were 
significant  in  the  unadjusted  analysis  were  nonsignificant  after  adjustment  for  covariates.  Results  of  all 
analyses  of  1987  dioxin  are  provided  in  Table  10-43. 


Table  10-43.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Neoplasia  Variables  (Ranch 
Hands  Only) 


Variable 

||  \  Unadjusted 

Adjusted 

Medical  Records 

Any  Skin  Neoplasm 

-0.012 

ns 

Malignant  Skin  Neoplasm 

ns 

NS 

Benign  Skin  Neoplasm 

-0.003 

-0.005 

Skin  Neoplasm  of  Uncertain  Behavior  or 

Unspecified  Nature 

NS 

NS 

Any  Basal  Cell  Carcinoma 

-0.037 

ns 

Basal  Cell  Carcinoma  on  Eye,  Ear,  Face,  Head, 
and  Neck 

-0.021 

ns 

Basal  Cell  Carcinoma  on  Trunk 

ns 

+0.016 

Basal  Cell  Carcinoma  on  Upper  Extremities 

ns 

NS 

Basal  Cell  Carcinoma  on  Lower  Extremities 

ns 

ns 

Squamous  Cell  Carcinoma 

ns 

NS 

Nonmelanoma 

ns* 

NS 

Melanoma 

NS 

NS 

Any  Systemic  Neoplasm 

NS 

NS 

Malignant  Systemic  Neoplasm 

ns 

NS 

Benign  Systemic  Neoplasm 

NS 

NS 

Systemic  Neoplasm  of  Uncertain  Behavior  or 
Unspecified  Nature 

ns 

NS 

Malignant  Systemic  Neoplasm  of  Eye,  Ear, 

Face,  Head,  and  Neck 

ns 

NS 

Malignant  Systemic  Neoplasm  of  Oral  Cavity, 
Pharynx,  and  Larynx 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Thymus, 

Heart,  and  Mediastinum 

-0.038 

-0.017 

Malignant  Systemic  Neoplasm  of  Thyroid 

Gland 

ns 

ns 

Malignant  Systemic  Neoplasm  of  Bronchus  and 

Lung 

ns 

NS 

Malignant  Systemic  Neoplasm  of  Liver 

NS* 

+0.042 

Malignant  Systemic  Neoplasm  of  Colon  and 

Rectum 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Kidney  and 

Bladder 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Prostate 

ns 

ns 

Malignant  Systemic  Neoplasm  of  Testicles 

NS 

NS 

Malignant  Systemic  Neoplasm  of  Connective 

NS 

NS 

and  Other  Soft  Tissues 

Hodgkin’s  Disease 

ns 

ns 
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Table  10-43.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Neoplasia  Variables  (Ranch 
Hands  Only)  (Continued) 


Variable 

Jffgjl  Unadjusted  |  :f :|||j|iy| 

Adjusted 

Non-Hodgkin’s  Lymphoma 

ns 

ns 

Other  Malignant  Systemic  Neoplasms  of 

ns 

ns 

Lymphoid  and  Histiocytic  Tissue 

All  Malignant  Skin  and  Systemic  Neoplasms 

ns 

NS 

All  Skin  and  Systemic  Neoplasms 

ns 

ns 

Laboratory 

Prostate-Specific  Antigen  (C) 

-0.043 

ns 

Prostate-Specific  Antigen  (D) 

ns 

NS 

Notes:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 
1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 


10.5  CONCLUSION 

Several  analyses  showed  significantly  more  Ranch  Hands  than  Comparisons  with  a  history  of  malignant 
skin  or  systemic  neoplasms;  however,  no  significant  results  were  found  within  the  enlisted  groundcrew 
stratum,  the  military  occupational  category  believed  to  have  been,  on  average,  the  most  heavily  exposed. 
When  the  association  between  initial  dioxin  and  malignant  neoplasms  was  examined  within  Ranch  Hands, 
the  neoplasm  occurrence  decreased  as  initial  dioxin  increased.  A  significant  increase  of  malignant 
neoplasms  for  Ranch  Hands  in  the  low  dioxin  category  relative  to  Comparisons  was  observed,  but  there 
was  no  such  increase  in  Ranch  Hands  in  the  high  dioxin  category.  In  summary,  at  the  end  of  15  years  of 
surveillance,  Ranch  Hands  do  not  exhibit  a  significantly  increased  risk  for  neoplastic  disease,  nor  do  they 
show  a  positive  dose-response  relation  between  dioxin  and  malignant  neoplastic  conditions. 
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11  NEUROLOGICAL  ASSESSMENT 


11.1  INTRODUCTION 

11.1.1  Background 

The  recent  association  of  neurological  symptoms  with  herbicide  exposure  has  motivated  much  of  the 
research  toward  the  potential  neurotoxicity  of  dioxin.  Studies  of  industrial  accidents,  as  discussed 
subsequently  in  this  section,  have  demonstrated  that  the  mixed  sensorimotor  neuropathy  associated  with 
extreme  chlorophenol  toxicity  is  reversible  and  that  there  is  little  scientific  evidence  to  date  for  any 
chronic  central  or  peripheral  neurological  disease  in  humans  associated  with  low-level  2,3, 7,8- 
tetrachlorodibenzo-p-dioxin  (dioxin)  exposure.  Neurobehavioral  endpoints  in  humans,  the  subject  of 
intensive  investigation  in  this  and  other  studies  of  Vietnam  veterans,  are  considered  separately  in  Chapter 
12,  Psychological  Assessment. 

Much  of  the  basic  research  in  animal  models  has  focused  on  neurobehavioral  sequelae  consequent  to 
dichlorophenoxyacetic  acid  (2,4-D,  a  component  of  Agent  Orange)  and  2,4,5-trichlorophenoxyacetic  acid 
(2,4,5-T)  rather  than  dioxin  toxicity  in  laboratory  animal  experiments  (1-4).  In  another  series  of  studies, 
the  neurobehavioral  effects  of  exposure  to  an  ester  of  2,4-D  were  found  to  be  rapidly  reversible,  and  the 
authors  proposed  a  cellular  rather  than  biochemical  basis  for  the  tolerance  that  developed  with  repeated 
injections  (5,6). 

Several  studies  have  investigated  the  neurotoxic  effects  of  dioxin  in  laboratory  animals  with  inconsistent 
results.  Rats  given  a  high  dose  of  dioxin  (1,000  pg/kg)  intraperitoneally  demonstrated  no  apparent 
neurological  deficits  (7).  The  intracerebro ventricular  administration  of  dioxin  proved  far  more  toxic  than 
the  subcutaneous  route  in  producing  a  wasting  syndrome  in  rats,  although  specific  neurological  indices 
were  not  examined  (8).  In  another  study,  the  neuromuscular  effects  associated  with  acute  lethal  doses  of 
dioxin  in  rats  were  primarily  in  muscle  tissue  rather  than  peripheral  nerves  (9). 

Two  experimental  animal  studies  can  be  cited  as  more  relevant  to  the  question  of  dioxin-induced 
neurotoxicity  in  humans.  In  the  first  study  (10),  strengthened  by  the  inclusion  of  electrophysiologic 
measurements,  Wistar  rats  received  a  single  intraperitoneal  low  dose  of  dioxin  in  one  of  four  strengths. 
Electrophysiologic  studies  of  the  sciatic  nerve  after  injection  documented  dose-dependent  and 
statistically  significant  reductions  in  motor  and  sensory  nerve  conduction  velocities  relative  to  the 
controls.  In  a  companion  report,  the  same  authors  provide  histopathologic  correlations  with 
electrophysiologic  findings  (11).  Ten  months  after  exposure,  microscopic  studies  confirmed  the 
histologic  appearance  of  a  severe  peripheral  neuropathy  of  the  axonal  and  demyelinating  type. 

In  humans,  there  is  only  circumstantial  evidence  linking  2,4-D  exposure  to  neurotoxicity,  and  the 
arguments  against  a  causal  relation  have  been  summarized  in  a  review  article  (12).  Toxic  doses  of  2,4-D, 
as  much  as  3,600  mg  given  intravenously  in  a  single  dose  to  a  human  and  a  cumulative  dose  of  16,312 
mg  administered  over  5  weeks,  induced  transient  neurological  signs  and  symptoms  but  no  long-term 
sequelae  (13). 

A  host  of  neurological  symptoms  has  been  reported  following  dioxin  exposure  and  has  been  grouped 
under  the  generic  term  of  “neurasthenia.”  Numerous  studies  have  been  published  describing  neurological 
sequelae  in  populations  exposed  to  dioxin  by  occupation  (14-21),  environmental  contamination  (22-26) 
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and  industrial  accidents  (27-33),  and  in  association  with  service  in  Southeast  Asia  (SEA)  during  the 
Vietnam  War  (34-40). 

The  1976  chemical  explosion  in  Seveso,  Italy,  has  provided  a  basis  for  numerous  reports  on  the  exposed 
population  (27-30,  32,  33),  and  several  of  these  reports  have  included  clinical  and  laboratory  indices  in 
the  examination  protocols,  most  of  which  have  focused  on  signs  and  symptoms  of  peripheral  neuropathy 
as  primary  clinical  endpoints.  In  one  study,  152  subjects  with  chloracne,  a  marker  for  high-level  dioxin 
exposure,  were  compared  with  controls.  An  abnormality  was  found  in  only  1  of  13  neurophysiologic 
indices,  and  none  of  the  exposed  subjects  were  found  to  have  a  peripheral  neuropathy  by  World  Health 
Organization  criteria  (30).  Other  investigators  who  included  electromyographic  studies  in  the 
examination  protocols  reached  similar  conclusions  (27,  29,  32),  as  did  those  studying  the  populations 
exposed  consequent  to  uncontrolled  chemical  reactions  that  occurred  in  Germany  in  1953  (31)  and  in 
Nitro,  West  Virginia,  in  1949  (17). 

In  contrast,  one  occupational  study  of  47  railroad  workers  examined  6  years  after  a  chemical  spill 
revealed  evidence,  through  electrophysiol ogic  measurements,  for  a  peripheral  neuropathy  in  43  of  these 
workers.  High  prevalences  of  dystonia  (53%)  and  tremor  (78%)  were  documented  (14).  These  results 
have  not  been  confirmed  by  any  other  studies,  and  the  conclusions  were  limited  by  the  lack  of  a  control 
group  and  by  exposure  to  other  chemicals. 

Point-source  environmental  exposure  to  dioxin  has  been  the  focus  of  numerous  epidemiological  studies, 
some  of  which  have  included  neurological  indices  in  their  protocols  (22-26).  In  1971,  waste  byproducts 
contaminated  with  dioxin  were  mixed  with  oils  and  widely  sprayed  for  dust  control  in  residential  areas  in 
eastern  Missouri.  Soil  concentrations  in  some  areas  reached  2,200  parts  per  billion,  far  exceeding  the 
highest  degree  of  ground  contamination  that  occurred  at  Seveso.  Comprehensive  medical  evaluations  of 
exposed  and  unexposed  cohorts  included  detailed  neurological  examinations  and,  in  one  report  (24), 
quantitative  studies  of  tactile,  vibratory,  and  thermal  sensory  perception.  The  Missouri  dioxin  studies 
have  been  summarized  in  a  review  article  (26)  and,  to  date,  none  has  found  any  clinical  evidence  for 
central  or  peripheral  neurological  disease  associated  with  exposure  to  dioxin.  In  the  only  Missouri  study 
to  relate  neurological  endpoints  to  tissue  levels  of  dioxin  (23),  no  associations  were  found  between  the 
body  burden  of  dioxin  and  abnormalities  in  deep  tendon  reflexes  or  pain  and  vibratory  sensation. 

An  epidemiological  study  conducted  by  the  National  Institute  of  Occupational  Safety  and  Health  is  one 
of  few  to  relate  serum  dioxin  levels  to  neurological  indices  (20).  The  prevalence  of  peripheral 
neuropathy  was  determined  in  265  workers  with  a  mean  serum  dioxin  level  of  220  parts  per  trillion  (ppt) 
15  years  after  exposure  and  in  244  referents  with  a  level  of  7  ppt.  The  diagnosis  of  peripheral  neuropathy 
was  established  by  symptoms  and  by  data  collected  during  physical  examination,  electrophysiologic 
studies,  and  quantitative  sensory  testing.  Although  the  study  could  not  rule  out  neurological  symptoms 
associated  with  acute  exposure,  there  was  no  evidence  for  a  dose-response  relation  between  dioxin  levels 
and  peripheral  neuropathy. 

Few  studies  of  Vietnam  veterans  have  incorporated  neurological  data  into  their  protocols  and,  with  the 
exception  of  the  Air  Force  Health  Study  (AFHS),  none  has  correlated  neurological  indices  with  tissue 
levels  of  dioxin.  One  large-scale  study  of  American  Legion  veterans  who  served  in  Vietnam  found  an 
increased  incidence  of  reported  neurobehavioral  disorders  among  veterans  who  reported  exposure  to 
herbicides  (34). 

The  Vietnam  Experience  Study,  conducted  by  the  United  States  Centers  for  Disease  Control  and 
Prevention,  compared  the  health  status  of  2,490  Vietnam  veterans  with  1,972  non-Vietnam  veterans  (35). 
The  study  protocol  included  comprehensive  neurological  examinations,  nerve  conduction  velocity 
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studies,  and  neurophysiologic  indices  of  vibratory,  thermal,  and  auditory  sensation.  Aside  from  an 
increased  prevalence  of  combat-related  high  frequency  hearing  loss  in  a  pattern  consistent  with  prior 
noise  exposure,  no  neurological  abnormalities  were  noted  in  association  with  service  in  Vietnam. 

In  the  baseline  examination  of  the  AFHS  (36),  an  increased  prevalence  of  abnormal  Babinski  reflexes 
was  noted  in  Ranch  Hand  personnel  relative  to  Comparisons,  a  finding  not  confirmed  at  the  1985  (37), 
1987  (38),  or  1992  (39)  follow-up  examinations.  In  the  1987  examination.  Ranch  Hand  participants  were 
found  to  have  more  coordination  abnormalities  than  Comparisons,  but  subsequent  analyses  found  no 
correlation  with  serum  dioxin  levels.  A  few  statistically  significant  associations  were  noted  but  not  in  a 
pattern  consistent  with  a  dose-response  effect  (40).  In  the  AFHS  1992  examination,  the  prevalence  of 
neurological  disease  was  comparable  in  the  Ranch  Hand  and  Comparison  groups,  and  there  was  no 
consistent  evidence  for  a  dose-response  effect  with  either  estimated  initial  dioxin  levels  or  current  dioxin 
levels  (39).  In  the  most  recent  report  published  by  the  Institute  of  Medicine  (41),  the  committee 
concluded  that  there  is  “Iimited/suggestive”  evidence  of  an  association  between  exposure  to  certain 
herbicides  used  in  Vietnam  and  the  development  of  an  acute  or  subacute  transient  peripheral  neuropathy. 

In  summary,  the  animal  research  and  human  epidemiological  studies  cited  above  suggest  that  the 
peripheral  nervous  system  is  a  target  organ  for  acute  dioxin  toxicity.  Longitudinal  studies  suggest  that 
the  neurological  signs  and  symptoms  attributable  to  heavy  acute  exposure  resolve  over  time  and  are  not 
associated  with  any  long-term  sequelae.  Exposures  equivalent  to  those  likely  to  have  been  encountered 
by  Vietnam  veterans  have  not  been  associated  with  persistent  neurological  abnormalities. 

11.1.2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
11.1.2.1  1982  Baseline  Study  Summary  Results 

The  1982  AFHS  neurological  assessment  consisted  of  questionnaire,  physical  examination,  and 
electromyographic  data  obtained  by  examiners  and  technicians  who  were  blind  to  the  group  identity  of 
each  participant.  The  physical  examination  required  an  average  of  30  minutes  to  complete.  Analyses 
were  adjusted  for  reported  alcohol  usage,  exposure  to  insecticides  and  industrial  chemicals,  and  glucose 
intolerance  (diabetes). 

Results  of  the  questionnaire  disclosed  no  significant  group  differences  in  reported  neurological  diseases. 
The  physical  examination  did  not  reveal  any  statistically  significant  group  differences  in  the  function  of 
the  12  cranial  nerves.  Peripheral  nerve  function  was  assessed  by  the  quality  of  four  reflexes  (patellar, 
Achilles,  biceps,  and  Babinski);  muscle  strength  or  bulk;  and  reaction  to  the  stimuli  of  pinprick,  light 
touch,  and  vibration.  Other  than  a  statistically  significant  increase  (p=0.03)  in  Ranch  Hand  Babinski 
reflexes,  significant  group  differences  were  not  detected. 

Nerve  conduction  velocities  were  obtained  on  the  ulnar  nerve  above  and  below  the  elbow  and  the 
peroneal  nerve.  The  results  for  each  segmental  measurement  were  nearly  identical  in  the  Ranch  Hand 
and  Comparison  groups.  Conduction  velocity  showed  highly  significant  inverse  relations  to  both  alcohol 
and  diabetes  in  almost  all  of  the  anatomic  measurements.  No  group  associations  or  interactions  were 
detected  with  the  reported  exposure  to  industrial  and  degreasing  chemicals  and  insecticides. 

No  significant  group  differences  were  detected  in  four  measures  of  central  neurological  function  (tremor, 
finger-nose  coordination,  modified  positive  Romberg  sign,  or  abnormal  gait).  Alcohol  usage  was 
significantly  associated  with  the  presence  of  tremor,  and  glucose  intolerance  was  highly  correlated  to 
abnormal  balance  and  the  presence  of  tremor. 
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11.1.2.2  1985  Follow-up  Study  Summary  Results 

The  1985  AFHS  neurological  examination  did  not  include  the  measurements  of  nerve  conduction 
velocities,  but  otherwise  repeated  the  baseline  examination  protocol.  The  questionnaire  maintained  a 
historical  focus  on  neurasthenia  through  five  questions  for  the  1982-1985  interval.  With  this  similarity  in 
examination  and  questionnaire,  the  dependent  variables  of  the  analyses  were  the  same  as  those  of  the 
baseline  study. 

Interval  questionnaire  data  (1982-1985)  on  neurological  illness,  verified  by  medical  records,  revealed  no 
significant  group  differences.  These  data  were  added  to  verified  baseline  examination  historical 
information  to  assess  possible  differences  in  the  lifetime  experience  of  neurological  disease.  Again, 
there  was  no  significant  difference  between  the  Ranch  Hand  and  Comparison  groups. 

The  neurological  examination  evaluated  neurological  integrity  in  three  broad  areas:  cranial  nerve 
function,  peripheral  nerve  status,  and  central  nervous  system  (CNS)  coordination.  Assessment  of  the  12 
cranial  nerves  was  based  on  the  measurement  of  15  variables.  Two  summary  indices  were  constructed. 
Neither  the  unadjusted  nor  the  adjusted  analyses  disclosed  any  statistically  significant  group  differences, 
although  two  variables  (speech  and  tongue  position)  were  of  marginal  significance;  with  Ranch  Hands 
faring  worse  than  Comparisons.  One  of  the  two  cranial  nerve  summary  indices  was  marginally 
significant,  again  with  the  Ranch  Hands  adversely  affected.  In  contrast  to  the  baseline  examination,  there 
was  no  significant  group  difference  in  Babinski  reflex.  The  unadjusted  and  adjusted  analyses  of 
peripheral  nerve  function,  as  measured  by  eight  variables  (four  reflexes,  three  sensory  determinations, 
and  muscle  mass),  did  not  reveal  significant  group  differences.  Coordination  was  evaluated  by  four 
measurements  and  a  constructed  summary  variable.  Hand  tremor  was  found  to  be  of  marginal 
significance,  with  Ranch  Hands  faring  slightly  worse  than  Comparisons.  The  CNS  summary  index 
showed  significant  adverse  effects  for  Ranch  Hands. 

In  a  longitudinal  analysis  of  the  Romberg  sign  and  the  Babinski  reflex,  only  the  Babinski  reflex  revealed 
a  significant  difference  between  the  baseline  examination  and  the  1985  follow-up  examination,  with  the 
Ranch  Hands  shifting  from  significant  adverse  findings  at  the  baseline  examination  to  nonsignificant 
findings  at  the  1985  follow-up  examination. 

Overall,  the  1985  follow-up  examination  findings  were  similar  to  the  baseline  examination  findings; 
however,  several  distinct  patterns  were  evident  from  the  analyses: 

•  Substantially  fewer  abnormalities  were  detected  at  the  1985  follow-up  examination  than  at  the 
baseline  examination  for  almost  all  of  the  variables. 

•  The  decrease  in  abnormalities  was  similar  in  both  groups. 

•  The  adjusted  analyses  were  uniformly  similar  to  the  unadjusted  analyses. 

•  A  significant  result  was  found  for  the  constructed  CNS  summary  variable,  and  a  marginally 
significant  result  was  found  for  the  constructed  cranial  nerve  index  excluding  range  of  motion, 
both  in  the  adverse  direction. 

•  Although  statistical  significance  at  the  pre-assigned  significance  level  of  0.05  was  not  achieved 
for  any  of  the  measurement  variables,  the  Ranch  Hand  group  tended  to  have  a  greater  percentage 
of  abnormalities. 

In  conclusion,  none  of  the  27  neurological  variables  demonstrated  a  significant  group  difference, 
although  several  showed  an  aggregation  of  abnormalities  in  the  Ranch  Hand  group,  which  emphasized 
the  need  for  continued  surveillance.  Historical  reporting  of  neurological  disease  was  similar  in  both 
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groups.  The  longitudinal  analyses  disclosed  a  reversal  of  significant  increase  in  Babinski  reflex 
abnormalities  at  the  baseline  examination  to  nonsignificant  difference  (RR=1.02)  at  the  1985  follow-up 
examination  for  the  Ranch  Hands. 

11.1.2.3  1987  Follow-up  Study  Summary  Results 

The  neurological  health  of  the  Ranch  Hand  group  was  not  substantially  different  from  the  Comparison 
group.  For  the  questionnaire  variables  related  to  neurological  disease.  Ranch  Hands  had  significantly 
more  hereditary  and  degenerative  diseases,  such  as  benign  essential  tremor.  The  statistical  results  of  the 
group  contrasts  for  30  physical  examination  variables  relating  to  cranial  nerve  function,  peripheral  nerve 
status,  and  CNS  coordination  processes  generally  were  not  significant.  Unadjusted  analyses  disclosed 
marginally  significantly  more  balance  (Romberg  sign)  and  coordination  abnormalities  for  Ranch  Hands 
than  for  Comparisons.  Conversely,  Ranch  Hands  had  significantly  fewer  biceps  reflex  abnormalities 
than  Comparisons.  The  longitudinal  analyses  for  the  cranial  nerve  index  and  the  CNS  index  revealed  no 
significant  differences. 


1 1 . 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

Overall,  the  neurological  assessment  did  not  indicate  that  dioxin  was  associated  with  neurological 
disease,  although  some  analyses  revealed  a  significant  association  between  dioxin  levels  and  CNS  index 
and  coordination.  The  adjusted  analyses  for  the  historical  questionnaire  variables  were  not  significant 
and  few  statistically  significant  results  were  noted  for  the  physical  examination  variables.  The  group 
contrast  from  the  1987  follow-up  examination  found  that  Ranch  Hands  had  significantly  more  hereditary 
and  degenerative  diseases  (mostly  benign  essential  tremor)  than  Comparisons,  but  the  serum  dioxin 
analyses  provided  no  support  for  the  hypothesis  that  dioxin  levels  were  associated  with  an  increased  risk 
of  these  diseases.  The  adjusted  categorized  current  dioxin  analyses  for  coordination  found  that  the 
relative  risk  was  significantly  greater  than  1 .0  for  Ranch  Hands  in  the  high  current  dioxin  category.  This 
was  consistent  with  the  previous  analysis  of  the  1987  follow-up  data,  where  the  Ranch  Hand  group  had 
significantly  more  coordination  abnormalities  than  the  Comparison  group  (1.5  percent  versus  0.6 
percent).  The  serum  dioxin  analyses  showed  significant  adverse  associations  with  the  CNS  index, 
including  a  marginally  significant  association  with  initial  dioxin  in  the  longitudinal  analyses. 

11.1.2.5  1992  Follow-up  Study  Summary  Results 

Overall,  the  neurological  assessment  found  the  prevalence  of  neurological  disease  to  be  comparable 
between  the  Ranch  Hand  and  Comparison  groups,  and  showed  no  consistent  evidence  of  a  dose-response 
effect  with  either  estimated  initial  dioxin  levels  or  current  dioxin  levels.  In  the  group  contrasts  stratified 
by  occupation.  Ranch  Hand  enlisted  groundcrew  had  significantly  more  cranial  nerve  index 
abnormalities  than  Comparison  enlisted  groundcrew.  The  enlisted  groundcrew  was  the  military 
occupation  category  with  the  highest  average  levels  of  dioxin;  however,  analyses  of  serum  dioxin  levels 
did  not  exhibit  a  dose-response  trend. 

11.1.3  Parameters  for  the  1 997  Neurological  Assessment 
11.1.3.1  Dependent  Variables 

The  neurological  assessment  was  based  on  extensive  physical  examination  data  on  cranial  nerve 
function,  peripheral  nerve  status,  and  CNS  coordination  processes.  This  information  was  supplemented 
by  verified  histories  of  neurological  diseases.  Participants  with  a  positive  serological  test  for  syphilis  and 
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participants  who  tested  positive  for  the  human  immunodeficiency  virus  (HIV)  were  excluded  from  the 
analysis  of  all  dependent  variables. 

ILL  3. 1.1  Medical  Records  Variables 

The  1997  questionnaire  captured  data  on  the  occurrence  of  neurological  disorders.  Positive  responses 
were  verified  by  a  medical  records  review  and  combined  with  information  from  the  baseline  examination 
and  the  1985,  1987,  and  1992  follow-up  examinations.  The  neurological  diseases  and  disorders  were 
classified  into  four  categories  of  the  International  Classification  of  Diseases,  9th  Revision,  Clinical 
Modification  (ICD-9-CM)  manual:  inflammatory  diseases  (ICD-9-CM  codes  320.0-326),  hereditary  and 
degenerative  diseases  (ICD-9-CM  codes  330.0-337.9),  peripheral  disorders  (ICD-9-CM  codes  350.1- 
359.9),  and  other  neurological  disorders  (ICD-9-CM  codes  340-349.9).  The  neurological  inflammatory 
diseases  found  in  this  study  consisted  of  meningitis  caused  by  bacterial  infection,  meningitis  of  unknown 
cause,  and  encephalitis  of  unknown  cause.  The  majority  of  other  neurological  disorders  were  unspecified 
encephalopathies,  but  conditions  such  as  multiple  sclerosis,  other  demyelinating  diseases  of  the  CNS, 
hemiplegia,  other  paralytic  syndromes,  epilepsy,  migraine,  catalepsy  or  narcolepsy,  other  conditions  of 
the  brain,  and  other  unspecified  disorders  of  the  CNS  were  included.  Each  of  the  four  disorders  was 
coded  as  “yes”  or  “no.” 

Participants  with  a  verified  pre-SEA  history  of  the  disorder  were  excluded  from  all  analyses  pertaining  to 
that  disorder. 

1 1. 1.3. 1.2  Physical  Examination  Data 
11.1.3. 1.2. 1  Cranial  Nerve  Function 

The  evaluation  of  cranial  nerve  function  was  based  on  the  following  15  variables:  smell,  visual  fields, 
light  reaction,  ocular  movement,  facial  sensation,  corneal  reflex,  jaw  clench,  smile,  palpebral  fissure, 
balance,  gag  reflex,  speech,  tongue  position  relative  to  midline,  palate  and  uvula  movement,  and  neck 
movement.  All  of  these  variables  were  scored  as  “normal”  or  “abnormal,”  except  for  jaw  clench  and 
palate  and  uvula  movement,  which  were  scored  as  “symmetric”  or  “deviated.”  For  variables  with  left  and 
right  determinations,  the  two  results  were  combined  to  produce  a  single  normal  or  abnormal  result,  where 
normal  indicated  that  both  responses  were  normal,  and  abnormal  indicated  that  at  least  one  of  the 
responses  was  abnormal.  Abnormal  speech  conditions  included  aphasia,  dysarthria,  agnosia,  and  other 
speech  abnormalities.  Neck  range  of  motion  was  coded  as  abnormal  if  there  was  a  decreased  range  of 
motion  forward  or  backward  or  to  the  left  or  right.  Neck  movement  was  evaluated  by  a  shoulder  shrug 
and  by  applying  manual  resistance  to  the  cheeks  to  evaluate  the  strength  of  lateral  rotation.  No  abnormal 
neck  movements  were  found  at  the  1997  examination. 

A  cranial  nerve  index  was  created  by  combining  responses  for  the  15  cranial  nerve  parameters.  This 
index  was  classified  as  abnormal  if  at  least  one  of  the  determinations  was  abnormal  and  was  classified  as 
normal  if  all  of  the  cranial  nerve  parameters  were  normal. 

1 L  1.3. 1.2.2  Musculoskeletal  and  Vertebral  Column  Function 

The  examining  neurologist  asked  each  participant  to  move  his  head  to  the  left  and  right,  and  to  tilt  his 
head  forward  and  backward.  This  test  assessed  the  musculoskeletal  and  vertebral  column  function.  This 
neck  range  of  motion  variable  was  coded  as  abnormal  if  there  was  a  decreased  range  of  motion  forward 
or  backward  or  to  the  left  or  right. 
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1 1. 1.3. 1.2.3  Peripheral  Nerve  Status 

Peripheral  nerve  status  was  assessed  by  light  pinprick,  light  touch  (cotton  sticks),  visual  inspection  of 
muscle  mass  (and  palpation,  if  indicated),  three  deep  tendon  reflexes  (patellar,  Achilles,  and  biceps),  and 
the  Babinski  reflex.  In  addition,  four  indices  to  assess  bilateral  symmetric  distal  sensory  or  sensorimotor 
polyneuropathy  were  analyzed.  These  indices  were  constructed  based  on  testing  of  ankle  and  toe  flexors, 
coordination,  deep  tendon  reflexes,  light  touch,  pinprick,  vibration  at  the  ankle,  toe  position,  and  a 
vibrotactile  measurement  of  both  great  toes. 

A  vibrotactile  measurement  of  both  the  left  and  right  great  toes  was  performed  as  part  of  a  collaborative 
effort  with  the  National  Institute  of  Dental  Research.  A  Vibratron  n®  device  was  used  to  measure 
vibrotactile  threshold  on  both  the  left  and  right  great  toes.  The  Vibratron  II®  provided  a  nonin vasive 
means  of  measuring  the  sensitivity  to  vibration  of  a  participant’s  feet.  Following  instructions  from  the 
manufacturer,  the  Vibratron  II®  was  calibrated  prior  to  the  start  of  the  physical  examinations  and  at  the 
midpoint  of  the  examination  period.  Participants  whose  great  toes  could  be  examined  but  who  sensed  no 
vibration  were  included  in  the  analysis  at  a  level  equal  to  the  highest  recorded  measurement  (22.8 
vibrational  units  [VU])  to  represent  an  extreme  loss  of  sensitivity  to  vibration.  The  Vibratron  II®  device 
recorded  measurements  in  vibrational  units.  A  transformation  was  used  to  convert  the  vibrational  units 
to  a  standardized  unit,  such  as  microns  of  displacement,  to  facilitate  comparison  with  other  studies.  The 
formula  used  in  this  study,  as  determined  by  the  manufacturer,  was 


Displacement  (microns)  =  0.5  •  VU2. 

The  instrument  was  calibrated  prior  to  and  once  (at  the  midpoint)  during  the  study  period.  The 
displacement  measurements  were  transformed  to  the  natural  logarithm  scale  to  enhance  normal 
distribution  assumptions  for  analysis.  The  left  and  right  great  toes  were  analyzed  separately.  For  each 
great  toe,  the  average  (in  log  microns)  of  four  of  seven  trials  was  determined.  The  four  trials  were  those 
remaining  after  eliminating  the  results  of  the  first  of  the  seven  trials  and  the  high  and  low  readings  of  the 
other  six  results  following  a  method  of  limits  protocol  (42).  The  average  was  calculated  for  each 
participant  who  had  four  nonzero  measurements,  after  eliminating  the  results  of  the  first  of  the  seven 
trials  and  the  high  and  low  readings  of  the  other  six  results. 

Pinprick  and  light  touch  were  considered  normal  if  the  reaction  was  normal  on  both  legs.  A  variable  to 
judge  muscle  status  was  constructed  using  data  on  bulk;  tone  of  upper  and  lower  extremities;  and  the 
strength  of  distal  wrist  extensors,  ankle  and  toe  flexors,  proximal  deltoids,  and  hip  flexors.  Bulk  was 
classified  as  either  “normal”  or  “abnormal”;  tone  was  classified  as  “abnormal”  if  there  was  either  a 
decreased  or  increased  response  on  either  the  left  side,  right  side,  or  both  sides.  The  strength  of  distal 
wrist  extensors,  ankle  and  toe  flexors,  proximal  deltoids,  and  hip  flexors  was  considered  “abnormal”  if 
either  or  both  the  left  or  right  side  was  decreased.  Composite  muscle  status  was  classified  as  “normal”  if 
all  of  the  components  were  normal  on  both  the  left  and  right  sides  and  “abnormal”  if  at  least  one  of  the 
components  was  abnormal  on  either  or  both  sides.  The  patellar,  Achilles,  and  biceps  reflexes  were  coded 
as  “normal”  if  they  were  sluggish,  active,  or  very  active  and  were  classified  as  “abnormal”  if  absent. 

Three  indices  to  assess  polyneuropathy  were  based  on  a  severity  index.  The  endpoints  discussed 
previously  in  this  section  assessed  unilateral  abnormalities,  whereas  these  indices  assessed  bilateral 
abnormalities.  These  indices  were  considered  abnormal  only  if  both  the  left  and  right  determinations 
were  abnormal.  These  indices  were  based  on  the  following  seven  conditions  or  sets  of  conditions: 

•  Both  left  and  right  ankle  and  toe  flexors  were  abnormal  (no=0,  yes=l) 
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•  The  Romberg  sign  (equilibratory)  was  abnormal  (no=0,  yes=l) 

•  Both  left  and  right  Achilles  reflexes  were  absent  (no=0,  yes=l) 

•  Reaction  to  a  light  touch  was  abnormal  on  both  the  left  and  right  legs  (no=0,  yes=l) 

•  Reaction  to  a  pinprick  was  abnormal  on  both  the  left  and  right  legs  (no=0,  yes=l) 

•  Both  left  and  right  ankle  vibrations  were  abnormal  (no=0,  yes=l) 

•  The  position  of  both  the  left  and  right  great  toe  was  abnormal  (no=0,  yes=l). 

A  polyneuropathy  severity  index,  which  ranged  from  0  to  7,  was  constructed  as  the  sum  of  the  above 
seven  scores.  The  polyneuropathy  severity  index  was  classified  as  “mild”  (index  =  0,  1,  or  2), 
“moderate”  (index  =  3  or  4),  or  “severe”  (index  =  5,  6,  or  7).  A  second  index,  termed  a  polyneuropathy 
prevalence  indicator,  was  coded  as  “abnormal”  if  the  polyneuropathy  severity  index  was  at  least  1  and 
“normal”  if  the  polyneuropathy  severity  index  was  0.  A  third  index,  termed  a  multiple  polyneuropathy 
index,  was  coded  as  “abnormal”  if  the  polyneuropathy  severity  index  was  at  least  2  and  “normal”  if  the 
polyneuropathy  severity  index  was  0  or  1. 

In  addition,  a  confirmed  polyneuropathy  index  was  constructed  as  follows: 

If  at  least  two  of  the  following  three  conditions  hold, 

•  Both  left  and  right  Achilles  reflexes  were  absent 

•  Reaction  to  a  pinprick  was  abnormal  on  both  the  left  and  right  legs 

•  Both  left  and  right  ankle  vibrations  were  abnormal 

and  the  minimum  of  the  left  and  right  toe  averages  (in  log  microns)  was  greater  than  4.02,  the  confirmed 
polyneuropathy  index  was  coded  as  “abnormal.”  If  the  minimum  vibrotactile  measurement  was  less  than 
or  equal  to  4.02,  or  no  more  than  one  of  the  above  conditions  was  present,  the  confirmed  polyneuropathy 
index  was  coded  as  “normal.”  The  value  of  4.02  was  determined  by  taking  the  minimum  value  of  the  left 
and  right  great  toe  average  for  each  participant  and  using  the  90th  percentile  of  the  minimum  values  for 
Comparisons. 

Participants  with  peripheral  edema  in  the  lower  extremities  were  excluded  from  the  analyses  of  pinprick 
and  light  touch.  The  analysis  of  the  Achilles  reflex  excluded  participants  with  a  transient  or  sustained 
clonus  in  this  reflex.  The  analysis  of  the  patellar  reflex  excluded  participants  with  a  transient  or 
sustained  clonus  in  this  reflex.  Participants  with  peripheral  edema  of  the  lower  extremities  and 
participants  with  transient  clonus  or  sustained  clonus  results  for  the  Achilles  reflex  were  excluded  from 
the  analysis  of  polyneuropathy  indices,  because  pinprick,  light  touch,  and  the  Achilles  reflex  were  a 
component  of  each  of  the  polyneuropathy  indices. 

11. 1.3. 1.2.4  CNS  Coordination  Processes 

The  evaluation  of  CNS  coordination  processes  was  based  on  the  analysis  of  the  following  variables: 
tremor,  coordination,  Romberg  sign,  gait,  and  a  CNS  index.  For  these  variables,  multiple  determinations, 
which  include  left  and  right  as  well  as  upper  and  lower  responses,  were  combined  to  form  a  single  result. 
A  result  was  classified  as  “normal”  if  all  determinations  were  normal  and  “abnormal”  if  at  least  one 
determination  was  abnormal.  Tremor  was  examined  for  the  left  and  right  upper  and  lower  extremities. 
Abnormal  tremors  included  resting,  essential,  intention,  and  “other  tremors.”  Coordination  was  a 
composite  index  defined  as  “normal”  if  the  Romberg  sign,  finger-nose-finger  and  heel-knee-shin 
coordination  processes,  rapidly  alternating  movements  of  pronation  and  supination  of  hands,  and  rapid 
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patting  were  normal.  The  Romberg  sign  variable  is  equivalent  to  the  “balance”  variable  analyzed  as  part 
of  the  cranial  nerve  function  assessment.  The  gait  variable  was  based  on  the  examining  physician’s 
assessment  of  the  participant’s  gait.  An  abnormal  gait  included  conditions  such  as  broad-based,  small- 
stepped,  ataxic,  or  other  irregular  gait  patterns.  A  CNS  index  was  constructed  and  was  a  composite 
variable  based  on  tremor,  coordination,  and  gait.  This  index  was  coded  as  “normal”  if  all  three  of  the 
components  were  normal  and  abnormal  otherwise. 

11.1.3.2  Covariates 

Age,  race,  military  occupation,  lifetime  alcohol  history,  reported  exposure  to  insecticides,  reported 
exposure  to  industrial  chemicals,  reported  exposure  to  degreasing  chemicals,  and  diabetic  class  were 
covariates  for  all  adjusted  statistical  analyses. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Lifetime  alcohol  history  was 
based  on  self-reported  information  from  the  1997  questionnaire  and  combined  with  similar  information 
gathered  at  the  1987  and  1992  follow-ups.  The  participants’  lifetime  exposures  through  1992  to 
insecticides,  industrial  chemicals,  and  degreasing  chemicals  were  updated  with  information  reported  in 
the  1997  questionnaire. 

Each  participant  was  asked  about  his  drinking  patterns  throughout  his  lifetime.  When  a  participant’s 
drinking  patterns  changed,  he  was  asked  to  describe  how  his  alcohol  consumption  differed  and  the 
duration  of  time  that  the  drinking  pattern  lasted.  The  participant’s  average  daily  alcohol  consumption 
was  determined  for  each  of  the  reported  drinking  pattern  periods  throughout  his  lifetime,  and  an  estimate 
of  the  corresponding  total  number  of  drink-years  was  derived.  One  drink-year  was  the  equivalent  of 
drinking  1.5  ounces  of  an  80-proof  alcoholic  beverage,  one  12-ounce  beer,  or  one  5-ounce  glass  of  wine 
per  day  for  1  year. 

In  the  1997  questionnaire,  a  general  screening  question  on  diabetes  was  posed.  Each  participant  was 
asked  during  the  in-person  health  interview  the  following  question:  “Since  the  date  of  the  last  interview, 
has  a  doctor  told  you  for  the  first  time  that  you  had  diabetes?”  All  affirmative  responses  were  verified  by 
a  medical  records  review  and  added  to  previously  reported  and  verified  information  on  diabetes  from  the 
1982  baseline  examination  and  the  1985,  1987,  and  1992  follow-up  examinations  for  each  participant. 
Participants  with  a  verified  history  of  diabetes  were  combined  with  those  participants  with  a  2-hour 
postprandial  glucose  level  of  200  mg/dl  or  greater  at  the  1997  physical  examination  and  classified  as 
“diabetic”  for  the  diabetic  class  covariate.  Those  participants  without  a  verified  history  of  diabetes  and 
with  a  2-hour  postprandial  glucose  level  of  less  than  200  mg/dl  at  the  1997  physical  examination  were 
classified  as  either  “impaired”  (140  mg/dl  <2-hour  postprandial  glucose  <  200  mg/dl)  or  “normal”  (2- 
hour  postprandial  glucose  <140  mg/dl). 

Two  additional  covariates  based  on  self-reported  information  were  used  for  the  confirmed 
polyneuropathy  indicator  dependent  variable.  The  1997  questionnaire  asked  each  study  participant 
whether  he  had  worked  for  30  days  or  more  with  lead,  mercury,  chromium,  nickel,  copper,  cadmium, 
manganese,  arsenic,  selenium,  or  molybdenum.  Responses  were  combined  to  form  a  composite  exposure 
to  heavy  metals  covariate.  The  participant  also  was  asked  in  the  1997  questionnaire  whether  he  had  ever 
worked  for  30  days  or  more  with  vibrating  power  equipment  or  tools.  The  response  (yes  or  no)  to  this 
question  also  was  used  as  a  covariate  in  the  assessment  of  the  confirmed  polyneuropathy  indicator 
dependent  variable. 
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1 1 . 1 .4  Statistical  Methods 


Table  11-1  summarizes  the  statistical  analyses  performed  for  the  neurological  assessment.  The  first  part 
of  Table  11-1  lists  the  dependent  variables  analyzed,  data  source,  data  form,  cutpoints,  covariates,  and 
statistical  methods.  The  second  part  of  this  table  provides  a  further  description  of  covariates  examined. 

A  co variate  was  used  in  its  continuous  form  whenever  possible  for  adjusted  analyses;  if  the  covariate  was 
inherently  discrete  (e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop  measures 
of  association  with  the  dependent  variables,  the  covariate  was  categorized  as  shown  in  Table  11-1. 


Table  11-1.  Statistical  Analysis  for  the  Neurological  Assessment 


Dependent  Variables 


i!  31* 

Data 

'"■f'&b&rfee1'! 

;T)a|aj; 

Form 

Cutpoints! 

Covariates8 

Exclusions* 

Statistical  Analysis 
§§§  'and  Methods 

Inflammatory  Diseases 

MR-V 

D 

Yes 

No 

0) 

(a) 

U:LR,CS 

A:LR 

Hereditary  and  Degenerative  Diseases 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Peripheral  Disorders 

MR-V 

D 

Yes 

No 

a) 

(a) 

U:LR 

A:LR 

Other  Neurological  Disorders 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Smell 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Visual  Fields 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR,CS 

A:LR 

Light  Reaction 

PE 

D 

Abnormal 

Normal 

a) 

(b) 

U:LR,CS 

A:LR 

Ocular  Movement 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Facial  Sensation 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR,CS 

A:LR 

Corneal  Reflex 

PE 

D 

Abnormal 

Normal 

— 

— 

Descriptive 

Jaw  Clench 

PE 

D 

Deviated 

Symmetric 

(1) 

(b) 

U:LR,CS 

A:LR 

Smile 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR,CS 

A:LR 

Palpebral  Fissure 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Balance 

PE 

D 

Abnormal 

Normal 

0) 

(b) 

U:LR,CS 

A:LR 

Gag  Reflex 

PE 

D 

Abnormal 

Normal 

— 

— 

Descriptive 

Speech 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR,CS 

A:LR 

Tongue  Position  Relative  to  Midline 

PE 

D 

Deviated 

Symmetric 

(1) 

(b) 

U:LR,CS 

A:LR 

Palate  and  Uvula  Movement 

PE 

D 

Deviated 

Symmetric 

(1) 

(b) 

U:LR,CS 

A:LR 
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Table  11-1.  Statistical  Analysis  for  the  Neurological  Assessment  (Continued) 

Date  Data  Statistical  Analysis 


Form 

Outpoints ; 

Covariates3 

and  Methods 

Cranial  Nerve  Index 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

L:LR 

Neck  Range  of  Motion 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Pinprick 

PE 

D 

Abnormal 

Normal 

(1) 

(c) 

U:LR 

A:LR 

Light  Touch 

PE 

D 

Abnormal 

Normal 

(1) 

(c) 

U:LR 

A:LR 

Muscle  Status 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Patellar  Reflex 

PE 

D 

Abnormal 

Normal 

(1) 

(d) 

U:LR 

A:LR 

Achilles  Reflex 

PE 

D 

Abnormal 

Normal 

(1) 

(e) 

U:LR 

A:LR 

Biceps  Reflex 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Babinski  Reflex 

PE 

D 

Abnormal 

Normal 

0) 

(b) 

U:LR 

A:LR 

Polyneuropathy  Severity  Index 

PE 

D 

Severe 

Moderate 

None/Mild 

0) 

(f) 

U:PR 

A:PR 

Polyneuropathy  Prevalence  Index 

PE 

D 

Abnormal 

Normal 

(1) 

(0 

U:LR 

A:LR 

Multiple  Polyneuropathy  Index 

PE 

D 

Abnormal 

Normal 

(1) 

(f) 

U:LR 

A:LR 

Confirmed  Polyneuropathy  Indicator 

PE 

D 

Abnormal 

Normal 

(2) 

(f) 

U:LR,CS 

A:LR 

Tremor 

PE 

D 

Abnormal 

Normal 

(D 

(b) 

U:LR 

A:LR 

Coordination 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

Romberg  Sign 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR,CS 

A:LR 

Gait 

PE 

D 

Abnormal 

Normal 

«) 

(b) 

U:LR 

A:LR 

CNS  Index 

PE 

D 

Abnormal 

Normal 

(1) 

(b) 

U:LR 

A:LR 

L:LR 


aCovariates: 

(1)  Age,  race,  military  occupation,  lifetime  alcohol  history,  insecticide  exposure,  industrial  chemical  exposure, 
degreasing  chemical  exposure,  diabetic  class. 

(2)  Age,  race,  military  occupation,  lifetime  alcohol  history,  insecticide  exposure,  industrial  chemical  exposure, 
degreasing  chemical  exposure,  diabetic  class,  composite  exposure  to  heavy  metals,  worked  with  vibrating  power 
equipment  or  tools. 
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Table  11-1.  Statistical  Analysis  for  the  Neurological  Assessment  (Continued) 

Exclusions: 

(a)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV,  participants 
with  a  verified  pre-SEA  history  of  the  disorder. 

(b)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV. 

(c)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV,  participants 
with  peripheral  edema  of  the  lower  extremities. 

(d)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV,  participants 
with  transient  or  sustained  clonus  of  the  patellar  reflex. 

(e)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV,  participants 
with  transient  or  sustained  clonus  of  the  Achilles  reflex. 

(f)  Participants  with  positive  serological  tests  for  syphilis,  participants  who  tested  positive  for  HIV,  participants 
with  peripheral  edema  of  the  lower  extremities,  participants  with  transient  or  sustained  clonus  of  the  Achilles 
reflex. 


Covariates 


Variable  (units) 

Data  Source  Da 

ta  Form 

|  lilt,  jf  *  j§  |l|[  j  Outpoints  |  jj  jjf  |  |  HU  Hi 

Age  (years) 

MIL 

D/C 

Bom  >1942 

Bom  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Lifetime  Alcohol  History  (drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Insecticide  Exposure 

Q-SR 

D 

Yes 

No 

Industrial  Chemical  Exposure 

Q-SR 

D 

Yes 

No 

Degreasing  Chemical  Exposure 

Q-SR 

D 

Yes 

No 

Diabetic  Class 

LAB/MR-V 

D 

•  Diabetic:  past  history  or  >200  mg/dl 
2-hr.  postprandial  glucose 

•  Impaired:  140-<200  mg/dl  2-hr. 
postprandial  glucose 

•  Normal:  <140  mg/dl  2-hr. 

postprandial  glucose 

Composite  Exposure  to  Heavy  Metals 

Q-SR 

D 

Yes 

No 

Worked  With  Vibrating  Power 

Q-SR 

D 

Yes 

Equipment  or  Tools 

No 

Abbreviations 

Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 
MR-V:  Medical  records  (verified) 

PE:  1997  physical  examination 

Q-SR:  Health  questionnaire  (self-reported) 
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Table  11-1.  Statistical  Analysis  for  the  Neurological  Assessment  (Continued) 

Data  Form:  D:  Discrete  analysis  only 

D/C:  Appropriate  form  for  analysis  (either  discrete  or  continuous) 

Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 

Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 

LR:  Logistic  regression  analysis 

PR:  Polytomous  logistic  regression  analysis 


Table  11-2  provides  a  summary  of  the  number  of  participants  with  missing  dependent  variable  and 
covariate  data.  In  addition,  the  number  of  participants  excluded  because  of  medical  conditions  is  given. 


Table  11-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Neurological 
Assessment 


Dioxin 

Group  (Ranch  Hands  Only)  Categorized  Dioxin 


Variable 

Variable 

Hand 

Comparison 

Initial 

1987 

Ranch 

Hand 

Comparison 

Smell 

DEP 

4 

2 

2 

4 

4 

2 

Visual  Fields 

DEP 

0 

4 

0 

0 

0 

4 

Light  Reaction 

DEP 

5 

2 

1 

5 

5 

2 

Facial  Sensation 

DEP 

1 

1 

0 

1 

1 

1 

Corneal  Reflex 

DEP 

7 

6 

5 

7 

7 

5 

Balance 

DEP 

0 

1 

0 

0 

0 

1 

Gag  Reflex 

DEP 

1 

1 

0 

1 

1 

1 

Cranial  Nerve  Index 

DEP 

16 

4 

7 

16 

16 

4 

Muscle  Status 

DEP 

0 

1 

0 

0 

0 

1 

Patellar  Reflex 

DEP 

1 

2 

1 

1 

1 

1 

Achilles  Reflex 

DEP 

0 

3 

0 

0 

0 

3 

Biceps  Reflex 

DEP 

0 

1 

0 

0 

0 

1 

Babinski  Reflex 

DEP 

0 

3 

0 

0 

0 

3 

Polyneuropathy  Severity  Index 

DEP 

0 

1 

0 

0 

0 

1 

Multiple  Polyneuropathy  Index 

DEP 

1 

0 

1 

1 

1 

0 

Confirmed  Polyneuropathy 

Index 

DEP 

14 

10 

7 

13 

13 

9 

Coordination 

DEP 

0 

2 

0 

0 

0 

2 

Romberg  Sign 

DEP 

0 

1 

0 

0 

0 

1 

CNS  Index 

DEP 

0 

1 

0 

0 

0 

1 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Diabetic  Class 

COV 

9 

18 

5 

7 

7 

17 

Worked  with  Vibrating  Power 
Equipment  or  Tools 

COV 

1 

2 

1 

1 

1 

2 

Composite  Exposure  to  Heavy 
Metals 

COV 

1 

0 

1 

1 

1 

0 

Pre-SEA  Inflammatory 

Diseases 

EXC 

0 

7 

0 

0 

0 

7 
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Table  11-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Neurological 
Assessment  (Continued) 


Group 

Dioxin  {  |§|| 

(Ranch  Hands  Only) 

■  1  ''Categorized-  Dioxin  0 

f  *  > »  '  l  _  Variable  1  1  t  > 

Use 

Ranch 

Hand 

Comparison 

-  Initial  if  V 

1987 

Ranch 

Hand 

Comparison 

Pre-SEA  Peripheral  Disorders 

EXC 

3 

2 

0 

3 

3 

2 

Pre-SEA  Other  Neurological 
Disorders 

EXC 

4 

5 

1 

4 

4 

5 

Positive  Serological  Test  for 
Syphilis 

EXC 

1 

0 

0 

1 

1 

0 

HIV  Positive 

EXC 

3 

2 

3 

3 

3 

2 

Peripheral  Edema 

EXC 

45 

64 

26 

45 

45 

62 

Clonus  -  Patellar  Reflex 

EXC 

0 

1 

0 

0 

0 

1 

Clonus  -  Achilles  Reflex 

EXC 

1 

2 

0 

1 

1 

2 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


11.1.4.1  Longitudinal  Analysis 

The  neurological  longitudinal  analyses  were  based  on  the  cranial  nerve  index,  excluding  neck  range  of 
motion  and  the  CNS  index.  Substantially  fewer  neurological  abnormalities  have  been  found  in  the  1985, 
1987,  1992,  and  1997  examinations  than  at  the  1982  baseline  examination,  as  noted  in  previous  AFHS 
reports.  This  observation  suggested  that  different  techniques  for  the  examination  of  the  neurological 
system  were  used  in  1982  than  in  the  subsequent  examinations.  To  enhance  the  comparability  of 
measurements  between  examinations,  the  longitudinal  assessment  contrasted  differences  between  the 
1985  and  1997  neurological  examinations. 

11.2  RESULTS 

_1 1 .2. 1  Dependent  Variable-Covariate  Associations 

The  associations  between  the  dependent  variables  examined  in  the  neurological  assessment  and  the 
covariates  used  in  the  adjusted  analysis  were  investigated;  the  results  are  presented  in  Appendix  F,  Table 
F-3.  These  associations  are  pairwise  between  the  dependent  variable  and  the  covariate  and  are  not 
adjusted  for  any  other  covariates.  Participants  were  excluded  from  each  of  the  analyses  as  given  in  Table 
11-1.  Statistically  significant  associations  are  discussed  below. 

Age  and  industrial  chemical  exposure  each  exhibited  significant  associations  with  a  history  of  hereditary 
and  degenerative  diseases  (p=0.009  and  p=0.022,  respectively).  Hereditary  and  degenerative  diseases 
were  greater  for  older  participants  than  for  younger  participants  (10.4%  vs.  7.0%)  and  higher  for 
participants  reporting  exposure  to  industrial  chemicals  than  for  those  not  reporting  exposure  (10.0%  vs. 
7.0%). 
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Tests  of  covariate  associations  with  a  history  of  peripheral  disorders  were  significant  for  age  (p<0.001), 
insecticide  exposure  (p=0.014),  and  diabetic  class  (p<0.001).  Peripheral  disorders  were  higher  among 
older  participants  than  younger  participants  (24.6%  vs.  14.9%).  Peripheral  disorders  were  greater  for 
participants  exposed  to  insecticides  (21.8%)  than  for  participants  not  exposed  to  insecticides  (16.9%), 
and  greatest  for  diabetics  (33.4%). 

Several  covariates  were  associated  significantly  with  a  history  of  other  neurological  disorders. 

Significant  associations  were  found  with  age  (p<0.001),  race  (pcO.OOl),  occupation  (pcO.OOl),  industrial 
chemical  exposure  (pcO.OOl),  degreasing  chemical  exposure  (pcO.OOl),  and  diabetic  class  (pcO.OOl). 
Older  participants  had  a  greater  history  of  other  neurological  disorders  (22.0%)  than  did  younger 
participants  (13.4%).  Blacks  exhibited  a  greater  history  of  other  neurological  disorders  (33.1%)  than  did 
non-Blacks  (17.3%).  Other  neurological  disorders  were  highest  for  enlisted  flyers  (27.0%),  followed  by 
enlisted  groundcrew  (24.1%),  and  then  by  officers  (8.1%).  Participants  reporting  exposure  to  industrial 
chemicals  and  degreasing  chemicals  had  more  neurological  disorders  than  participants  who  did  not  report 
exposure.  Diabetics  had  the  greatest  history  of  other  neurological  disorders  (23.9%). 

Covariate  association  tests  for  the  light  reaction  variable  were  significant  for  race  (p=0.046).  Blacks 
exhibited  more  light  reaction  abnormalities  (2.3%)  than  did  non-Blacks  (0.5%). 

Covariate  association  tests  for  smile,  palpebral  fissure,  and  balance  were  each  significant  for  diabetic 
class  (p=0.030,  p=0.007,  and  p=0.036,  respectively).  For  each  variable,  the  most  abnormalities  were 
among  diabetics,  followed  by  those  classified  as  normal,  and  then  by  those  in  the  impaired  diabetic 
category. 

The  neck  range  of  motion  variable  was  associated  significantly  with  age  (pcO.OOl),  occupation 
(p=0.006),  and  diabetic  class  (p=0.022).  A  restricted  range  of  motion  was  greater  for  older  participants 
(22.0%)  than  for  younger  participants  (9.9%).  Enlisted  flyers  had  the  greatest  prevalence  of  an  abnormal 
neck  range  of  motion  (20.7%),  followed  by  officers  (18.1%),  then  enlisted  groundcrew  (14.0%). 

Diabetics  displayed  the  highest  prevalence  of  neck  range  of  motion  abnormalities  (21.6%),  followed  by 
nondiabetics  (15.6%),  then  by  participants  in  the  impaired  diabetic  category  (15.4%). 

Tests  of  covariate  association  for  the  cranial  nerve  index  variable  were  significant  for  age  (p=0.004)  and 
diabetic  class  (p=0.014).  An  abnormal  index  was  found  in  7.5  percent  of  older  participants  and  4.4 
percent  of  younger  participants.  More  abnormalities  were  found  as  the  level  of  diabetic  impairment 
increased. 

Covariate  association  tests  were  similar  for  the  pinprick  and  light  touch  dependent  variables.  Each  were 
associated  significantly  with  age  (p=0.006  and  p=0.022,  respectively),  occupation  (p=0.006  and  p=0.036, 
respectively),  and  diabetic  class  (pcO.OOl  for  both).  Both  variables  displayed  higher  abnormalities 
among  older  participants,  enlisted  flyers,  and  diabetics. 

The  patellar  reflex  variable  was  associated  significantly  with  age  (pcO.OOl),  race  (p=0.030),  and  diabetic 
class  (pcO.OOl).  The  higher  abnormality  prevalences  were  among  older  participants  (4.0%,  compared  to 
1.3%  for  younger  participants).  Blacks  (6.3%,  compared  to  2.6%  for  non-Blacks),  and  diabetics  (7.3%, 
compared  to  2.6%  for  participants  in  the  impaired  category  and  1.8%  for  nondiabetics). 

Tests  of  covariate  association  for  the  Achilles  reflex  variable  showed  significant  results  for  age 
(pcO.OOl),  lifetime  alcohol  history  (p=0.027),  and  diabetic  class  (pcO.OOl).  Older  participants  had  a 
higher  prevalence  of  Achilles  reflex  abnormalities  than  did  younger  participants  (22.8%  vs.  9.3%).  The 
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heaviest  drinkers  (in  terms  of  drink-years)  had  an  abnormal  Achilles  reflex  most  often  (20.2%),  followed 
by  nondrinkers  (18.6%),  and  moderate  drinkers  (15.4%).  Achilles  reflex  abnormalities  increased  as  the 
level  of  diabetic  impairment  increased  (nondiabetic:  13.4%;  impaired:  16.2%;  diabetic:  31.9%). 

An  abnormal  biceps  reflex  was  associated  significantly  with  diabetic  class  (p=0.007),  where  the 
prevalence  of  biceps  reflex  abnormalities  increased  as  the  level  of  diabetic  impairment  increased. 

Tests  of  covariate  association  for  the  polyneuropathy  severity  index  were  significant  for  age  (p=0.002), 
race  (p=0.005),  and  diabetic  class  (pcO.OOl).  Older  participants  displayed  a  greater  percentage  of 
moderate  and  severe  index  scores  (2.6%  and  0.4%,  respectively)  than  younger  participants  (0.7%  and 
0.1%,  respectively).  Non-Blacks  displayed  the  higher  moderate  index  score  (1.8%),  while  Blacks 
displayed  the  higher  severe  index  score  (1.6%).  Diabetics  exhibited  the  highest  percentage  of  both  the 
moderate  and  severe  index  scores  (5.9%  and  0.9%,  respectively),  followed  by  nondiabetics  (0.9%  and 
0.1%,  respectively).  Participants  in  the  impaired  diabetic  category  displayed  the  smallest  percentage  of 
moderate  and  severe  index  scores  (0.4%  and  0.0%,  respectively). 

Covariate  tests  of  association  for  the  polyneuropathy  prevalence  index  revealed  significant  associations 
with  age,  occupation,  lifetime  alcohol  history,  and  diabetic  class  (p<0.001  for  each).  The  percentage  of 
abnormal  polyneuropathy  prevalence  index  results  increased  with  age,  lifetime  alcohol  history,  and  level 
of  diabetic  impairment.  Enlisted  flyers  had  the  highest  percentage  of  abnormal  polyneuropathy 
prevalence  index  results  (20.8%),  followed  by  officers  (16.5%),  then  enlisted  groundcrew  (12.5%). 

The  multiple  polyneuropathy  index  variable  was  significantly  associated  with  age  (pcO.OOl),  occupation 
(p=0.006),  and  diabetic  class  (pcO.OOl).  The  percentage  of  abnormal  multiple  polyneuropathy  index 
findings  increased  with  age.  Enlisted  flyers  had  the  highest  percentage  of  abnormalities  (6.7%),  followed 
by  officers  (4.2%),  and  enlisted  groundcrew  (2.7%).  Diabetic  participants  had  the  highest  prevalence  of 
abnormal  results  (12.7%),  followed  by  nondiabetics  (2.4%),  and  participants  in  the  impaired  diabetic 
class  (1.2%). 

Age  and  diabetic  classes  were  associated  significantly  with  the  confirmed  polyneuropathy  indicator 
variable  (p-0.007  and  pcO.OOl,  respectively).  Older  participants  had  a  higher  percentage  of  abnormal 
findings  than  did  younger  participants  (1.5%  vs.  0.2%).  Diabetic  participants  had  the  highest  prevalence 
of  confirmed  polyneuropathy  results  (2.9%),  followed  by  nondiabetics  (0.6%),  then  participants  in  the 
impaired  diabetic  class  (0.0%). 

Insecticide  exposure  and  industrial  chemical  exposure  both  were  significantly  associated  with  tremor 
(p=0.003  and  p=0.004,  respectively).  Participants  reporting  exposure  to  insecticides  had  a  higher 
percentage  of  tremors  than  participants  who  did  not  report  exposure  (8.2%  vs.  4.5%).  Similarly, 
participants  reporting  exposure  to  industrial  chemicals  had  a  higher  prevalence  of  tremors  than  those  who 
did  not  report  exposure  (8.4%  vs.  5.0%). 

Tests  of  co variate  association  for  coordination  revealed  diabetic  class  to  be  significant  (p=0.013). 
Abnormality  rates  increased  as  the  level  of  diabetic  impairment  increased. 

Diabetic  class  was  significantly  associated  with  Romberg  sign  (p=0.036).  Diabetic  participants  had  the 
highest  percentage  of  abnormal  Romberg  sign  results  (1.7%),  followed  by  nondiabetics  (0.5%),  and 
participants  in  the  impaired  diabetic  class  (0.4%). 
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Age  and  diabetic  classes  were  associated  significantly  with  gait  (p<0.001  for  each).  Older  participants 
had  a  higher  percentage  of  an  abnormal  gait  than  did  younger  participants  (6.8%  vs.  2.8%).  The 
prevalence  of  a  gait  abnormality  increased  with  diabetic  impairment. 

Tests  of  covariate  association  for  the  CNS  index  revealed  significant  associations  with  age  (pcO.OOl), 
insecticide  exposure  (pcO.OOl),  and  industrial  chemical  exposure  (p=0.021).  The  percentage  of 
participants  with  an  abnormal  index  increased  with  age.  Participants  reporting  exposure  to  insecticides 
had  a  higher  percentage  of  abnormal  CNS  index  results  than  did  participants  who  did  not  report  exposure 
(13.7%  vs.  8.2%).  Similarly,  participants  reporting  exposure  to  industrial  chemicals  had  a  higher 
prevalence  of  abnormal  results  than  those  who  did  not  report  exposure  (13.4%  vs.  9.9%). 

1 1 .2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analysis  of  the  dependent  variables  shown  in 
Table  11-1.  Dependent  variables  were  derived  from  a  medical  records  review  and  verification  and  a 
neurological  examination  to  assess  the  cranial  nerve  function,  peripheral  nerve  status,  and  CNS 
coordination  processes. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  11-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports,  the 
average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by  enlisted  flyers, 
and  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not 
have  a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A 
statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of 
dioxin  was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (43). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
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category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in 
all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement, 
the  1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a 
1992  dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

11.2.2.1  Medical  Records  Variables 

11.2.2. 1. 1  Inflammatory  Diseases 

A  significant  difference  in  the  history  of  inflammatory  diseases  between  Ranch  Hands  and  Comparisons 
was  revealed  in  both  the  unadjusted  and  adjusted  analyses  (Table  1  l-3(a,b):  Est.  RR=10.1 1,  p=0.006; 
and  Adj.  RR=13.50,  p=0.002,  respectively).  Seven  Ranch  Hands  (0.8%)  and  one  Comparison  (0.1%) 
have  had  an  inflammatory  disease.  Of  the  seven  Ranch  Hands  with  inflammatory  diseases,  three  had 
meningitis  caused  by  bacterial  infections,  three  had  meningitis  of  unknown  cause,  and  one  had 
encephalitis  of  unknown  cause.  The  single  Comparison  with  an  inflammatory  disease  had  encephalitis  of 
unknown  cause.  All  other  Model  1  contrasts,  as  well  as  the  Model  2  results,  were  nonsignificant  (Table 
1  l-3(a-d):  p>0.1 1  for  each  Model  1  and  Model  2  analysis). 


Table  11-3.  Analysis  of  Inflammatory  Diseases 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ^  UNADJUSTED 


Number  {%) 

EsfRelatiye  Risk  %  jjlf 
(95%  CX) 

p*Value 

Yes  V':; 

AU 

Ranch  Hand 

866 

7(0.8) 

10.11  ( 1.24,82.35 ) 

0.006 

Comparison 

1,242 

1  (0.1) 

Officer 

Ranch  Hand 

340 

2  (0.6) 

— 

0.327® 

Comparison 

490 

0(0.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

2(1.3) 

— 

0.391a 

Comparison 

185 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

3  (0.8) 

4.56  (0.47,44.05) 

0.189 

Groundcrew 

Comparison 

567 

1  (0.2) 

P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  history  of  an  inflammatory  disease. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  inflammatory  disease. 
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Table  11-3.  Analysis  of  Inflammatory  Diseases  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

,  'j,  AdjpstcudRelative  Risk  ■  '  :*•  H A  :r 

'  1  (95%  C.I.) 

■'  p-Value 

All 

13.50  (1.61,113.13) 

0.002 

Officer 

„ 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

6.38  (0.64,63.30) 

0.114 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  inflammatory  disease. 

Note:  Results  are  not  adjusted  for  race  and  diabetic  class  because  of  the  sparse  number  of  participants  with  an 
inflammatory  disease. 


-  INITIAL  DIOXIN  -  UNADJUSTED: 


Initial  Dioxin  Category  Summary  Statistics 

Hf  ;  Analysis  Results  for  Log2  (Initial  Dioxin)*  |§j  1 1 

mnnw 

Estimated  Relative  Risk  4'  ’  (!  1 1  ii  f 1 1 1  :| 

Siliiilli 

Yes 

' : .  (95%  OX  j*  ^  J|f  p-Vjdue  f  gg||| 

Low 

160 

1.03  (0.48,2.18)  0.943 

Medium 

162 

High 

157 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

'  n  .  (95%  C.I.)0 

ISlll8ISil®:!!I!®liS8BISl 

476  0.98(0.45,2.17) 

0.964 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  industrial  chemicals  exposure,  degreasing  chemicals  exposure, 
and  diabetic  class  because  of  the  sparse  number  of  participants  with  an  inflammatory  disease. 
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Table  11-3 ,  Analysis  of  Inflammatory  Diseases  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED  §|§§j 

Dioxin  Category 

Number  (%) 

:4’Ye£i:/!; 

Est  Relative  Risk 
>  •'  '  (95%  C.I.)ab 

p- Value 

Comparison 

1,204 

I  (0.1) 

Background  RH 

380 

3  (0.8) 

8.82  (0.91,85.93) 

0.061 

Low  RH 

239 

2  (0.8) 

10.31  (0.93,114.27) 

0.057 

High  RH 

240 

2  (0.8) 

10.86  (0.97,121.25) 

0.053 

Low  plus  High  RH 

479 

4  (0.8) 

10.58  (1.18,95.25) 

0.035 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Adjusted  Relative  Risk 

Comparison 

1,203 

Background  RH 

377 

13.28(1.31,135.01) 

0.029 

Low  RH 

238 

13.85  (1.20,160.07) 

0.035 

High  RH 

238 

12.43(1.03,149.42) 

0.047 

Low  plus  High  RH 

476 

13.12(1.39,123.67) 

0.024 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  and  diabetic  class  because  of  the  sparse  number  of  participants  with  an 
inflammatory  disease. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|H ita  Analysis  Results  for4U»g2  (1987  bioxin  +  1)A  J  |  j|' 

1987  Number  (%•) 

Dioxin  n  Yes 

0.97  (0.58,1.63)  0.920 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  11-3.  Analysis  of  Inflammatory  Diseases  (Continued) 


(h)  MODEjUf4s{  ^ISCH  HANDS  T 1987  DlQMN  -  ADJUSTED 


Analysis  Results  for  Log*  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 
.  (95%  C.I.)a 


p- Value 


853 


0.90  (0.52,1.57) 


0.716 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  and  diabetic  class  because  of  the  sparse  number  of  participants  with  an 
inflammatory  disease. 


The  Model  3  unadjusted  analysis  of  history  of  inflammatory  diseases  revealed  marginally  significant 
differences  for  each  contrast  involving  Ranch  Hands  in  the  background,  low,  and  high  dioxin  categories 
(Table  ll-3(e):  Est.  RR=8.82,  p=0.061;  Est.  RR=10.31,  p=0.057;  and  Est.  RR=10.86,  p=0.053, 
respectively).  The  remaining  unadjusted  contrast  combining  Ranch  Hands  in  the  low  plus  high  dioxin 
category  revealed  significant  differences  between  Ranch  Hands  and  Comparisons  (Table  1  l-3(e): 

Est.  RR=10.58,  p=0.035).  Each  Model  3  contrast  was  significant  in  the  adjusted  analysis,  and  each  also 
displayed  more  Ranch  Hands  than  Comparisons  with  inflammatory  diseases  (Table  10-3(f):  Adj. 

RR=  13.28,  p=0.029;  Adj.  RR=13.85,  p=0.035;  Adj.  RR=12.43,  p=0.047;  and  Adj.  RR=13.12,  p=0.024). 

Both  the  unadjusted  and  adjusted  Model  4  analyses  of  inflammatory  diseases  were  nonsignificant  (Table 
1  l-3(g,h):  p>0.7 1  for  each  Model  4  analysis). 

11.2.2. 1.2  Hereditary  and  Degenerative  Diseases 

All  results  from  Models  1  through  4  for  hereditary  and  degenerative  diseases  were  nonsignificant  (Table 
1  l-4(a-h):  p>0.38  for  each  analysis). 


Table  11-4.  Analysis  of  Hereditary  and  Degenerative  Diseases 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED; 


l!  i  • 

Number  (%) 

Yes 

Est  Relative  Risk 
(95%  C.I.) 

llliiiwii# 

All 

Ranch  Hand 

866 

80  (9.2) 

1.08  ( 0.79,1.46 ) 

0.639 

Comparison 

1,249 

108  (8.7) 

Officer 

Ranch  Hand 

340 

30  (8.8) 

1.19(0.72,1.97) 

0.492 

Comparison 

493 

37  (7.5) 

Enlisted  Flyer 

Ranch  Hand 

151 

19  (12.6) 

1.27  (0.65,2.50) 

0.484 

Comparison 

187 

19  (10.2) 

Enlisted 

Ranch  Hand 

375 

31  (8.3) 

0.90  (0.56,1.43) 

0.643 

Groundcrew 

Comparison 

569 

52  (9.1) 
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Table  11-4.  Analysis  of  Hereditary  and  Degenerative  Diseases  (Continued) 


0>)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 
(95%  CL) 

p-Value 

All 

1.07(0.78,1.46) 

0.688 

Officer 

1.13(0.68,1.89) 

0.635 

Enlisted  Flyer 

1.31  (0.66,2.62) 

0.444 

Enlisted  Groundcrew 

0.92(0.57,1.48) 

0.737 

(c)  MODEL  2:  igGHffl|DS- 

i,  j  SummaryiStadsiti^  j-  *  t  -w‘ 

Analysis  Results  for  Log2  (Initial  Dioxin)*  f  j|; 

Initial  Number  (%) 

Dioxin  n  .  Yes  ' 

Estimated  Relative  Risk 

(95%  G.I.)”  :  p-Value 

Low  160  17  (10.6) 

Medium  162  12  (7.4) 

High  157  14  (8.9) 

1.01  (0.79,1.28)  .  0.952 

d  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


llii 

10DEE2:  RANCH 

HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Ullfl 

]  1  ,  ,  Analysis  Results  for  Log2  (Initial  Dioxin)  j  ,  j 

(95%  CX)a 

471 

1.02(0.76,1.36) 

0.909 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UlSIADJtJSTEP  fell 

„';,y:;Dioxin  Category  1 |j 

n 

Number  (%) 

iilBMIliil 

Est  Relative  Risk  £  f 
.  .  (95%  C.I.)ab 

p-Value 

Comparison 

1,211 

107  (8.8) 

Background  RH 

380 

37  (9.7) 

1.08(0.73,1.61) 

0.697 

Low  RH 

239 

21  (8.8) 

1.00(0.61,1.63) 

0.999 

High  RH 

240 

22  (9.2) 

1.07  (0.66,1.73) 

0.792 

Low  plus  High  RH 

479 

43  (9.0) 

1.03  (0.71,1.50) 

0.864 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-4.  Analysis  of  Hereditary  and  Degenerative  Diseases  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Ipfefe  r  i 

;j:  j’  :  l  Adjusted  Relative  Risk  \  |  i 1 f 
^  (95%  C.I.)a 

p-Value 

Comparison 

1,193 

Background  RH 

375 

1.16(0.77,1.76) 

0.474 

Low  RH 

235 

0.92  (0.56,1.52) 

0.736 

High  RH 

236 

1.01  (0.61,1.67) 

0.979 

Low  plus  High  RH 

471 

0.96  (0.65,1.41) 

0.841 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Kg)  MODEL*  HANDS  -  1987  DIOXIN  - 

1987  Dioxin  Category  Summary  Statistics 

4 1 \  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |  '  jf  ||| 

1987  Number  (%) 

Dioxin  ;  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  287  27  (9.4) 

Medium  287  30  (10.5) 

High  285  23  (8.1) 

0.96(0.82,1.12)  0.590 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 
(95%  CX)* 


p-Value 


846 


0.92  (0.77,1.11) 


0.380 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.1.3  Peripheral  Disorders 

Results  from  the  Model  1  analysis  of  history  of  peripheral  disorders  displayed  no  significant  differences 
between  Ranch  Hands  and  Comparisons  (Table  ll-5(a,b):  p>0.1 1  for  each  unadjusted  and  adjusted 
contrast).  The  unadjusted  and  adjusted  results  from  the  Model  2  analysis  also  did  not  display  a 
significant  relation  between  peripheral  disorders  and  initial  dioxin  (Table  1  l-5(c,d):  p>0.40  for  the 
unadjusted  and  adjusted  Model  2  analysis). 
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Table  11-5.  Analysis  of  Peripheral  Disorders 


(a)  MODEL1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

|S|||i|||l|d|5||jj 

Group 

r-;|:  ;j;; 

,  Number  (%) 

•| j-.il  Yes 

III  EsL  Relative  Risk  ' '  J||j 
|  H  -  (95%  C.I.)  |||  ft' 

p- Value 

All 

Ranch  Hand 

863 

188  (21.8) 

1.16  (0.94,1.44) 

0.169 

Comparison 

1,247 

241  (19.3) 

Officer 

Ranch  Hand 

339 

78  (23.0) 

1.32  (0.94,1.85) 

0.113 

Comparison 

492 

91  (18.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

36  (24.0) 

1.02  (0.62,1.69) 

0.941 

Comparison 

186 

44  (23.7) 

Enlisted 

Ranch  Hand 

374 

74  (19.8) 

1.08  (0.77,1.50) 

0.658 

Groundcrew 

Comparison 

569 

106  (18.6) 

(I»  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

(95%C.I.) 

p-Value 

All 

1.12  (0.89,1.40) 

0.341 

Officer 

1.25(0.88,1.78) 

0.215 

Enlisted  Flyer 

0.91  (0.54,1.54) 

0.733 

Enlisted  Groundcrew 

1.09(0.77,1.54) 

0.622 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

'  .  J 1 ,  Analysis  Results  for  Log2  (Ihitial  bioxin)8  if  1 

Initial  Number  (%) 

Dioxin  n  Yes.-'.  ' 

Low  160  40(25.0) 

Medium  162  42  (25.9) 

High  157  38  (24.2) 

1.01  (0.86,1.18)  0.915 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

^MODEL^r/RiJ^^HmNDS  -  lNITIAL  piO>XlN  T^ADJUSjW| ;  j  i  |  ^  j 

"  ■  ••••■  .  ,  -  •••  "  .  '  .  ..  (95%  C.I.)a  :■■■•"  .'  ;•  ,  ■  -  •••  p-Value 

_ 471 _ 1.09  (0.90,1.32) _ _  0.400 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Table  11-5.  Analysis  of  Peripheral  Disorders  ( Continued ) 


(e)  MODEL  3:  RANCH  H^NDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

glJNATO 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

Yes.  .  ;  (95%  C.I.)ab 

p- Value 

Comparison 

1,209 

233  (19.3) 

Background  RH 

377 

65(17.2)  0.91  (0.67,1.23) 

0.531 

Low  RH 

239 

61  (25.5)  1.42(1.03,1.97) 

0.033 

High  RH 

240 

59(24.6)  1.32(0.95,1.83) 

0.097 

Low  plus  High  RH 

479 

120(25.1)  1.37(1.07,1.76) 

0.014 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MQDEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  \DJl STED 

Adjusted  Relative  Risk 

gst!  ^smm 

(95%C.I.)a 

Comparison 

1,191 

Background  RH 

372 

0.88(0.64,1.21) 

0.437 

Low  RH 

235 

1.25  (0.89,1.76) 

0.190 

High  RH 

236 

1.33  (0.94,1.90) 

0.111 

Low  plus  High  RH 

471 

1.29  (0.99,1.69) 

0.059 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


|  (g)  MODEL  S  RANCH  HANDS -19$7jSlg^t^  T  pNAI)JUSTED  iaBSSU  111111  SI  1 1 HI  1  1  j 

lf|  X987  Dioxm  Categbry  Summary  Statistics  " 

Analysis  Results  for  Log2  (1S^87  Dioxin  +'i)y  ^  t  ■*  > ' 

Iflfiill 

Sl'PrPlOTSl 

Low 

Medium 
JSsh _ 

285  44  (15.4) 

286  71  (24.8) 

285  70  (24.6) 

1.15(1.04,1.29)  0.010 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  -  >19.6  ppt. 
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Table  11-5.  Analysis  of  Peripheral  Disorders  (Continued) 


Hi)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a 

p- Value 

843  1.20(1.04,1.38) 

0.011 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

The  Model  3  unadjusted  analysis  indicated  a  significantly  greater  percentage  of  Ranch  Hands  in  the  low 
dioxin  category  than  Comparisons  with  a  peripheral  disorder  (Table  1  l-5(e):  Est.  RR=1.42,  p=0.033). 
The  result  was  nonsignificant  after  adjustment  for  covariates  (Table  1  l-5(f):  p=0. 190).  The  unadjusted 
analysis  also  revealed  a  marginally  significant  increase  for  the  Ranch  Hands  in  the  high  dioxin  category 
(Table  1  l-5(e):  Est.  RR=1.32,  p=0.097).  This  result  was  nonsignificant  in  the  adjusted  analysis  (Table 
1  l-5(f):  p=0. 1 1 1).  The  contrast  of  Ranch  Hands  in  the  low  plus  high  dioxin  category  with  Comparisons 
displayed  a  significant  difference  in  the  percentage  of  participants  with  a  peripheral  disorder  (Table  1 1- 
5(e):  Est.  RR=1.37,  p=0.014),  indicating  a  greater  occurrence  of  peripheral  disorders  among  Ranch 
Hands  than  Comparisons.  The  result  was  marginally  significant  after  adjustment  for  covariates  (Table 
1  l-5(f):  Adj.  RR=1.29,  p=0.059). 

The  Model  4  unadjusted  and  adjusted  analyses  each  displayed  a  significant  association  between 
peripheral  disorders  and  1987  dioxin  levels  (Table  ll-5(g):  Est.  RR=1.15,  p=0.010;  and  Adj.  RR=1.20, 
p=0.011,  respectively).  The  occurrence  of  peripheral  disorders  increased  as  1987  dioxin  increased. 

11.2.2. 1.4  Other  Neurological  Disorders 

A  marginally  significant  increase  in  a  history  of  other  neurological  disorders  was  found  in  Ranch  Hands 
relative  to  Comparisons  in  the  Model  1  analyses,  both  unadjusted  and  adjusted  (Table  ll-6(a,b): 

Est.  RR=1.23,  p=0.070;  and  Adj.  RR=1.25,  p=0.078).  When  differences  were  examined  within  each 
occupation,  the  results  were  nonsignificant  in  both  the  unadjusted  and  adjusted  analyses  (Table  1  l-6(a,b): 
p>0.13  for  each  contrast).  Each  Model  2  analysis  also  was  nonsignificant  (Table  1  l-6(c,d):  p>0.48  for 
both  analyses). 


Table  11-6.  Analysis  of  Other  Neurological  Disorders 


(a)  MQfiEk  1:  RANCH  HANDS  VS*  COMPARISONS  -  UNADJUSTED 


%,  Category, 

lIMiaMlli! 

EsCRelatj  ve  Risk '  is  f J 

i'**  :  1 

p- Value 

All 

Ranch  Hand 

862 

173  (20.1) 

1.23  (0.98,1.54) 

0.070 

Comparison 

1,244 

211  (17.0) 

Officer 

Ranch  Hand 

338 

29  (8.6) 

1.12(0.68,1.86) 

0.656 

Comparison 

492 

38  (7.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

46  (30.5) 

1.37(0.85,2.22) 

0.198 

Comparison 

186 

45  (24.2) 

Enlisted 

Ranch  Hand 

373 

98  (26.3) 

1.22  (0.90,1.65) 

0.200 

Groundcrew 

Comparison 

566 

128  (22.6) 
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Table  11-6.  Analysis  of  Other  Neurological  Disorders  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CX) 

p-Value 

All 

1.25  (0.98,1.59) 

Officer 

1.09  (0.65,1.84) 

0.734 

Enlisted  Flyer 

1.33  (0.79,2.21) 

0.283 

Enlisted  Groundcrew 

1.28  (0.92,1.78) 

0.136 

§§| §  Analysis  Results  for  Log2  (Initial  Dioxin)8  1 § J 

,f  \p  Initial  'Jj,  >  r  ^umber  (%)i  ;f 

iS:  Estimated  Relative  Risk  if  1 1||  |||  J  ||  ;| 

(95%C.I.)b  p-Value 

Low  160  34(21.3) 

Medium  161  41  (25.5) 

High  157  38  (24.2) 

1.06  (0.90,1.24)  0.483 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)MOpEL2:^  , 


llllplllplilSIllS 

jiipillliiftilia 

jli  jiiii 

naiysis  Results  for  Lc 

Adjusted  Relative  Ri 
;  (95%C.I.)*  \ 

g2  (Initial  Dioxin) 

sk 

^  %i;  $  'VN » A*  * 

470 

0.99  (0.81,1.20) 

0.922 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

<e)  MODEL  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

:  Number  (%) 

%  *  Est  Relative  Risk  {&{  t 

j||  Dioxin  Category  |J| 

|i| 

Comparison 

1,206 

204  (16.9) 

Background  RH 

377 

59  (15.7) 

0.88  (0.64,1.21) 

0.442 

Low  RH 

239 

55  (23.0) 

1.48  (1.06,2.07) 

0.023 

High  RH 

239 

58  (24.3) 

1.62(1.16,2.26) 

0.005 

Low  plus  High  RH 

478 

113(23.6) 

1.55(1.19,2.01) 

0.001 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-6.  Analysis  of  Other  Neurological  Disorders  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

APJlJSTEp.  |||!!|1|| 

fjfffij  Dioxin  ^Category  1  ,  j 

KiSlIc  J3P 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,188 

Background  RH 

372 

1.21  (0.85,1.73) 

0.281 

Low  RH 

235 

1.31  (0.90,1.89) 

0.161 

High  RH 

235 

1.23(0.85,1.77) 

0.271 

Low  plus  High  RH 

470 

1.27(0.95,1.69) 

0.106 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


|||g|||ggli|jj^ 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

'  1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  285  45  (15.8) 

Medium  286  54  (18.9) 

High  284  73  (25.7) 

1.13(1.01,1.26)  0.038 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  3987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logi  (1987  Dioxin  +  1) 

ij i  |}f §§|g 


p-Value 


842 


0.97  (0.84,1.11) 


0.625 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  3  unadjusted  analysis  displayed  significant  differences  between  Ranch  Hands  in  each  of  the 
low,  high,  and  low  plus  high  dioxin  categories  and  Comparisons  (Table  1  l-6(e):  Est.  RR=1.48,  p=0.023; 
Est.  RR=1.62,  p=0.005;  and  Est.  RR=1.55,  p=0.001,  respectively).  Each  result  became  nonsignificant 
after  adjustment  for  co variates  (Table  1  l-6(f):  p>0. 10  for  each  adjusted  result).  The  Model  3  contrast  of 
Ranch  Hands  in  the  background  dioxin  category  with  Comparisons  was  nonsignificant  in  both  the 
unadjusted  and  adjusted  analysis  (Table  1  l-6(g,h):  p>0.28  for  the  unadjusted  and  adjusted  analyses). 

A  significant  positive  association  between  other  neurological  disorders  and  the  1987  dioxin  levels  was 
found  in  the  Model  4  unadjusted  analysis  (Table  1  l-6(g):  Est.  RR=1.13,  p=0.038).  After  adjustment  for 
covariates,  the  association  became  nonsignificant  (Table  1  l-6(h):  p=0.625). 
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11.2,2.2  Physical  Examination  Variables  -  Cranial  Nerve  Function 
11.2.2.2.1  Smell 

A  marginally  significant  difference  was  found  between  Ranch  Hand  and  Comparison  enlisted  flyers  from 
the  Model  1  unadjusted  analysis  of  an  abnormal  sense  of  smell  (Table  ll-7(a):  Est.  RR=7.70,  p=0.060). 
After  adjustment  for  covariates,  the  result  was  nonsignificant  (Table  1  l-7(b):  p=0. 148).  All  other  Model 
1  contrasts,  as  well  as  all  other  results  from  Models  2  through  4,  were  nonsignificant  (Table  1  l-7(a-h): 
p>0. 12  for  each  remaining  analysis). 


Table  11-7.  Analysis  of  Smell 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


.  ’  Category  ’ 

Number  (%) 

^*^::;-Abniori|ial  §Jgj!Jt 

A/  EstRelative  Risk  H ;'j»5 

C'V  t 

1 1 1  p-Value 

All 

Ranch  Hand 

862 

20  (2.3) 

1.54(0.81,2.89) 

0.186 

Comparison 

1,247 

19  (1.5) 

Officer 

Ranch  Hand 

331 

5(1.5) 

0.73  (0.25,2.14) 

0.562 

Comparison 

492 

10  (2.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

6  (4.0) 

7.70  (0.92,64.65) 

0.060 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

374 

9(2.4) 

1.73  (0.66,4.51) 

0.266 

Groundcrew 

Comparison 

568 

8(1.4) 

(b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

ills 

Occupational  Category 

lllll;  Adjusted  Relative  Risk  ■: liKllill'il 

(95%  C.I.) 

iglll |  p*Value’||?:;vl|.3; 

All 

1.20(0.60,2.36) 

Officer 

0.53  (0.16,1.71) 

Enlisted  Flyer 

5.12(0.56,46.70) 

Enlisted  Groundcrew 

1.57  (0.58,4.27) 

0.376 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  i 

UNADJUSTED 

? mmmmm  DioxinCategory  Summary  Statistics  j  1  lliflrli 

l  *  Dioxin  fjj  j§j  |§§||||  |  } 

\ 

|j?  EstimatedRelatiye  Risk  ^33S?i  <•  M.  I  ^  ■  ( 

(9S%C.I.)b  ■  p-Vatue 

0.94(0.58,1.51)  0.782 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Table  11-7.  Analysis  of  Smell  (Continued) 


■(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED  /  | 

fi>rLog2  (Initiid  Dioxin)  ; 
Adjusted  Relative  Risk 
•  ■  (95%  C.I.)a  ■  ■ 

p-Value 

469 

0.83  (0.46,1.50) 

0.534 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  sense  of 
smell. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

- 1  N  ADJUSTED 

Abnormal 

Est  Relative  Risk 
•  (95%  C.I.)ab 

p-Value 

Comparison 

1,209 

18(1.5) 

Background  RH 

378 

8(2.1) 

1.42  (0.61,3.31) 

0.420 

Low  RH 

238 

7  (2.9) 

2.01  (0.83,4.86) 

0.122 

High  RH 

239 

4  (1.7) 

1.14  (0.38,3.40) 

0.821 

Low  plus  High  RH 

477 

11  (2.3) 

1.51  (0.69,3.29) 

0.300 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(!)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

§|f@| f  Dioxin  Category  |  j|  J  \ 

Adjusted  Relative  Risk 
(95%  C.I.)a 

Comparison 

1,191 

Background  RH 

373 

1.04  (0.40,2.73) 

0.929 

Low  RH 

234 

1.57  (0.61,4.06) 

0.353 

High  RH 

235 

0.82  (0.23,2.92) 

0.758 

Low  plus  High  RH 

469 

1.13(0.48,2.68) 

0.777 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


11-30 


Table  11-7.  Analysis  of  Smell  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for.  Log}  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

V 1  Estimated  Relative  Risk 
(95%  C.I.)a 

■  :[  ■  p-Value  ' 

IS  Bj3 

0.89  (0.65,1.23) 

0.481 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

•  fv  {,  ,# g  Adjusted  Relative  Risk  I 

<95%  C.I.)a 


p-Value 


842 


0.83  (0.56,1.22) 


0.333 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  sense  of 
smell. 


11.2.2.2.2  Visual  Fields 

All  results  from  the  analysis  of  visual  fields  from  Models  1,  3,  and  4  were  nonsignificant  (Table 
1  l-8(a,b,e-h):  p>0.38  for  each  analysis).  A  significant  positive  association  between  visual  fields  and 
initial  dioxin  was  found  in  both  the  unadjusted  and  adjusted  Model  2  analyses  (Table  1  l-8(c,d): 

Est.  RR=3.93,  p=0.040;  and  Adj.  RR=4.37,  p=0.049,  respectively).  One  Ranch  Hand  in  the  high  initial 
dioxin  category  had  abnormal  visual  fields. 


11-31 


Table  11-8.  Analysis  of  Visual  Fields 

(a)  MODEL  !: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

\ fi  | 

Number  (%) 

Est  Relative  Risk 
(95%  CX)  * 

p-Value 

All 

Ranch  Hand 

866 

2  (0.2) 

0.57  (0.11,2.97) 

0.493 

Comparison 

1,245 

5(0.4) 

Officer 

Ranch  Hand 

340 

0  (0.0) 

— 

0.999a 

Comparison 

492 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

0.61  (0.06,6.83) 

0.691 

Comparison 

186 

2(1.1) 

Enlisted 

Ranch  Hand 

375 

1  (0.3) 

0.76  (0.07,8.36) 

0.819 

Groundcrew 

Comparison 

567 

2  (0.4) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormal  visual  fields. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  visual  fields. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

(95%  CX) 

All 

0.49  (0.09,2.64) 

0.387 

Officer 

_ 

_ 

Enlisted  Flyer 

0.48  (0.04,5.78) 

0.566 

Enlisted  Groundcrew 

0.70  (0.06,8.00) 

0.778 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  visual  fields. 


:  (c)  MODEL  2:  R^NCH  HANDS  -  INITIAL  DIOXIN  - 

UNADJUSTED 

(I  ;|i|||f  'Suramai^^Statistic^^  ■  |  :|f§|f§ 

vg  4  Analysis  Results  for  Log2  (Initial  Dioxin)8  .  J  J  ’ 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Low  160  0  (0.0) 

Medium  162  0  (0.0) 

High  157  1  (0.6) 

3.93  (0.93,16.64)  0.040 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-8.  Analysis  of  Visual  Fields  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

'  n 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  CL)* 

J|gj|§  •:  p-Vkllie-:  § lllii ill :i:i| 

476 

4.37  (0.84,22.64) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  abnormal  visual  fields. 


COMPARISONS  BY  DIOXIN  CATEGORY 

unadjusted 

n 

Abnormal  |  jg|j 

EsL  Relative  Risk;:;|^ 
(95%C.I.)ab 

||l||§f IIS p- Value  111 III  }| . . 

Comparison 

1,207 

5(0.4) 

Background  RH 

380 

1  (0.3) 

0.70  (0.08,6.09) 

0.746 

Low  RH 

239 

0  (0.0) 

— 

0.694c 

High  RH 

240 

1  (0.4) 

0.92  (0.11,8.03) 

0.940 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.853c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormal  visual  fields. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  visual  fields. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

S^AljiptfedRMatiVeRisk  1 

1 1| !  1  DioxinCategory  ||Jf| J 

Comparison 

1,189 

Background  RH 

375 

0.86  (0.10,7.83) 

0.897 

LowRH 

235 

__ 

- 

High  RH 

236 

0.57  (0.06,5.52) 

0.629 

Low  plus  High  RH 

471 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  visual  fields. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-8.  Analysis  of  Visual  Fields  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

\  Analysis  Results  for  Log2  (1987  Dioxin +  J)  ^  ' 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  287  1  (0.4) 

Medium  287  0  (0.0) 

High  285  1  (0.4) 

1.43  (0.62,3.31)  0.421 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -ADJUSTED 


lira! 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
(95%  C.I.)a 


p-Value 


853 


1.40  (0.58,3.38) 


0.456 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  degreasing  chemicals  exposure,  and 
diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  abnormal  visual  fields. 


1 1.2.2.23  Light  Reaction 

More  Comparisons  than  Ranch  Hands  had  an  abnormal  light  reaction,  and  the  unadjusted  and  adjusted 
Model  1  analyses  combining  all  occupations  were  significant  (Table  ll~9(a,b):  Est.  RR=0.12,  p=0.007 
for  the  unadjusted  analysis;  and  Adj.  RR=0.13,  p=0.010  for  the  adjusted  analysis).  Results  were 
nonsignificant  when  examined  separately  for  each  occupation  in  both  the  unadjusted  and  adjusted 
analyses  (Table  ll-9(a,b):  p>0.17  for  each  remaining  Model  1  contrast). 
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Table  11-9.  Analysis  of  Light  Reaction 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Number  (%)  Est. 

!  iiislUS 


All  Ranch  Hand  861  1  (0.1)  0.1. 

Comparison  1,247  12  (1.0) 

Officer  Ranch  Hand  336  0 fO.Ol 


Enlisted 


IHliiiHii 

.  Number  (%) 

'I^I^Aibnornial’  mm  § 

Est.  Relative  Risk  || j 

siiiMiiiiBsii 

8151  p-Value 

Ranch  Hand 

861 

1  (0J) 

0.12  (0.02,0.92) 

0.007 

Comparison 

1,247 

12  (1.0) 

Ranch  Hand 

336 

0  (0.0) 

— 

0.399a 

Comparison 

493 

3  (0.6) 

Ranch  Hand 

151 

1  (0.7) 

0.31  (0.03,2.76) 

0.291 

Comparison 

187 

4  (2.1) 

Ranch  Hand 

374 

0(0.0) 

— 

0.173a 

Comparison 

567 

5  (0.9) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  light  reaction. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category  (95%  C.I.)  p- Value 


All  0.13  (0.02,0.98)  0.010 

Officer 

Enlisted  Flyer  0.36  (0.04,3.38)  0.37 1 

Enlisted  Groundcrew _ 


Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


p-Value 


|j  Initial  Dioxin  Category  Summary  Statistics  i 


Dioxin 

illliiil 

Abnormal 

Low 

60 

0 

Medium 

62 

0 

High 

56 

0 

m 

1 1'  Analysis  Results  for  Log2  (Initial  Dioxin) 


p-Value 


Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIABT) 


liJliKifsKij 


Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 
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Table  11-9.  Analysis  of  Light  Reaction  (Continued) 


(eXMftDEL3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Number  (%)  Est.  Relative  Risk 


Dioxin  Category  n  Abnormal  (95%  C.L)ab  p-Value 


Comparison 

1,209 

11  (0.9) 

Background  RH 

376 

1  (0.3) 

0.30  (0.04,2.35) 

0.252 

Low  RH 

239 

0  (0.0) 

— 

0.283c 

High  RH 

239 

0  (0.0) 

— 

0.283c 

Low  plus  High  RH 

478 

0  (0.0) 

~ 

0.079° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  light  reaction. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


H  i  MODEL  3:  R  ANCH  H 

V.NDS  AND  COMP/ 

PRISONS  BY  DIOXIN  CATE 

SORY- ADJUSTED 

Dioxin  Category 

?  -in!,  *  *  v 

flit  Adjusted  Relative  Risk 

(95%  C.I.)a  '  : 

Comparison 

1,191 

Background  RH 

371 

0.38  (0.05,3.03) 

0.359 

Low  RH 

235 

— 

_ 

High  RH 

235 

— 

— 

Low  plus  High  RH 

470 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1*7  Number^ 

i  ;  *  Dioxin  4  fill g;  Ab^Oru&l  | 

Low  284  0  (0.0) 

Medium  286  1  (0.4) 

High  284  0  (0.0) 

0.77(0.18,3.29)  0.715 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  11-9.  Analysis  of  Light  Reaction  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

;  .  -  ;  ^  n _  .  (95%  C.I.)a _ p -Value _ 

_ 848 _ 0.75  (0.18,3.12) _ 0.681 _ 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal  light  reaction. 


The  Model  2  analysis  of  light  reaction  was  not  possible  because  of  the  absence  of  any  Ranch  Hands  with 
an  abnormal  light  reaction  and  an  initial  dioxin  estimate. 

The  unadjusted  Model  3  analysis  displayed  a  marginally  significant  difference  between  Ranch  Hands  in 
the  low  plus  high  dioxin  category  and  Comparisons  (Table  1  l-9(e):  p=0.079).  The  percentage  of 
participants  with  an  abnormal  light  reaction  was  0.0  percent  for  Ranch  Hands  in  the  low  plus  high 
category  and  0.9  percent  for  Comparisons.  All  other  Model  3  contrasts  examined,  as  well  as  the  Model  4 
analysis  results,  were  nonsignificant  (Table  1  l-9(e-h):  p>0.25  for  each  remaining  Model  3  contrast  and 
Model  4  analysis). 

11.2.2.2.4  Ocular  Movement 

All  results  from  the  analyses  of  ocular  movement  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-10(a-h):  p>0.15  for  each  analysis). 


Table  11-10.  Analysis  of  Ocular  Movement 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

illiiiitS 

‘  Est  Relative  Risk  ?  *  1 

|g|ji§ppiill 

All 

Ranch  Hand 

866 

14(1.6) 

1.19  ( 0.58,2.43 ) 

0.632 

Comparison 

1,249 

17(1.4) 

Officer 

Ranch  Hand 

340 

2  (0.6) 

0.58  (0.11,2.99) 

0.513 

Comparison 

493 

5(1.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

3  (2.0) 

1.87  (0.31,11.37) 

0.494 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

375 

9  (2.4) 

1.37  (0.55,3.42) 

0.493 

Groundcrew 

Comparison 

569 

10(1.8) 
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Table  11-10.  Analysis  of  Ocular  Movement  (Continued) 


(b)  MODEL  Is  RANCH  HANDS  VS,  COMPARISONS  -ADJUSTED 

Occupational  Category 

|:f;f  t!  Adjusted  Relative  Risk 
(95%  CX) 

p-Value 

AU 

1.17(0.56,2.42) 

0.675 

Officer 

0.56  (0.11,2.90) 

0.485 

Enlisted  Flyer 

1.76  (0.29,10.81) 

0.543 

Enlisted  Groundcrew 

1.37  (0.54,3.45) 

0.508 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

§!8j  Analysis  Results  for  Log2  (Initial  Dioxin)8  J  J§  j| j 

Estimated  Relative  Risk 

'  (95%  C.I.)b  -  :  '  "  p-Value 

0.77(0.44,1.32)  0.315 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -prriALpiQXW- ADJUSTED  |||i|||||  K  ;i  1 

vSf  ft <&.  ji  ra  Jfti  <vk^>n-  f>  - 

(95%  C.I.)a  '  p-Value 

471  ~~ . . .  0.74  (0.40,1.36)  0.318 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  insecticide  exposure  because  of  the  sparse  number  of  participants  with  an 
abnormal  ocular  movement. 


(e)  MOpEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

Siiaiiiii 

Abnormal  |  *.! 

|Hf|  Est  Relative  Risk  || 
(9?fe 

Comparison 

1,211 

14  (1.2) 

Background  RH 

380 

4(1.1) 

0.93  (0.30,2.85) 

0.896 

Low  RH 

239 

5  (2.1) 

1.82  (0.65,5.10) 

0.256 

High  RH 

240 

5  (2.1) 

1.79  (0.63,5.04) 

0.271 

Low  plus  High  RH 

479 

10(2.1) 

1.80  (0.79,4.10) 

0.159 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-10.  Analysis  of  Ocular  Movement  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS 

BY 

DIOXIN 

,  i  ■..}  i;-. L  ^  '-<A$us 

Dioxin  Category  '  '  ■;  .  'n  „  ’  L*  ■■'*!' ‘  j 

ted  i 

(9S1 jj 

Relative  Risk 

LC.I.)a  p-Value 

Comparison 

1,193 

Background  RH 

375 

1.18(0.37,3.73) 

0.781 

Low  RH 

235 

1.76  (0.61,5.07) 

0.291 

High  RH 

236 

1.32  (0.45,3.83) 

0.614 

Low  plus  High  RH 

471 

1.52  (0.65,3.55) 

0.328 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g) MQDEL 4:  RANCH  HANDS -1987  DIOXIN  -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

? Analysis  Results  for  Log 2  (1987' Dioxin  +  lff  i J  j  J  ; 

1987  Number  (%) 

Dioxin  n  Abnormal 

(95%  C.I.)a  p- Value 

K£  S  Hi  '  "•  H» Hi  EZ 1 I-as- 

1.09(0.77,1.54)  0.643 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MOjREL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2^>C1987  Dioxin  + 1) 
Adjusted  Relative  Risk 


p- Value 


846 


0.91  (0.63,1.32) 


0.614 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.2.5  Facial  Sensation 

All  analyses  of  facial  sensation  in  Models  1  through  4  were  nonsignificant  (Table  1 1-1  l(a-h):  p>0.45 
for  each  analysis). 
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Table  11-11.  Analysis  of  Facial  Sensation 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


IlllliiSiil  Sbli  f 

Number  (%) 

Ijlgf  Abnormal ®§|if 

Esti  Relative  Risk 
<95%  C.I.) 

p-Value 

All 

Ranch  Hand 

865 

2  (0.2) 

1.44(0.20,10.27) 

0.714 

Comparison 

1,248 

2  (0.2) 

Officer 

Ranch  Hand 

339 

\  (0.3) 

1.46  (0.09,23.35) 

0.791 

Comparison 

493 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

0.9993 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

375 

1  (0.3) 

_ 

0.834a 

Groundcrew 

Comparison 

568 

0  (0.0) 

aP-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  facial  sensation. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  facial  sensation. 


(l>)  MODEL  1:  RANCH  HANDS  VS.  GOIMPARISQNS -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) 

BlllllSWiilll 

All 

1.38  (0.19,9.87) 

0.750 

Officer 

1.45  (0.09,23.48) 

0.792 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  facial  sensation. 

Note:  Results  are  not  adjusted  for  race,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse  number  of 
participants  with  an  abnormal  facial  sensation. 


(c)  MODEL 2:  RANCH  HANDS -INITIAL DIOXIN -UNADJUSTED 

C1  1^4 i  Initial  Dioxin  Category  Summary  Statistics  |||J  gf;- 

j<S{  Analysis  Results  for  Log2  (Initial  Dioxin)*  'r 

\  |  '|p  | j|p| 1  Iff 

1!  ¥  IHoxiri^  f  #  ^  J  f  V  Jl  p  ,,  Apripirmall: 

'•[  Estimated  Relative  Risk  I'v  p"  1  k 

Low  160  1  (0.6) 

Medium  162  0  (0.0) 

High  157  0(0.0) 

0.45  (0.04,5.19)  0.455 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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I  1.  I 


Table  11-11.  Analysis  of  Facial  Sensation  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


i# 


P--  Sir ' 


a  < 


-I-  !:■ 


Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  CX)* 


p-Value 


mm. 

mm  si# 

_ _ 


476 


0.55(006,538) 


0.553 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  facial 
sensation. 


(e)  MODEL 3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -UNADJUSTED 

|I|||gJ 

EsC  Relative  Risk 

ft  jr 

Comparison 

1,210 

2  (0.2) 

Background  RH 

379 

1  (0-3) 

1.77  (0.16,19.96) 

0.646 

Low  RH 

239 

1  (0.4) 

2.46  (0.22,27.39) 

0.463 

High  RH 

240 

0(0.0) 

- 

0.999° 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.999° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  facial  sensation. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  facial  sensation. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-11.  Analysis  of  Facial  Sensation  (Continued) 


(f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY -  ADJUSTED 

!  L  Adjusted  Relative  Risk 

Dioxin  Category 

n 

(95%  C.I.)a 

Jffllllll  1  p-Value  J 

Comparison 

1,209 

Background  RH 

376 

1.70  (0.14,19.96) 

0.672 

Low  RH 

238 

2.04  (0.18,23.31) 

0.564 

High  RH 

238 

— 

— 

Low  plus  High  RH 

476 

-- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  facial  sensation. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin. <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse  number  of 
participants  with  an  abnormal  facial  sensation. 


(g)  MODEL 4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logi  (1987  Dioxin  +  1) 

1 1  Number  (%)  $ 

Estimated  Relative  Risk 

« 

1:1% Abnormal  & 

(95%  C.I.)’  ■  p-Value  . 

Low 

286 

1  (0.4) 

0.75(0.27,2.11)  0.572 

Medium 

287 

1  (0.4) 

High 

285 

0  (0.0) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

(  |  ’  jjlj§|  |f|  $  |Hif  AnalyMs  ^sdlts  H||S§|  (1987  Dioxin  +  1)  fl  ^  §j 

852 


0.79  (0.23,2.66) 


0.694 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  Ranch  Hands  with  an  abnormal  facial  sensation. 


11.2.2.2.6  Corneal  Reflex 

Statistical  analysis  of  corneal  reflex  was  not  performed  because  of  the  absence  of  abnormalities  among 
Ranch  Hands.  A  corneal  reflex  abnormality  was  noted  in  one  Black  enlisted  groundcrew  Comparison. 
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1 1. 2.2.2. 7  Jaw  Clench 


Each  result  obtained  from  the  analyses  of  jaw  clench  conducted  from  Models  1  through  4  was 
nonsignificant  (Table  1  l-12(a-h):  p>0.32  for  each  analysis). 


Table  11-12.  Analysis  of  Jaw  Clench 

(a)MOpEtil: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

iiiiiiiiiiii 

llilliiiiitl# 

ifiiiiiiissi 

Number  (%) 
Deviated 

Est  Relative  Risk  jf 

(95%  C.I.) 

p-Value 

AU 

Ranch  Hand 

866 

2  (0.2) 

— 

0.327a 

Comparison 

1,249 

0  (0.0) 

Officer 

Ranch  Hand 

340 

2  (0.6) 

— 

0.325a 

Comparison 

493 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

_ 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

0  (0.0) 

_ 

— 

Groundcrew 

Comparison 

569 

0(0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  deviated  jaw  clench. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  jaw  clench. 

(b)  MODEL  1: 

IKII 

f  f|\j  bccupational  Category 

Adj 

ust|dRelaiU\^SRisk 

p-Value 

wmm 

All 

- 

— 

Officer 

— 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

— 

_ 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  jaw  clench. 
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Table  11-12.  Analysis  of  Jaw  Clench  ( Continued ) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

;  -initial.'  ,  H  /Number  (%jf\;  :;;V' 

Dioxin  n  ;  ^Deviated  -i/i 

Estimated  Relative  Risk 

(95%C.I.)b  p- Value 

Low  160  0(0.0) 

Medium  162  1  (0.6) 

High  157  0  (0.0) 

0.59  (0.09,3.87)  0.539 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


•  (d)  MODEL|2:; 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk  -  V 

v '  [f : h  ■  lf$j  | >'£’ 

(95%  c.L)a  ■ 

476 

0.59  (0.08,4.24) 

0.562 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  deviated  jaw  clench. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  B»Y  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Number  (%) 

Est  Relative  Risk  -  iff 

lilliiWK 

Comparison 

1,211 

0  (0.0) 

Background  RH 

380 

1  (0.3) 

— 

0.5403 

Low  RH 

239 

1  (0.4) 

— 

0.366a 

High  RH 

240 

0  (0.0) 

— 

__ 

Low  plus  High  RH 

479 

1  (0.2) 

— 

0.63  la 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  deviated  jaw  clench. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  jaw  clench. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


11-44 


Table  11-12.  Analysis  of  Jaw  Clench  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adjusted  Relative  Risk 

n  (95%C.I.)  p- Value 

Comparison 

- 

Background  RH 

Low  RH 

High  RH 

Low  plus  High  RH 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  jaw  clench. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <,  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

|  |§f|  1987Di  oxin  Category  Summary  Statistics  | 

?V  Analysis  Results  for  Log*  (1987;EiiQXin  +  |  J 

1987  ■  Number (%) 

Dioxin  n  Deviated 

^ i^lpStimat^ ‘Relative hiifc! „  ^  \  t  { Jjf  "iWfe ^  %  ?  ¥ 

(95%  C.I.)a  p- Value 

Low  287  0  (0.0) 

Medium  287  2  (0.7) 

High  285  0  (0.0) 

0.92  (0.35,2.44)  0.864 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

l 1  ?,¥  ^  ^  ^  1  ti  1 I  r<  lx  "  -]  * V  f  sAdjJCpSffcM Reiatiye^Risk .  V 3 

n  (95%  C.I.)a  p- Value 

853 _ 1.02  (0.34,3.08) _ 0.969 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  Ranch  Hands  with  a  deviated  jaw  clench. 


11.2.2.2.8  Smile 

Each  result  obtained  from  the  analyses  of  smile  conducted  from  Models  1  through  4  was  nonsignificant 
(Table  1  l-I3(a-h):  p>0.1 1  for  each  analysis). 
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Table  11-13.  Analysis  of  Smile 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Category 

Number  (%) 
Abnormal 

Est  Relative  Risk 
(95%  C.I.) 

p-Value 

AU 

Ranch  Hand 

866 

7(0.8) 

2.54(0.74,8.69) 

0.129 

Comparison 

1,249 

4(0.3) 

Officer 

Ranch  Hand 

340 

1  (0.3) 

0.72  (0.07,8.02) 

0.793 

Comparison 

493 

2  (0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

— 

0.915a 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

5(1.3) 

3.83  (0.74,19.85) 

0.110 

Groundcrew 

Comparison 

569 

2(0.4) 

aP-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  smile. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  smile. 


(b)  MODEL  1:  KANCII  HANDS  VS.  COMPARISONS  -  ADJUSTED 

1  ?  Occupational  Category 

Adjusted  Relative  Risk 

illliliattiliillliliiii! 

All 

2.45  (0.71,8.50) 

0.149 

Officer 

0.71  (0.06,7.91) 

0.777 

Enlisted  Flyer 

— 

Enlisted  Groundcrew 

3.62  (0.69,19.00) 

0.128 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  smile. 

Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal 
smile. 


<c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)a 

(95%C.I.)"  :v  p-Valuc 

1.38  (0.70,2.70)  0.372 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-13. 

Analysis  of  Smile  (Continued) 

(d)  MODEL  2: 

RA^CH  H^NDS -  IMTI^L  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  C.I.)*  ' 

,1 '  i  ilfiPiiii 

476 

1.50  (0.75,3.02) 

0.274 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  industrial  chemicals  exposure,  degreasing  chemicals  exposure, 
and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  smile. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNADJUSTED  ||§gg| 

Number  (%)  I j  fjl  -  Est.  Relative  Risk 

111  Abnormal  j  |  (95%  CX)ab  j | fjg  1 

||  |  H|  i  p- Value  lljH'  j 

Comparison 

1,211 

4(0.3) 

Background  RH 

380 

3(0.8)  2.61  (0.57,11.87) 

0.214 

Low  RH 

239 

2(0.8)  2.49(0.45,13.68) 

0.295 

High  RH 

240 

2(0.8)  2.35(0.42,13.05) 

0.328 

Low  plus  High  RH 

479 

4  (0.8)  2.42  (0.60,9.77) 

0.215 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

'ADJUSTED 

Adjusted  Relative  Risk 

j|  Dioxin  Category  \y'/t 

:  (95%CX)a 

Comparison 

1,210 

Background  RH 

377 

3.14(0.65,15.08) 

0.152 

Low  RH 

238 

2.38(0.42,13.43) 

0.326 

High  RH 

238 

1.80(0.30,10.67) 

0.517 

Low  plus  High  RH 

476 

2.07  (0.50,8.57) 

0.315 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal 
smile. 
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Table  11-13.  Analysis  of  Smile  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

19S7  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

is  gg  gi gs 

1.16(0.72,1.88)  0.541 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


m  MODEL  4:  RANCH  ADJUSTED 


Analysis  Results  for  Loga  (1987  Dioxin  +  1) 
•  Adj^tedjEeiative  Risk  -  -  | 


p-Value 


853 


0.99(0.59,1.65) 


0.972 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal 
smile. 


11.2.2.2.9  Palpebral  Fissure 

All  results  from  the  analyses  of  palpebral  fissure  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-14(a-h):  p>0.32  for  each  analysis). 


Table  11-14.  Analysis  of  Palpebral  Fissure 


(a)  MODEL  1: 

'RANCH  H^ISIDS  VS.  MBSBBBBM  -  UNADJUSTED 

'  ^|0<^p^ipnaf || 
Category 

1  |  | 

fill 

itpy  ^Abnonnal  Jpp 

|  Es£v Relative  Risk  ;  V* 

All 

Ranch  Hand 

866 

7(0.8) 

0.84(0.33,2.14) 

0.713 

Comparison 

1,249 

12  (1.0) 

Officer 

Ranch  Hand 

340 

2  (0.6) 

0.58  (0.11,2.99) 

0.513 

Comparison 

493 

5(1.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

1.24(0.08,19.99) 

0.879 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

375 

4(1.1) 

1.01  (0.28,3.61) 

0.986 

Groundcrew 

Comparison 

569 

6(1.1) 
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Table  11-14.  Analysis  of  Palpebral  Fissure  (Continued) 


}  (b£J#0DEL RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

%  §  '  Occupational  Category  f'J;  | 

Adjusted  Relative  Risk 

(95%  CL)  ::  • 

p-Vaiue 

All 

0.71  (0.26,1.94) 

0.502 

Officer 

0.63  (0.12,3.31) 

0.582 

Enlisted  Flyer 

0.87  (0.05,14.32) 

0.921 

Enlisted  Groundcrew 

0.90  (0.25,3.27) 

0.876 

Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal 
palpebral  fissure.  Results  for  analyses  stratified  by  occupation  also  are  not  adjusted  for  lifetime  alcohol  history 
because  of  the  sparse  number  of  participants  with  an  abnormal  palpebral  fissure. 


.(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

If  |  Analysis  Results  for  Log2  (Initial  Dioxin)8  |f|f§|  j 

(95%C.I.)b  p- Value 

Low  160  2(1.3) 

Medium  162  0  (0.0) 

High  157  1  (0.6) 

1.15(0.50,2.64)  0.750 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MQDEL  2:  RANCH  HANDS  -  IP 

HTIAL  DjCXIN  -  ADJUSTED 

Al 

i  Egs  ;-.|j  :3  Hi  fl  i  \W. 

lalysis  Results  for  Log2  (Initial  Dioxin)  pgf  |  J 

n 

Adjusted  Relative  Risk 
;  (95%  C.I.)“ 

p-Value 

476 

1.25  (0.54,2.93) 

0.613 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  degreasing  chemicals  exposure,  and 
diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  palpebral  fissure. 
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Table  11-14.  Analysis  of  Palpebral  Fissure  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DJOXIN  CATEGORY 

-  UNADJUSTED 

Number  (%)  1111 1  Est  Relative  Risk 

Dioxin  Category 

Abnormal  ,  l  1 •  (95%CX)ab 

p-Value 

Comparison 

1,211 

12(1.0) 

Background  RH 

380 

4(1.1)  1.20(0.38,3.78) 

0.759 

Low  RH 

239 

2(0.8)  0.81  (0.18,3.66) 

0.785 

High  RH 

240 

1  (0.4)  0.37  (0.05,2.91) 

0.347 

Low  plus  High  RH 

479 

3(0.6)  0.55(0.14,2.10) 

0.381 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  I  t 

:  1  3R#) 

Adjusted  Relative  Risk 
(95%' C.I.)*  i 

Comparison 

1,210 

Background  RH 

377 

0.96  (0.26,3.60) 

0.955 

Low  RH 

238 

0.79  (0.17,3.64) 

0.761 

High  RH 

238 

0.35  (0.04,2.84) 

0.324 

Low  plus  High  RH 

476 

0.52  (0.13,2.05) 

0.352 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal 
palpebral  fissure. 


(s)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

mJI*  ?  i  1987Dioxin  Category  Summary  Statistics 

Andysis  Results  for  Log^  (1987  Dioxin  +  Sykt  c  ^  \  ■ 

1987  Number  (%) 

Dioxin  .  n;  :  .  Abnormal 

Estimated  Relative  Risk 

(95%  C.D*  p-Value 

Low  287  2  (0.7) 

Medium  287  4(1.4) 

High  285  1  (0.4) 

1.05(0.64,1.73)  0.840 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  11-14.  Analysis  of  Palpebral  Fissure  (Continued) 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 


Analysis  Results  for  Log2  <1987  Dioxin  +  1) 

§  i^'il^fti^^^Relative  Risk:?:  ?l;:  jtllt! 


p- Value 


853 


1.17(0.65,2.12) 


0.598 


a  Relative  risk  for  a  twofold  increase  in  1 987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  participants  with  an  abnormal  palpebral  fissure. 


11.2.2.2.10  Balance 

All  results  from  the  analyses  of  balance  from  Models  1  through  4  were  nonsignificant  (Table  1  l-15(a-h): 
p>0.12  for  each  analysis). 


Table  11-15.  Analysis  of  Balance 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Occupational 

Category 

liiilSIli: 

‘  1  Abnormal  %  f.*l  / 

>41  : 

hhm 

IlliiSWliil 

AU 

Ranch  Hand 

866 

7(0.8) 

1.44(0.50,4.13) 

0.494 

Comparison 

1,248 

7(0.6) 

Officer 

Ranch  Hand 

340 

5(1.5) 

3.66  (0.71,19.00) 

0.122 

Comparison 

493 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

~ 

0.999a 

Comparison 

186 

1  (0.5) 

Enlisted 

Ranch  Hand 

375 

2  (0.5) 

0.76(0.14,4.16) 

0.749 

Groundcrew 

Comparison 

569 

4  (0.7) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  abnormal  balance. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  balance. 

(b)]MODEL  1: 

Adjusted  Relative  Risk 

AU 

1.38  (0.47,4.03) 

0.553 

Officer 

3.37  (0.64,17.73) 

0.151 

Enlisted  Flyer 

- 

Enlisted  Groundcrew 

0.73  (0.13,4.07) 

0.719 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  balance. 
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Table  11-15.  Analysis  of  Balance  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  160  0(0.0) 

Medium  162  1  (0.6) 

High  157  1  (0.6) 

1.27  (0.48,3.35)  0.638 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


IKii 

R^PH3HANDS  -  INITIAL  DIO^N  -  ADJUSTED  t  1 1 

tmmmffimsm 

Adjusted  Relative  Risk 

'  (95%. GI.)*  : 

476 

1.65  (0.61,4.45) 

0.350 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  Ranch  Hands  with  abnormal  balance. 


(c)  MODEL  3:  RANC1 

H  HANDS  Af 

<D  COMPARISONS  0 

Y  DIOXIN  CATECfOR" 

V  -UNADJUSTED 

.‘3i ^ 

Number  (%) 
Abnormal 

EsL  Relative  Risk 

Dioxin  Category 

n  ■  . 

(95%  Cl.)"1’ 

p-Value 

Comparison 

1,210 

7(0.6) 

Background  RH 

380 

5(1.3) 

2.52  (0.78,8.10) 

0.121 

Low  RH 

239 

1  (0.4) 

0.70  (0.09,5.74) 

0.741 

High  RH 

240 

1  (0.4) 

0.66  (0.08,5.43) 

0.699 

Low  plus  High  RH 

479 

2  (0.4) 

0.68  (0.14,3.31) 

0.633 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  11-15.  Analysis  of  Balance  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

’1  ItVr  If  n  -  'f&M  ; 

Adjusted  Relative  Risk 
■  (95%  C.I.)8 

i  jfl j;  p-Yalue  |||  1  Hill  HI 

Comparison 

1,192 

Background  RH 

375 

2.54  (0.74,8.72) 

0.138 

Low  RH 

235 

0.63  (0.08,5.24) 

0.667 

High  RH 

236 

0.63  (0.07,5.49) 

0.672 

Low  plus  High  RH 

471 

0.63  (0.13,3.11) 

0.567 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


jj§  |||||  Analysis  Results  for  Logj  (1987  Dioxin  +  1) tf§§  jj§ 1 1 1 

1987  Number  (%) 

Dioxin  n  Abnormal 

f§|  f  Estimated 

(95%  C.I.)a  p- Value 

0.88(0.52,1.50)  0.642 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  JVIODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

lilpplplllijilliiilll! 

piplPIllftwIp 

iilsilBIllifciiSIte 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

:  (95%  C.I.)a  ■.'!  p- Value 

846 

0.95  (0.52,1.73)  0.860 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  participants  with  abnormal 
balance. 


11.2.2.2.11  Gag  Reflex 

Because  of  the  absence  of  gag  reflex  abnormalities  among  Ranch  Hands,  statistical  analysis  was  not 
performed.  One  gag  reflex  abnormality  was  present  for  a  non-Black  enlisted  flyer  Comparison. 
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11.2.2.2.12  Speech 

The  Model  2  adjusted  analysis  of  speech  revealed  a  marginally  significant  inverse  association  between 
initial  dioxin  and  speech  (Table  1 1- 16(d):  Adj.  RR=0.19,  p=0.078).  All  other  analysis  results  from 
Models  1  through  4  were  nonsignificant  (Table  1  l-16(a-c,e-h):  p>0.14  for  each  remaining  analysis). 


Table  11-16.  Analysis  of  Speech 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

Number  (%) 
ill!  Abnormal 

I|  Est  Relative  Risk  ft§| 
(95%  CX)  . 

p-Value 

All 

Ranch  Hand 

866 

4(0.5) 

0.57  (0.18,1.84) 

0.334 

Comparison 

1,249 

10  (0.8) 

Officer 

Ranch  Hand 

340 

1  (0.3) 

0.72  (0.07,8.02) 

0.793 

Comparison 

493 

2  (0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

_ 

0.999a 

Comparison 

187 

1  (0.5) 

Enlisted 

Ranch  Hand 

375 

3  (0.8) 

0.65  (0.17,2.52) 

0.531 

Groundcrew 

Comparison 

569 

7(1.2) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormal  speech. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  speech. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  CX) 

!llllli*fiili  

All  0.60(0.18,1.97 )  0.388 

Officer  0.76  (0.07,8.59)  0.828 

Enlisted  Flyer 


Enlisted  Groundcrew _ 0.66  (0.16,2.63) _ 0.551 


— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  speech. 


(c)  MQPEL  2;  RANCH  HANDS  -INITIAL;  frlOXIff  4  UNADJUSTED 


! Illlflli  |  Initial  Dioxin  Category  Summary  Statistics 

1 1'  4  Analysis  Results  for  Log2  (Initial  Dioxin)3  1  ^  } 

P  Estimated  Relative  Risk  1'^  ’  VI  5 1 

j;Vj\  Dioxin  ■■  } , 

n  ■  ■ 

.'•>5':;  C.I.V  :  p-Valiie 

Low 

160 

2(1.3) 

0.29(0.03,2.42)  0.143 

Medium 

162 

0(0.0) 

High 

157 

0  (0.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-16 .  Analysis  of  Speech  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

!?  1:  lit  1 :t  f®  Adjusted  Relative  Risk  $  '  -  <  \ 

■  (95%  CI.)a  -■  ' 

p-Value 

476 

0.19  (0.02,2.32) 

0.078 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with 
abnormal  speech. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - UNADJUSTED 


Number  (%) 

Est.  Relative  Risk  |||tj| 

:  (95%  C.I.)ab 

Ig#  p-Value 

Comparison 

1,211 

9  (0.7) 

Background  RH 

380 

2  (0.5) 

0.81  (0.17,3.83) 

0.793 

Low  RH 

239 

2  (0.8) 

1.07  (0.23,5.02) 

0.929 

High  RH 

240 

0  (0.0) 

— 

0.374c 

Low  plus  High  RH 

479 

— 

0.678° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormal  speech. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  speech. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEIi  3:  RANCH  HA NDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY--  ADJUSTED 

Sill  Dioxin  Category  f  §  |  ;j§ 

■  n  .  (95%  C.I.)8  p-Value 

Comparison 

1,193 

Background  RH 

375 

1.09  (0.22,5.46) 

0.919 

Low  RH 

235 

1.38  (0.28,6.71) 

0.688 

High  RH 

236 

— 

Low  plus  High  RH 

471 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-16.  Analysis  of  Speech  (Continued) 


(fi)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin +  1) 

1987  Number  (%) 

liliilll  li  Abnormal  11® 

(95%C.I.)a  p-Value 

E  ■  WM  ■■  I 

rnnH 

0.77(0.37,1.59)  0.462 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

_  n  _  (95%  C,I.)a  _ p- Value _ 

_ 853 _ 0.73  (0.36,1.47) _ 0.370 _ 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with 
abnormal  speech. 


1  L2.2.2. 13  Tongue  Position  Relative  to  Midline 

Each  result  obtained  from  the  Model  1  through  4  analyses  of  tongue  position  relative  to  midline  was 
nonsignificant  (Table  1  l-17(a-h):  p>0.32  for  each  analysis). 


Table  11-17.  Analysis  of  Tongue  Position  Relative  to  Midline 


(a)  MODEL  A:  RANCH  HANDS  VS,  COMPARISONS  -  UNADJUSTED 


iilliiiMiiil 

liillSISisii 

Number  (%) 
Deviated 

if  j|f!  p-Value  ii  j 

All 

Ranch  Hand 

866 

2  (0.2) 

— 

0.327a 

Comparison 

1,249 

0  (0.0) 

Officer 

Ranch  Hand 

340 

2  (0.6) 

— 

0.325a 

Comparison 

493 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

— 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

0  (0.0) 

— 

— 

Groundcrew 

Comparison 

569 

0  (0.0) 

aP- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  deviated  tongue  position  relative  to  midline. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  tongue  position  relative  to 
midline. 
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Table  11-17.  Analysis  of  Tongue  Position  Relative  to  Midline  (Continued) 

(b)  MODEL  1; -RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  C.I.)  p-Value 

AU  '  ^  . 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 


— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  tongue  position  relative  to 
midline. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

HI#  Analysis  Results  for  Log2  (Initial  Dioxin)8  f  |  ||: 

Estimated  Relative  Risk 

* '  1§  (95%  CX)b  ISKiBil!  P" Value  |  | 

Low  160  0  (0.0) 

Medium  162  1  (0.6) 

High  157  0(0.0) 

0.59  (0.09,3.87)  0.539 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


id.  MODEL  2:  RANT  II  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

n  .  AHJ  "  (95%  CX)“  ^ 

476  0.59  (0.08,4.24) 

0.562 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  deviated  tongue  position 
relative  to  midline. 
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Table  11-17.  Analysis  of  Tongue  Position  Relative  to  Midline  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS 

BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category  n 

Number  (%) 
Deviated 

Est.  Relative  Risk 

(95%  C.I.)ab  :  p- Value 

Comparison 

1,211 

0  (0.0) 

Background  RH 

380 

1  (0.3) 

— 

0.540° 

Low  RH 

239 

1  (0.4) 

— 

0.366c 

High  RH 

240 

0  (0.0) 

— 

— 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.63  lc 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  deviated  tongue  position  relative  to  midline. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  tongue  position  relative  to 
midline. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

1 

Adjusted  Relative  Risk 

(95%  C.I.)  p-Value 

Comparison 


Background  RH 
Low  RH 
High  RH 

Low  plus  High  RH _ -- _ -- _ -- _ 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  tongue  position  relative  to 
midline. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  M(ODEL4j  RA^qH  HANDS  -  AD JUSTED,  §J1||  1  1 1 1 U  1 H  1 1 1 

§  Iff  19817  Dlq^ia.Catfegory  Summary  Statistics :! 

f$ ( j  1 1 |?8|j|  i |  Number  (%) 

fg§8; 

Low  287  0  (0.0) 

Medium  287  2  (0.7) 

High  285  0  (0.0) 

0.92  (0.35,2.44)  0.864 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  11-17.  Analysis  of  Tongue  Position  Relative  to  Midline  (Continued) 


•.(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

iill 3| m  1  Adjusted  Relative  Risk  I j| 

(95%  CX)a 


p-Value 


853 


1.02  (0.34,3.08) 


0.969 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  Ranch  Hands  with  a  deviated  tongue  position  relative  to  midline. 


11.2.2.2. 14  Palate  and  Uvula  Movement 

Each  result  obtained  from  the  Model  1  through  4  analyses  of  the  palate  and  uvula  movement  was 
nonsignificant  (Table  1  l-18(a-h):  p>0.36  for  each  analysis). 


Table  11-18.  Analysis  of  Palate  and  Uvula  Movement 


J  (a);MpDEL:^: 

?  Occupational 

•  |fj  J 

^^tjDeviated  Hjjgj 

Est  Relative  Risk  : 
<95%  CX) 

p-Value 

All 

Ranch  Hand 

866 

1  (0.1) 

— 

0.85 f 

Comparison 

1,249 

0(0.0) 

Officer 

Ranch  Hand 

340 

1  (0.3) 

__ 

0.852a 

Comparison 

493 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

— 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

0  (0.0) 

— 

- 

Groundcrew 

Comparison 

569 

0  (0.0) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  deviated  palate  and  uvula  movement. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  palate  and  uvula  movement. 


Occupational  Category  .  .  .  .  (95%  CX)  p- Value 

All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 


— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  palate  and  uvula  movement. 


11-59 


Table  11-18.  Analysis  of  Palate  and  Uvula  Movement  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  ■  ^  Number- (%)  ‘-.''j 

Dioxin  '  n  ''Mpeyiatedr  g 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  160  0  (0.0) 

Medium  162  1  (0.6) 

High  157  0  (0.0) 

0.59  (0.09,3.87)  0.539 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

_ ___? _ _ : _ p-^lue _ 

_ £76 _ 0.59  (0.08,4.24) _ 0.562 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  deviated  palate  and 
uvula  movement. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  rW^Jf  ST^ 


Dioxin  Category 

n 

|  $  1  Deviated 

Est  Relative  Risk 
lafl  (95%  CX) 

HiSIRiHB 

Comparison 

1,211 

Background  RH 

380 

— 

_ 

Low  RH 

239 

— 

0.366a 

High  RH 

240 

— 

~ 

Low  plus  High  RH 

479 

1  (0.2) 

~ 

0.63  la 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  deviated  palate  and  uvula  movement. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  palate  and  uvula  movement. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-18 .  Analysis  of  Palate  and  Uvula  Movement  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

llUll [ £)ipxin: Category 

Adjusted  Relative  Risk 

n  (95  %  C.I.)  p-Value 

Comparison 

- 

Background  RH 

Low  RH 

High  RH 

Low  plus  High  RH 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  deviated  palate  and  uvula  movement. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <:  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Number  (%) 

Estimated  Relative  Risk 

Dioxin 

71;  iM  n 

Deviated" 

(95%  C.I.)’  p-Value  ■ 

Low 

287 

1.13(0.31,4.05)  0.857 

Medium 

287 

1  (0.4) 

High 

285 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MOm&M  PiWiiiil  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

ffjff  -pfHI '%  ■  ■ $^k|i|e#$isk '  $ #f||: 
[:t|4S  (95%  C.I.)8  : 


prValue 


853 


1.19(0.32,4.46) 


0.800 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  degreasing 
chemicals  exposure,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  deviated  palate  and 
uvula  movement. 


11.2.2,2.15  Cranial  Nerve  Index 

All  results  from  the  analyses  of  cranial  nerve  index  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-19(a-h):  p>0. 1 1  for  each  analysis). 
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Table  11-19.  Analysis  of  Cranial  Nerve  Index 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


iBiiiiiiiiisii 

Group 

ISiSSSSKfi 

Number  (%) 
Abnormal 

Est  Relative  Risk 

:§fSJi  <9s%;  ei.)  |lgt|f 

p-Value 

AU 

Ranch  Hand 

850 

56(6.6) 

1.15  (0.80,1.65) 

0.452 

Comparison 

1,245 

72  (5.8) 

Officer 

Ranch  Hand 

329 

17  (5.2) 

0.98  (0.52,1.83) 

0.941 

Comparison 

492 

26  (5.3) 

Enlisted  Flyer 

Ranch  Hand 

151 

13  (8.6) 

1.66  (0.71,3.89) 

0.246 

Comparison 

186 

10  (5.4) 

Enlisted 

Ranch  Hand 

370 

26  (7.0) 

1.11  (0.66,1.88) 

0.683 

Groundcrew 

Comparison 

567 

36  (6.4) 

(b)  MODEL  1:  RANCH  HANDS  VS  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 

p-Value 

All 

1.01  (0.69,1.48) 

0.940 

Officer 

0.88  (0.46,1.68) 

0.694 

Enlisted  Flyer 

1.23  (0.49,3.08) 

0.656 

Enlisted  Groundcrew 

1.05(0.61,1.80) 

0.856 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

Ilf 

tial  Dioxin  Category  Summary  Statistics  v|a  4,1 

f®|  AnalysisResuItsfor  Log2  (InitialDioxiil)8 

IlSSiftllSS 

'M 

Number  (%) 

'  .Abnormal’- ^!; 

'  (95%  C.I.)b  p-Value 

Low  157  13  (8.3) 

Medium  162  9  (5.6) 

High  153  8  (5.2) 

0.86(0.63,1.17)  0.331 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d) MODEL  2:  RANCH  HANDS-  INITIAL  DIOXM  - ADJUSTED 

|  jj J K j| 7  JJ|||j  f|  |  fj H  H | J|l |  A^ysis'^esulftor<Lbg2'!  (Initial  Dioxin)  | §§J| 

464  0.75  (0.53,1.08) 

0.110 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  11-19.  Analysis  of  Cranial  Nerve  Index  (Continued) 


<e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

•  s  '-yk^.S '  • '  ]  ll’  •'  &  ■?  . ; 

■  i?  .  '  ■■■'  ■  i(  ■ 

Hill  jWoxth  .Category !  §®|j 

n 

|;fJ|pNumfefer  $0):  | ill  | 

Abnormal 

;  1  '(95  "  V;  J 

p-Value 

Comparison 

1,207 

68  (5.6) 

Background  RH 

371 

25  (6.7) 

1.27  (0.79,2.05) 

0.329 

Low  RH 

236 

19(8.1) 

1.45  (0.86,2.47) 

High  RH 

236 

H  (4.7) 

0.78  (0.41,1.51) 

Low  plus  High  RH 

472 

30  (6.4) 

1.07(0.68,1.69) 

0.776 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  H  ANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  j- 

ADJUSTED  gggf  |g 

lilllllnlillg 

Adjusted  Relative  Risk 
(95%  C.I.)a  t 

JL-ip-yaiue  j  |l|U||||iI 

Comparison 

1,189 

Background  RH 

366 

1.20  (0.72,2.02) 

0.484 

Low  RH 

232 

1.29  (0.74,2.24) 

0.369 

High  RH 

232 

0.60  (0.30,1.22) 

0.158 

Low  plus  High  RH 

464 

0.88(0.54,1.43) 

0.604 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  198J  DIOXIN -  UNADJUSTED 

1  lii 1 987  Dioxin  Category  Summary  Statistics  §fgf| 

jj§f| m  Analysis  Results  Cor  Log2  (1$87  Dioxin  + |§§J |  jj  J{ 

K§1  i 

*  -  Dioxin  %  %y\^- |  ^  Abnormal  B  , 

0.93  (0.77,1.13)  0.462 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  11-19.  Analysis  of  Cranial  Nerve  Index  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN- ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  \  (95%CX)a  p-Value 

830 _ 0.88(0.71,1.10) _ 0.254 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


1 1.2.2. 3  Physical  Examination  Variables  -  Musculoskeletal  and  Vertebral  Column  Function 
1 1. 2.2.3. 1  Neck  Range  of  Motion 

From  the  Model  1  unadjusted  and  adjusted  analyses  of  neck  range  of  motion,  differences  between  Ranch 
Hands  and  Comparisons  were  significant  across  all  occupations  and  within  enlisted  flyers  (Table 
ll-20(a,b):  Est.  RR=1.33,  p=0.016,  Adj.  RR=1.35,  p=0.015,  respectively,  for  all  occupations  combined; 
Est.  RR=2.03,  p=0.009;  Adj.  RR=1.97,  p=0.016,  respectively,  for  enlisted  flyers).  Both  contrasts  showed 
more  Ranch  Hands  than  Comparisons  with  a  restricted  neck  range  of  motion.  All  other  Model  1 
contrasts  were  nonsignificant  (Table  1  l-20(a,b):  p>0.12  for  each  remaining  contrast). 


Table  11-20.  Analysis  of  Neck  Range  of  Motion 

(a)^CH)EI<T: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

•  ’•  Occupational  *'! 

illlSMIil  IS# 

Number  (%) 
Abnormal 

Est  Relative Risk  !6| 
(95%  CX)  :  ' 

AU 

Ranch  Hand 

866 

165  (19.1) 

1.33  (1.06,1.67) 

0.016 

Comparison 

1,249 

188(15.1) 

Officer 

Ranch  Hand 

340 

70  (20.6) 

1.32  (0.92,1.88) 

0.126 

Comparison 

493 

81  (16.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

41  (27.2) 

2.03(1.19,3.46) 

0.009 

Comparison 

187 

29  (15.5) 

Enlisted 

Ranch  Hand 

375 

54  (14.4) 

1.06  (0.73,1.54) 

0.764 

Groundcrew 

Comparison 

569 

78(13.7) 

(b)  MODEL  1: 

RANCH  HANDS  VS:  COMJPA^ISQNS  -  ADJUSTED  if  |  §§§  ||  g§  1 1 

p-Valhe J  !  " 

All 

1.35(1.06,1.72) 

0.015 

Officer 

1.31  (0.90,1.89) 

0.153 

Enlisted  Flyer 

1.97(1.13,3.42) 

Enlisted  Groundcrew 

1.16(0.78,1.71) 

0.466 
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Table  11-20.  Analysis  of  Neck  Range  of  Motion  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

< ' ; !  yj: ;  1  Categoj^  Summary  Statistics;  I  >  '  \ 

Analysis  Results  for  Log2  (Initial  Dioxin)* 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  160  38  (23.8) 

Medium  162  39(24.1) 

High  157  26  (16.6) 

0.85  (0.72,1.02)  0.069 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

_ £71 _ 0.91  (0.74,1.13) _ 0.411 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTJEE*  §!  1 1 

Dioxin  Category 

fStM  \  \i'i 

Of  Esk  Relative  Risk  1|  Jf 
(95%  C.I.)ab  : 

Comparison 

1,211 

180(14.9) 

Background  RH 

380 

60(15.8) 

1.16(0.84,1.60) 

0.366 

Low  RH 

239 

56  (23.4) 

1.73  (1.23,2.43) 

0.002 

High  RH 

240 

47  (19.6) 

1.31  (0.91,1.87) 

0.142 

Low  plus  High  RH 

479 

103  (21.5) 

1.50(1.15,1.97) 

0.003 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  11-20.  Analysis  of  Neck  Range  of  Motion  (Continued) 


(f)  MQpESL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

n 

j  4  Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Vaiue 

Comparison 

1,193 

Background  RH 

375 

1.12(0.80,1.57) 

0.523 

Low  RH 

235 

1.60(1.12,2.29) 

0.010 

High  RH 

236 

1.55  (1.05,2.29) 

0.028 

Low  plus  High  RH 

471 

1.57  (1.18,2.11) 

0.002 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  model  4:  RANCH  HANDS  -  1987  DIOS3N- UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  287  48  (16.7) 

Medium  287  60  (20.9) 

High  285  55  (19.3) 

1.03(0.92,1.15)  0.632 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(li)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

n  : .  (95%  CX)a 

p-Value 

846  1.09(0.94,1.26) 

0.267 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  displayed  a  marginally  significant  inverse  association  between  neck 
range  of  motion  and  initial  dioxin  (Table  1  l-20(c):  Est.  RR=0.85,  p=0.069).  After  adjustment  for 
co variates,  the  association  was  nonsignificant  (Table  1 1 -20(d):  p=0.41 1). 

Both  the  unadjusted  and  adjusted  Model  3  analyses  of  neck  range  of  motion  displayed  a  significant 
difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  ll-20(e,f): 

Est.  RR=1.73,  p=0.002  and  Adj.  RR=1.60,  p=0.010)  and  between  Ranch  Hands  in  the  low  plus  high 
dioxin  category  and  Comparisons  (Table  1  l-20(e,f):  Est.  RR=1.50,  p=0.003  and  Adj.  RR=1.57, 
p=0.002).  In  addition,  the  adjusted  contrast  between  Ranch  Hands  in  the  high  category  and  Comparisons 
was  significant  (Table  1  l-20(f):  Adj.  RR=1.55,  p=0.028).  All  significant  contrasts  showed  more  Ranch 
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Hands  than  Comparisons  with  neck  range  of  motion  abnormalities.  Other  Model  3  contrasts,  as  well  as 
the  Model  4  analyses  of  neck  range  of  motion,  were  nonsignificant  (Table  1  l-20(e-h):  p>0. 14  for  each 
remaining  analysis). 


11.2.2.4  Physical  Examination  Variables  -  Peripheral  Nerve  Status 
11.2.2.4.1  Pinprick 

A  marginally  significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons 
was  found  in  the  Model  3  unadjusted  analysis  of  pinprick,  showing  more  Ranch  Hands  than  Comparisons 
with  a  pinprick  abnormality  (Table  ll-21(e):  Est.  RR=1.64,  p=0.062).  After  adjustment  for  covariates, 
the  difference  was  nonsignificant  (Table  ll-21(f):  p=0.126).  All  other  analysis  results  from  Models  1 
through  4  for  pinprick  were  nonsignificant  (Table  1  l-21(a-h):  p>0.1 1  for  each  remaining  analysis). 


Table  11-21.  Analysis  of  Pinprick 


(a)  MQDEI/#  lR^feH  aANDS  VS.  COMPARISONS  -  UNADJUSTED 


Group 

mmmi 

|  Number  (%) 

■  !i  Abnormal  |  f  j 

<<  Est  Relative  Risk 
(95%  C.I.)  : 

liilligiliill 

All 

Ranch  Hand 

822 

57  (6.9) 

1.24(0.86,1.79) 

0.244 

Comparison 

1,185 

67  (5.7) 

Officer 

Ranch  Hand 

322 

20  (6.2) 

1.35  (0.72,2.51) 

0.350 

Comparison 

469 

22  (4.7) 

Enlisted  Flyer 

Ranch  Hand 

145 

19(13.1) 

1.81  (0.87,3.75) 

0.110 

Comparison 

182 

14  (7.7) 

Enlisted 

Ranch  Hand 

355 

18  (5.1) 

0.87  (0.48,1.57) 

0.638 

Groundcrew 

Comparison 

534 

31  (5.8) 

J§1  MODEL!:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

H  ",  Adjusted  Relative  Risk  "  f  \ 

(95%  C.I.) 

>  ”  ^  y  ^  J’1  }  r 

All 

1.19  (0.81,1.76) 

0.368 

Officer 

1.28  (0.67,2.43) 

0.451 

Enlisted  Flyer 

1.81  (0.84,3.89) 

0.131 

Enlisted  Groundcrew 

0.85  (0.45,1.60) 

0.618 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

||  |  Analysis  Results  for  Log2  (initial  Dibxin)®  ||  | 

|  *  Initial  !  1  '  Number  (%) 

Dioxin  n  Abnormal 

‘  l-)50  C.I..1'  p- Value 

Low  152  11(7.2) 

Medium  151  13(8.6) 

High  150  12  (8.0) 

1.10(0.86,1.41)  0.460 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-21.  Analysis  of  Pinprick  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  IJog2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%  C.I.)a 

j Hill ' ;  •  p- Value §  g||{  ^  |||| j: j||- 1|| J 

445 

1.29  (0.92,1.81) 

0.134 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


ANO;'GOMPARISONS  BY  DIOXIN  CATEGORY- 

ls!T;v;£ 

Number  (%)  Est  Relative  Risk 

Abnormal  (95%  C.I.)ab 

jf’;j  p-Value 

Comparison 

1,149 

63  (5.5) 

Background  RH 

362 

19(5.3)  1.03(0.61,1.76) 

0.900 

Low  RH 

226 

15(6.6)  1.20(0.67,2.15) 

0.542 

High  RH 

227 

21  (9.3)  1.64(0.98,2.76) 

0.062 

Low  plus  High  RH 

453 

36(8.0)  1.40(0.91,2.16) 

0.123 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

G.i.)® 

>  fS  is ;« 

ggl  Dioxin  Category  jfj§ 

ggg|g|L  n 

r##ywi5issjC'3i; 

Comparison 

1,132 

Background  RH 

357 

1.11  (0.63,1.95) 

0.716 

Low  RH 

222 

0.95(0.51,1.77) 

0.868 

High  RH 

223 

1.55  (0.88,2.73) 

0.126 

Low  plus  High  RH 

445 

1.21  (0.77,1.93) 

0.410 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


11-68 


Table  11-21.  Analysis  of  Pinprick  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log*  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

ES  IS  1 

ES'f  £  ISIS 

1.15  (0.96,1.37)  0.137 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

!;  Dioxin  +  1)  :-|  |l|||l|il|| 

Adjusted  Relative  Risk 

.  :  n  -V  :  -  (95%  C.I.)a  .  :  '  ,  .  p-Value 

_ 802 _ 1.12(0.88,1.42) _ 0,345 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.4.2  Light  Touch 

All  results  from  the  analyses  of  light  touch  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-22(a-h):  p>0.16  for  each  analysis). 


Table  11-22.  Analysis  of  Light  Touch 


(a)  MODEL  1: ! 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  H  U  ? 

Occupational 

Category 

Group 

Number  (%)  : 

J  |!|  Abnormal  | '  f  | 

&  Est  Relative  Risk 

lillilliliPIli 

All 

Ranch  Hand 

822 

38(4.6) 

1.23  (0.79,1.91) 

0.363 

Comparison 

1,185 

45  (3.8) 

Officer 

Ranch  Hand 

322 

15  (4.7) 

1.71  (0.80,3.65) 

0.163 

Comparison 

469 

13  (2.8) 

Enlisted  Flyer 

Ranch  Hand 

145 

12  (8.3) 

1.55  (0.65,3.70) 

0.322 

Comparison 

182 

10(5.5) 

Enlisted 

Ranch  Hand 

355 

11(3.1) 

0.74  (0.36,1.55) 

0.432 

Groundcrew 

Comparison 

534 

22  (4.1) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS-  ADJUSTED 

iilgl  Occupational  Category  |H||| 

liBfttMSMWiKlllilllllllilli 

All 

1.13  (0.71,1.81) 

0.597 

Officer 

1.67  (0.77,3.61) 

0.193 

Enlisted  Flyer 

1.40  (0.56,3.50) 

0.470 

Enlisted  Groundcrew 

0.67(0.31,1.47) 

0.321 
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Table  11-22.  Analysis  of  Light  Touch  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics _ ||;>  ;  Analysis  Results  for  Log2  (Initial  Dioxin)? 


lillfiiiiilll 

til  |  g-f  jft4  jLf 

*  |  if  |  Abnormal 

Estimated  Relative  Risk 
(95%  C.I.)b 

p-Value 

Low 

152 

0.92(0.66,1.28) 

0.616 

Medium 

151 

EE  -•  •  1 

High 

150 

7  (4.7) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

I^NCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED  f|  gg 

Analysis  Results  for  Log2  (Initial  Dioxin) 

:  (95%  C.I.)a 

p-Value 

445 

1.01  (0.65,1.59) 

0.956 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(c)  MODEL RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  LN  ADJUSTED 

i  >1' if 

Wit; £  %  % 

ill 

•$ it  ■  E^^Seladfe' IRisk  xlnti 

ililllllllfiiili 

.  «  ■ 

Abnormal 

(95%  C.I.)‘I> 

iillliiglgiiiii 

Comparison 

1,149 

43  (3.7) 

Background  RH 

362 

13  (3.6) 

1.01  (0.54,1.92) 

0.965 

Low  RH 

226 

12  (5.3) 

1.42  (0.74,2.74) 

High  RH 

227 

11  (4.9) 

1.25  (0.63,2.46) 

Low  plus  High  RH 

453 

23  (5.1) 

1.33  (0.79,2.24) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-22.  Analysis  of  Light  Touch  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-ADJUSTED 

_  ji 

Adjusted  Relative  Risk 
(95%  C.I.)a 

II  |I  p-Yalue  \ jf|  f.  ||] 

Comparison 

1,132 

Background  RH 

357 

1.07(0.54,2.10) 

0.852 

Low  RH 

222 

1.12(0.55,2.27) 

0.751 

High  RH 

223 

1.09  (0.53,2.26) 

0.808 

Low  plus  High  RH 

445 

1.11  (0.64,1.93) 

0.718 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN 

-unadjusted  §§ lllSiliiilil  1  IHlBUiSl! 

jr  ^  t  *'  i  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  J !|y  f 

Dioxin  n  Abnormal 

(95%  C.I.)a  1  p-Value  : 

Low  272  1 1  (4.0) 

Medium  275  12(4.4) 

High  268  13  (4.9) 

1.02(0.81,1.28)  0.865 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(tt)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

'  Adjusted  Relative  Risk  flip 


p-Value 


802 


1.01  (0.75,1.36) 


0.940 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.4.3  Muscle  Status 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  muscle  status  displayed  a  marginally  significant 
difference  between  Ranch  Hands  and  Comparisons  (Table  1  l-23(a,b):  Est.  RR=1.54,  p=0.064  and 
Adj.  RR=1.50,  p=0.094).  The  contrast  of  Ranch  Hand  and  Comparison  enlisted  groundcrew  revealed  a 
marginally  significant  result  in  the  unadjusted  analysis  and  a  significant  result  in  the  adjusted  analysis 
(Table  1  l-23(a,b):  Est.  RR=2.06,  p=0.062  and  Adj.  RR=2.24,  p=0.046).  Both  contrasts  showed  more 
Ranch  Hands  than  Comparisons  with  a  muscle  status  abnormality.  All  other  Model  1  contrasts,  as  well 
as  the  Model  2  analysis  of  muscle  status,  were  nonsignificant  (Table  1  l-23(a-d):  p>0.23  for  each 
remaining  Model  1  contrast  and  each  Model  2  analysis). 
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Table  11-23.  Analysis  of  Muscle  Status 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

mmmsm 

.Number  (%)’<:  ^  ,1 
Abnormal:  i  :  |§ff  1 

Est,  Relative  Risk 
(95%  C.I.)  ;  : 

p-Value 

AU 

Ranch  Hand 

866 

39  (4.5) 

1.54(0.98,2.44) 

0.064 

Comparison 

1,248 

37(3.0) 

Officer 

Ranch  Hand 

340 

13  (3.8) 

1.05  (0.51,2.17) 

0.897 

Comparison 

493 

18(3.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

10(6.6) 

1.82  (0.68,4.91) 

0.235 

Comparison 

187 

7  (3.7) 

Enlisted 

Ranch  Hand 

375 

16(4.3) 

2.06  (0.97,4.42) 

0.062 

Groundcrew 

Comparison 

568 

12(2.1) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

; Adjusted  Relative  Risk : : 

iilRHI 

iiiaiiiiMi 

■J  u  IPIf  Hi  mill 

All 

1.50  ( 0.93,2.40 ) 

0.094 

Officer 

0.98  (0.47,2.05) 

0.960 

Enlisted  Flyer 

1.72  (0.63,4.70) 

0.289 

Enlisted  Groundcrew 

2.24(1.01,4.93) 

0.046 

(c)  MODEL  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Result!  for  bog2  (Initial  Dioxin)* 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

0.87  (0.62,1.23)  0.418 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


*  (d>MODEL  2:  RANCH  HANDS  “}INiy^l|DIOXtN  -  ADJUSTED  p\  , 

HIBliillilliliBiSlill 

p§|gj|||g^m! 

n  :  :  ;■  ■■  ■  (95%  C.I.)a 

471  0.95(0.64,1.41) 

0.792 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


11-72 


Table  11-23.  Analysis  of  Muscle  Status  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Number  (%) 
Abnormal 

Esk  Relative  Risk 
(95  %  C.I.)ab 

p-Value 

Comparison 

1,210 

35  (2.9) 

Background  RH 

380 

14  (3.7) 

1.23  (0.65,2.31) 

0.530 

Low  RH 

239 

14  (5.9) 

2.11  (1.12,3.99) 

0.021 

High  RH 

240 

10  (4.2) 

1.52  (0.74,3.12) 

0.254 

Low  plus  High  RH 

479 

24  (5.0) 

1.79(1.05,3.06) 

0.033 

a-  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

SS-ll  ft  Kjfei  -I-;! 

^p^.!;A^tJuste^Relative  Risk:  /  *  1  }  ^  > 

(95%  CX)a  . 

ililipii  ;||!iilii3 

Comparison 

1,192 

Background  RH 

375 

1.22  (0.63,2.35) 

0.550 

Low  RH 

235 

1.90  (0.98,3.66) 

0.056 

High  RH 

236 

1.58  (0.73,3.39) 

0.242 

Low  plus  High  RH 

471 

1.73  (0.99,3.04) 

0.056 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

jpjiji  1  ?f^h?dysis  Results  forLog2  (1987  Dioxin  +  l)f  If  | 

;  1987  ■ '  Number  <  %)  :v 

;  r  Dioxin  f||jf  xvja  1  1 1  jiAbuorirfal  [:  "  : 

Estimated  Relative  Risk 

1  1 1  •:  "T  i  ,  \ 

E5  ' 

1.02(0.82,1.27)  0.863 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  11-23.  Analysis  of  Muscle  Status  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

(95%  C.I.)a  p- Value 

846 _ 0.98  (0.76,1.27) _ 0.897 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  3  unadjusted  analysis  revealed  significantly  more  Ranch  Hands  in  the  low  dioxin  category 
with  an  abnormal  muscle  status  than  Comparisons  (Table  1 1 -23(e):  Est.  RR=2.11,  p=0.021). 
Significantly  more  Ranch  Hands  in  the  low  plus  high  dioxin  category  than  Comparisons  also  had  an 
abnormal  muscle  status  (Table  ll-23(e):  Est.  RR=1.79,  p=0.033).  Both  contrasts  were  marginally 
significant  in  the  adjusted  analysis  (Table  ll-23(f):  Adj.  RR=1.90,  p=0.056  for  the  low  dioxin  category 
contrast;  and  Adj.  RR=1.73,  p=0.056  for  the  low  plus  high  dioxin  category  contrast).  All  other  Model  3 
contrasts,  as  well  as  the  Model  4  analysis  results,  were  nonsignificant  (Table  1  l-23(e-h):  p>0.24  for 
each  remaining  analysis). 

11.2.2.4.4  Patellar  Reflex 

The  Model  1  analysis  of  the  patellar  reflex  revealed  a  marginally  significant  difference  between  Ranch 
Hands  and  Comparison  enlisted  flyers  in  both  the  unadjusted  and  adjusted  analyses  (Table  ll-24(a,b): 
Est.  RR=0.17,  p=0.100  and  Adj.  RR=0.16,  p=0.089).  The  prevalence  of  a  patellar  reflex  abnormality 
was  higher  among  Comparisons  than  Ranch  Hands.  All  other  Model  1  contrasts  were  nonsignificant 
(Table  1  l-24(a,b):  p>0.40  for  each  remaining  Model  1  contrast). 


Table  11-24.  Analysis  of  Patellar  Reflex 


{fojMODffL  l^&ANCH  HANDS  VS*  COMPARISONS  -  UNADJUSTED 


Group 

||j  Number  (#?) 
Abnormal 

Est  Relative  Risk  ’ff 
:(95%.  C.I.) 

p-Value 

All 

Ranch  Hand 

865 

24(2.8 ) 

0.99  (0.58,1.67) 

0.962 

Comparison 

1,246 

35  (2.8) 

Officer 

Ranch  Hand 

340 

12  (3.5) 

1.09  (0.51,2.34) 

0.823 

Comparison 

493 

16  (3.3) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

0.17  (0.02,1.40) 

0.100 

Comparison 

186 

7  (3.8) 

Enlisted 

Ranch  Hand 

374 

11  (2.9) 

1.40  (0.61,3.21) 

0.425 

Groundcrew 

Comparison 

567 

12(2.1) 
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Table  11-24.  Analysis  of  Patellar  Reflex  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

llllf  AdjustedRelative  Risk 
(95%  C.I.) 

p-Value 

All 

0.97(0.56,1.67) 

0.910 

Officer 

1.05  (0.48,2.29) 

0.901 

Enlisted  Flyer 

0.16(0.02,1.32) 

0.089 

Enlisted  Groundcrew 

1.43  (0.61,3.34) 

0.408 

(c):  MODEL  &  |H|Vl>ipS  -POTlAfeMOXlDN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

1 1  Analysis  Results  for  Log2  (Initial  Dioxin)*  jjj §j||g 

liSliiSlililiiiilll 

Number  (%) 

Estimated  Relative  Risk 

Abnormal 

(95%  C.I.)b  p-Value 

Low 

159 

1.18(0.82,1.71)  0.374 

Medium 

162 

High 

157 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >15.2  ppt. 


y®  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN  -ADJUSTED 

*v'«v  •!  f  jf 

Analysis  Results  for  Log2  (Initia 

n  v  (95%  C.I.) 

Dioxin) 

; =y  ■$'' :  iiillt iliilljilli! 

470  1.81  (1.10,2.99) 

0.019 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

- 

(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Number  (%) 

Dioxin  Category  n  Abnormal 

Est  Relative  Risk 

Comparison 

1,209 

33  (2.7) 

Background  RH 

380 

9  (2.4) 

0.91  (0.43,1.93) 

0.812 

Low  RH 

238 

7  (2.9) 

1.06  (0.46,2.44) 

0.882 

High  RH 

240 

8  (3.3) 

1.17(0.53,2.58) 

0.693 

Low  plus  High  RH 

478 

15  (3.1) 

1.12(0.60,2.08) 

0.727 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-24.  Analysis  of  Patellar  Reflex  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

•iSi 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value 

Comparison 

1,191 

Background  RH 

375 

0.88  (0.40,1.91) 

0.742 

Low  RH 

234 

0.86  (0.37,2.02) 

0.737 

High  RH 

236 

1.39  (0.60,3.26) 

0.446 

Low  plus  High  RH 

470 

1.10(0.57,2.10) 

0.778 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

.  1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low 

287 

1.08  (0.83,1.42) 

0.568 

Medium 

286 

High 

285 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODKI-  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

"  n  .  (95%  C.I.)a 

!  ?  t ‘  r  T  IV, 

845  1.15  (0.80,1.64) 

0.447 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

The  unadjusted  Model  2  analysis  of  patellar  reflex  was  nonsignificant  (Table  ll-24(c):  p=0.374).  After 
adjustment  for  covariates,  a  significant  positive  association  between  patellar  reflex  and  initial  dioxin  was 
revealed  (Table  ll-24(d):  Adj.  RR=1.81,  p-0.019).  As  initial  dioxin  increased  in  Ranch  Hands,  the 
prevalence  of  an  abnormal  patellar  reflex  increased. 

All  results  from  the  analyses  of  patellar  reflex  from  Models  3  and  4  were  nonsignificant  (Table 
1  l-24(e-h):  p>0.44  for  each  Model  3  and  4  analysis). 
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11.2.2.4.5  Achilles  Reflex 

The  Model  2  adjusted  analysis  revealed  a  marginally  significant  association  between  an  abnormal 
Achilles  reflex  and  initial  dioxin  (Table  1 1-25  (d):  Adj.  RR=1.22,  p=0.075).  The  marginally  significant 
result  indicates  that  Achilles  reflex  abnormalities  increased  in  Ranch  Hands  as  the  initial  dioxin  levels 
increased.  All  other  analysis  results  for  Achilles  reflex  from  Models  1  through  4  were  nonsignificant 
(Table  ll-25(a-h):  p>0.15  for  each  analysis). 


Table  1 1-25.  Analysis  of  Achilles  Reflex 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

IlMpppiR! 

HifiPiiiillll 

Number  (%) 

|i jf  |f|| 

,  Est  Relative  Risk  J|§1 
:  (95%  C.I.) 

*  p-Va}ufc  \  ' 

AU 

Ranch  Hand 

865 

153  (17.7) 

1.10  (0.88,1.39) 

0.410 

Comparison 

1,244 

203  (16.3) 

Officer 

Ranch  Hand 

340 

61  (19.7) 

1.22  (0.86,1.75) 

0.267 

Comparison 

491 

82  (16.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

30(19.9) 

1.00  (0.58,1.71) 

0.995 

Comparison 

186 

37  (19.9) 

Enlisted 

Ranch  Hand 

374 

56  (15.0) 

1.01  (0.70,1.46) 

0.947 

Groundcrew 

Comparison 

567 

84(14.8) 

(b)  MODEL  T:  COMPARISONS 

-ADJUSTED 

Adjusted  Rela 

iiiiiiiiii 

j;w 

All 

1.07  (0.84,1.37) 

0.594 

Officer 

1.17(0.80,1.70) 

0.413 

Enlisted  Flyer 

0.91  (0.51,1.60) 

0.737 

Enlisted  Groundcrew 

1.05  (0.71,1.55) 

0.815 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXLN  -  UNADJUSTED 

§f§6|  Analysis  Results  for  Log2  (Initial  Dioxin)8 §  %■  | 

Initial  Number  (%) 

ip  Estimated  Relative  Risk  &  % ii N 

A  :C9S %  CJ.'I1'  ■  .  ;  p-Value 

Low  160  29(18.1) 

Medium  162  31  (19.1) 

High  157  33(21.0) 

1.04(0.87,1.23)  0.688 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


11-77 


Table  11-25.  Analysis  of  Achilles  Reflex  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

Ifililijfcllll 

■  (95%  C.I.)a 

p- Value 

471 

1.22  (0.98,1.51) 

0.075 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


M  MODEL  3:  RANCH  HANDS  and  COMPARISONS  BY  DIOXIN  CATEGORY  - 

iHiiitiiiiiiiiB 

IIISflliftflttPSKiJfi 

'I  ’ 

Number  (%) 

lift  Est  Relative  Risk  ijll 
:  (95%  C.I.)ab 

p- Value 

Comparison 

1,206 

197  (16.3) 

Background  RH 

379 

57  (15.0) 

0.99(0.72,1.37) 

0.963 

Low  RH 

239 

46  (19.3) 

1.20  (0.84,1.71) 

0.325 

High  RH 

240 

47  (19.6) 

1.16(0.81,1.65) 

0.425 

Low  plus  High  RH 

479 

93  (19.4) 

1.18(0.89,1.55) 

0.247 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY- 

ADJUSTED 

|H  Dioxin  Category  1 1|| 

n 

(95%  C.I.)a 

p-Value 

Comparison 

1,188 

Background  RH 

374 

0.96(0.68,1.35) 

0.811 

Low  RH 

235 

0.97  (0.66,1.42) 

0.880 

High  RH 

236 

1.32(0.89,1.95) 

0.168 

Low  plus  High  RH 

471 

1.13(0.84,1.52) 

0.416 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  11-25.  Analysis  of  Achilles  Reflex  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

|  Estimated  Relative  Risk  j  |||t|®||  Jjfjf  §13 

(95%  C.I.)a  p- Value 

Low  286  44  (15.4) 

Medium  287  49(17.1) 

High  285  57  (20.0) 

1.07  (0.95,1.21)  0.250 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  RIDDEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

'  n  (95%  C.I.)“ 

p- Value 

845  1.12  (0.96,1.31) 

0.157 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

11.2.2.4.6  Biceps  Reflex 

A  significant  increase  of  Ranch  Hands  in  the  low  dioxin  category  relative  to  Comparisons  was  found 
from  the  unadjusted  Model  3  analysis  of  the  biceps  reflex  (Table  1  l-26(e):  Est.  RR=2.88,  p=0.029).  The 
result  was  marginally  significant  in  the  adjusted  analysis  (Table  1 1  -26(f):  Adj.  RR=2.52,  p=0.064).  All 
other  Model  3  contrasts,  as  well  as  all  other  analysis  results  from  Models  1,  2,  and  4,  were  nonsignificant 
(Table  1  l-26(a-h):  p>0.12  for  all  remaining  analyses). 


Table  11-26.  Analysis  of  Biceps  Reflex 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COM  -  UNADJU^XiEp  HIBBUil 

|PiiS8l81®81 3 

IliiigHilislil 

|jf|  Croup  |  J§§|J 

All 

Ranch  Hand 

866 

12(1.4) 

1.45  (0.65,3.24) 

0.369 

Comparison 

1,248 

12  (1.0) 

Officer 

Ranch  Hand 

340 

5(1.5) 

1.21  (0.37,4.00) 

0.753 

Comparison 

493 

6(1.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

2(1.3) 

1.24(0.17,8.92) 

0.830 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

375 

5  (1.3) 

1.91  (0.51,7.14) 

0.339 

Groundcrew 

Comparison 

568 

4  (0.7) 
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Table  11-26.  Analysis  of  Biceps  Reflex  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Occupational  Category 

v  -  Adjusted  Relative  Risk  'f  ’X  : 

(95%  C.l.) 

p- Value 

All 

1.31  (0.57,3.05) 

0.527 

Officer 

1.13(0.33,3.80) 

0.848 

Enlisted  Flyer 

1.34(0.18,9.89) 

0.776 

Enlisted  Groundcrew 

1.61  (0.39,6.58) 

0.509 

Initial  Dioxin  Category  Summary  Statistics 

||  Analysis  Results  for  Log2  (Initial  Dioxin)®  ||||||[| 

Initial  Number  {%)  is  t  ;  \ 

Dioxin  ;  :  .  n  Abnormal 

ig§  Estimated. Relative 
(95%  C.l.)1' 

p- Value 

0.72(0.41,1.24)  0.203 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

'  ■  '  ■  ■  ''  .  ■  ...  .  .  x  <  7-  ■  '  .  . 

n  (95%  C.l:)* 

471  0.87  (0.44,1.70) 

0.675 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

~  UN  ADJUSTED^;;  g; 

ifflSt  ililllii 

; .  Jfc; 

1  Abnormal  ,| ' 

111 ,  |  Est.  Relative  Risk  jll 
V  (95%  C.I.)ab 

Comparison 

1,210 

12(1.0) 

Background  RH 

380 

2(0.5) 

0.61  (0.14,2.77) 

0.524 

Low  RH 

239 

7  (2.9) 

2.88(1.12,7.44) 

0.029 

High  RH 

240  ' 

3(1.3) 

1.10(0.30,3.96) 

0.887 

Low  plus  High  RH 

479 

10(2.1) 

1.78  (0.73,4.35) 

0.209 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  11-26.  Analysis  of  Biceps  Reflex  (Continued) 


(f)  MODEL  i:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  llllll 

;  DioxinCategofyj  >  f/ 

i! 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value 

Comparison 

1,192 

Background  RH 

375 

0.27(0.03,2.13) 

0.213 

Low  RH 

235 

2.52  (0.95,6.70) 

0.064 

High  RH 

236 

1.37  (0.35,5.29) 

0.651 

Low  plus  High  RH 

471 

1.85  (0.73,4.69) 

0.193 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <;  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

61-BiSlti  An%sis.Result^^,jip^4^-^^”:+Ml  (ill  ff|| 

1987  Number  (%) 

(95%  C.I.)a  p- Value 

Low  287  0  (0.0) 

Medium  287  8  (2.8) 

High  285  4(1.4) 

1.16(0.80,1.68)  0.437 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


-  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

-  (95%  C.L)a  '  p- Value 


846 


1.52  (0.89,2.61) 


0.120 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


1 1.2.2. 4. 7  Babinski  Reflex 

All  analysis  results  from  Models  1  through  3  for  Babinski  reflex  were  nonsignificant  (Table  1  l-27(a-f): 
p>0.23  for  each  analysis).  The  result  from  the  unadjusted  Model  4  analysis  of  Babinski  reflex  was 
marginally  significant  and  inverse  in  direction  (Table  1  l-27(g):  Est.  RR=0.58,  p=0.056).  After 
adjustment  for  covariates,  the  association  between  Babinski  reflex  and  the  1987  dioxin  levels  was 
nonsignificant  (Table  ll-27(h):  p=0.223). 
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Table  11-27.  Analysis  of  Babinski  Reflex 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Category 

Group 

Number  (%) 

IlfIJf §  Abnormal  ; 

Est  Relative  Risk 

.  '  ^p-ValUe^/IIni 

All 

Ranch  Hand 

866 

8(0.9) 

0.88(0.36,2.14) 

0.785 

Comparison 

1,246 

13  (1.0) 

Officer 

Ranch  Hand 

340 

3  (0.9) 

2.18(0.36,13.12) 

0.394 

Comparison 

492 

2  (0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

0.40  (0.04,3.93) 

0.435 

Comparison 

185 

3(1.6) 

Enlisted 

Ranch  Hand 

375 

4(1.1) 

0.76  (0.23,2.53) 

0.650 

Groundcrew 

Comparison 

569 

8  0.4) 

QQ  MODEC  VS.  COMPARISONS  -  ADJUSTED 


Adjusted  Relative  Risk 


(95%  CX) 

p-Value 

AU 

0.81  (0.31,2.10) 

0.666 

Officer 

2.16(0.35,13.17) 

0.403 

Enlisted  Flyer 

0.36  (0.04,3.59) 

0.385 

Enlisted  Groundcrew 

0.64  (0.16,2.51) 

0.526 

(e)  MODKJ.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2(InitialDioxin)a  ^  )  j 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

Low  160  1  (0.6) 

Medium  162  0(0.0) 

High  157  1  (0.6) 

0.89  (0.28,2.86)  0.848 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^ 

A r|  f  1 U f  fy1|y  T  i '  JLbg2  (lnitial  Dioxin) ^ | ,> 

Jl^pppB®§!iSliil(|lS!njIpS 

476  1.08  (0.34,3.42) 

0.896 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  industrial  chemicals  exposure,  and  diabetic 
class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  Babinski  reflex. 
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Table  11-27.  Analysis  of  Babinski  Reflex  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNADJUSTED 

Number  (%)  Est  Relative  Risk 

,  .  n 

Abnormal  i  ,  ,\j  (95%  CX)ab 

p-Value 

Comparison 

1,208 

11  (0.9) 

Background  RH 

380 

5(1.3)  1.48(0.50,4.33) 

0.477 

Low  RH 

239 

1  (0.4)  0.46  (0.06,3.55) 

0.452 

High  RH 

240 

1  (0.4)  0.45  (0.06,3.50) 

0.444 

Low  plus  High  RH 

479 

2(0.4)  0.45(0.10,2.05) 

0.303 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

•  ADJUSTED  ,  |  miJI 

Adjusted  Relative  Risk 

Dioxin  Category 

(95%  CX)a  ■ 

§fj ! 

Comparison 

1,190 

Background  RH 

375 

1.53  (0.45,5.14) 

0.496 

Low  RH 

235 

0.38  (0.05,3.05) 

0.364 

High  RH 

236 

0.41  (0.05,3.33) 

0.405 

Low  plus  High  RH 

471 

0.40(0.08,1.85) 

0.239 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN 

C IK  Analysis  Results  forLogi  (lN98¥l)ioxm  +  ijfc  5 1 1 

*  Dioxin  '  ,n-  ? 

(95%  C’.I.f  p-Value 

ESS’ 

0.58  (0.32,1.03)  0.056 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


11-83 


Table  11-27.  Analysis  of  Babinski  Reflex  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a 

p- Value 

853  0.65  (0.33,1.29) 

0.223 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal 
Babinski  reflex. 


11.2. 2 A. 8  Polyneuropathy  Severity  Index 

The  results  from  the  Model  1  unadjusted  analysis  of  the  polyneuropathy  severity  index  revealed  a 
significant  difference  between  Ranch  Hands  and  Comparisons  in  the  percentage  of  participants  with  a 
moderate  polyneuropathy  severity  index  (Table  ll-28(a):  Est.  RR=2.37,  p=0.015).  A  marginally 
significant  difference  between  Ranch  Hand  and  Comparison  enlisted  flyers  in  the  percentage  of 
participants  with  a  moderate  polyneuropathy  severity  index  also  was  observed  (Table  1 1 -28(a):  Est. 
RR=4.54,  p=0.062).  Results  were  consistent  in  the  adjusted  analysis  for  both  contrasts  (Table  1  l-28(b): 
Adj.  RR=2.32,  p=0.020  for  all  occupations  combined;  Adj.RR=4.13,  p=0.083  for  enlisted  flyers).  All 
other  Model  1  contrasts  performed  were  nonsignificant  (Table  ll-28(a,b):  p>0.11  for  each  remaining 
Model  1  contrast). 

The  Model  2  adjusted  analysis  revealed  a  significant  positive  association  between  a  moderate 
polyneuropathy  severity  index  and  initial  dioxin  (Table  ll-28(d):  Adj.  RR=1.52,  p=0.042).  All  other 
Model  2  results  were  nonsignificant  (Table  1  l-28(c,d):  p>0.16  for  the  remaining  Model  2  analyses 
results). 

The  Model  3  unadjusted  analysis  of  the  polyneuropathy  severity  index  displayed  several  significant 
associations  between  categorized  dioxin  and  a  moderate  polyneuropathy  severity  index.  The  contrasts  of 
Ranch  Hands  in  the  low,  high,  and  low  plus  high  dioxin  categories  versus  Comparisons  each  were 
significant  and  displayed  more  Ranch  Hands  than  Comparisons  with  a  moderate  polyneuropathy  severity 
index  (Table  1  l-28(e):  Est.  RR=2.76,  p=0.032;  Est.  RR=2.64,  p=0.042;  and  Est.  RR=2.70,  p=0.01 1, 
respectively).  The  results  remained  significant  in  the  adjusted  analysis  for  the  contrast  of  Comparisons 
with  Ranch  Hands  in  the  high  and  the  low  plus  high  dioxin  categories,  and  was  marginally  significant  for 
the  contrast  of  Ranch  Hands  in  the  low  dioxin  category  with  Comparisons  (Table  1 1 -28(f): 

Adj.  RR=3.06,  p=0.024;  Adj.  RR=2.68,  p=0.014;  and  Adj.  RR=2.35,  p=0.079,  respectively).  The 
background  Ranch  Hand  contrast  was  nonsignificant  in  both  the  unadjusted  and  adjusted  analyses  (Table 
10-28(e):  p>0.61  for  each  contrast). 


11-84 


11-85 


Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index 


(a)  MODEL  1 :  RANCH  HANDS  VS.  COMPARISONS  -UNADJUSTED 


L  •  ■■■  •  . 

K ^  j”,  ^  i A «vi» i )  T . .  \  s  f » i  i * :)  '*  *  x 

...  Z*  •  -V’  »'y 

jf|aggg||^ Number^#)^”  §gj 

Spii|§ 

ggsaii 

|  ,,Mbteafe:v 

Severe 

p- Value 

'  'Est  Relative 
|  Risk  (95%  CL) 

All 

Ranch  Hand 

821 

796(97.0) 

21  (2.6) 

4(0.5) 

2.37(1.18,4.76) 

0.015 

5.87  (0.65,52.61) 

0.114 

Comparison 

1,182 

1,168  (98.8) 

13  (1.1) 

1  (0.1) 

Officer 

Ranch  Hand 

322 

312(96.9) 

1  (2.2) 

3  (0.9) 

1.73  (0.58,5.19) 

0.330 

_ 

0.130 

Comparison 

468 

462  (98.7) 

6(1.3) 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

145 

138  (95.2) 

7  (4.8) 

0  (0.0) 

4.54  (0.93,22.20) 

0.062 

— 

_ 

Comparison 

181 

179  (98.9) 

2(1-1) 

0  (0.0) 

Enlisted  Groundcrew 

Ranch  Hand 

354 

346  (97.7) 

7  (2.0) 

1  (0.3) 

2.13  (0.67,6.77) 

0.199 

1.52  (0.09,24.45) 

0.766 

Comparison 

533 

527  (98.9) 

5  (0.9) 

1  (0.2) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  a  severe  polyneuropathy  severity 
index. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  severe  polyneuropathy  severity  index. 
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Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

. .  '  ms 

Moderate  vs.  None/Mild 

lj||§|||  ••  Severe  vs-  None/MildcV^Kj^;^  I 

■  Occupatioiial  ■ . 
Category 

Adj.  Relative  Risk 
(95%  C.I.) 

%  ''fi"  Adj.  Relative  \ 

<95%  c.i.) ; '  SV  ~  v?  ; 

iisim  ii 

All 

2.32  ( 1.14,4.73 ) 

0.020 

5.44  (0.59f50.52) 

0.136 

Officer 

1.72  (0.57,5.24) 

0.338 

- 

- 

Enlisted  Flyer 

4.13  (0.83,20.52) 

0.083 

- 

- 

Enlisted  Groundcrew 

2.16(0.67,7.01) 

0.200 

1.64  (0.09,29.24) 

0.738 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  severe  polyneuropathy  severity  index. 

Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  a  moderate  or  severe  polyneuropathy 
severity  index.  Results  for  all  occupations  combined  also  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with 
a  moderate  or  severe  polyneuropathy  severity  index. 
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Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Number  (%) 

§j§2  Moderate  vs.  None/Mild  fe&fsfcs  Severe  vs.  Nohe/Mild  f  v , 

Initial  Dioxin 

Category  n  None/Mild  Moderate  Severe 

;pEst.  Relative  Risk  -w  , 

<95Cv  C.I.)"  |>-Vahie 

Est  Relative  ttisk  | ijpiiigil  * 1 

Low  152  146(96.1)  4(2.6)  2(1.3) 

Medium  151  147(97.4)  4(2.7)  0(0.0) 

High  150  143(95.3)  6(4.0)  1  (0.7) 

1.29(0.90,1.87)  0.168 

0.68(0.23,1.98)  0.476 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

'  _  £  ,T 

Moderate  vs.  None/Mild 

Adj.  Relative  Risk 

Adj.  Relative  Risk 

(95%  C.I.)8  p-Value 

■  n  (95%  C.I.)a  p- Value  j 

450  1.52(1.02,2.28)  0.042 

0.87  (0.24,3.20)  0.832 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  moderate  or  severe 
polyneuropathy  severity  index. 
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Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index  (Continued) 


BY  DIOXIN 


fF 

m 

SPI 

jSSs 

Number  (%)  V 

1  *'  - ;  Moderate  vs.  None/Mild 

IH?S  Severe  vs,  None/Mild  ■  |i$  ^  ~ 

J^Mwerate^t 

•x  ;■-■?»  .. 

iS^lrerSi 

'jg.~Est.  Relative  Risk1- 
(95%  C.I.)*b 

p- Value 

EstRfelatiVekisk 
(95%  r.i.r1’ 

p*  Value 

Comparison 

1,146 

1,132(98.8) 

13  (1.1) 

1  (0.1) 

Background  RH 

361 

355  (98.3) 

5  (1.4) 

1  (0.3) 

1.30(0.46,3.71) 

0.619 

3.03  (0.19,49.25) 

0.435 

Low  RH 

226 

217  (96.0) 

7  (3.1) 

2  (0.9) 

2.76(1.09,7.02) 

0.032 

10.54  (0.95,116.83) 

0.055 

High  RH 

227 

219  (96.5) 

7(3.1) 

1  (0.4) 

2.64(1.03,6.73) 

0.042 

5.41  (0.33,87.73) 

0.235 

Low  plus  High  RH 

453 

436  (96.3) 

14  (3.1) 

3  (0.7) 

2.70(1.26,5.81) 

0.011 

7.54  (0.75,75.71) 

0.086 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index  (Continued) 


(f)  MOpEE  3:  COMPARISONS  BY  DIOXIN  CATEGORY  -ADJ 

USTED 

Moderate  vs.  None/Mild 

Severe  vs.  None/Mild 

Adj.  Relative  Risk 

v  .;^Qxin: Category n  (95%  C.I.)a  p-Vaiue 

Adj.  Relative  Risk 

(95%  C  l.)*  p- Value 

Comparison  1,145 

Background  RH  358  1.29(0.45,3.70)  0.641 

Low  RH  225  2.35(0.90,6.09)  0.079 

High  RH  225  3.06(1.16,8.11)  0.024 

Low  plus  High  RH  450  2.68  (1.22,5.90)  0.014 

2.59(0.15,43.89)  0.511 

7.43(0.62,89.56)  0.114 

9.83(0.52,186.07)  0.128 

8.55  (0.77,94.34)  0.080 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  occupation  and  diabetic  class  because  of  the  sparse  number  of  participants  with  a  moderate  or  severe 
polyneuropathy  severity  index. 
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Table  11-28.  Analysis  of  Polyneuropathy  Severity  Index  (Continued) 


|  |  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  „* 

Moderate  vs.  None/Mild  *  \  {Severe-ys.  None/Mild 

Est  Relative  Risk 


Est  Relative  Risk 


Category 


None/Mild 


Moderate 


p-Yaiue 


Aloe' 


1.13(0.59,2.15) 


271  267  (98.5) 


4(1.5) 


Medium  275  266(96.7)  6(2.2) 

High _ 268  258  (96.3) _ 9  (3.4) 


0  (0.0) 

3(1.1) 
1  (0.4) 


1.38(1.04,1.84) 


0.024 


“Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


RANCH  HANDS.- 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^  (1987  Dioxin  +  1) 


Moderate  vs.  None/Mild 


Severe  vs.  None/Mild 


Adj.  Relative  Risk 

S  (9*5%  cx>a  H 


Adj.  Relative  Risk 


p-Value 


p-Value 


“Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  a  moderate  or  severe 
polyneuropathy  severity  index. 


The  Model  3  unadjusted  analysis  of  participants  with  a  severe  polyneuropathy  severity  index  showed  a 
marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons,  and 
between  Ranch  Hands  in  the  low  plus  high  dioxin  category  and  Comparisons  (Table  1  l-28(e): 

Est.  RR=  10.54,  p=0.055  and  Est.  RR=7.54,  p=0.086,  respectively).  The  contrast  of  Ranch  Hands  in  the 
low  plus  high  dioxin  category  remained  marginally  significant  in  the  adjusted  analysis  (Table  1  l-28(f): 
Adj.  RR=8.55,  p=0.080).  All  other  Model  3  contrasts  of  participants  with  a  severe  polyneuropathy 
severity  index  were  nonsignificant  (Table  1  l-28(e,f):  p>0.1 1  for  each  remaining  contrast). 

The  results  from  the  Model  4  analysis  of  the  polyneuropathy  severity  index  were  significant  in  both  the 
unadjusted  and  adjusted  analyses,  showing  a  positive  association  between  the  percentage  of  Ranch  Hands 
with  a  moderate  polyneuropathy  severity  index  and  1987  dioxin  (Table  1  l-28(g,h):  Est.  RR=1.38, 
p=0.024  for  the  unadjusted  analysis;  and  Adj.  RR=1.51,  p=0.013  for  the  adjusted  analysis).  The 
association  between  1987  dioxin  and  a  severe  polyneuropathy  severity  index  was  nonsignificant  (Table 
1  l-28(g,h):  p>0.37  for  both  the  unadjusted  and  adjusted  analyses). 

11.2.2.4.9  Polyneuropathy  Prevalence  Index 

All  analysis  results  contrasting  Ranch  Hands  and  Comparisons  on  the  polyneuropathy  prevalence  index 
in  Models  1  and  3  were  nonsignificant  (Table  1  l-29(a,b,e,f):  p>0.20  for  each  Model  1  and  3  contrast). 


Table  11-29.  Analysis  of  Polyneuropathy  Prevalence  Index 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  $$ 

|;;|'D^cupat  ional 

Group 

n  ^ 

Number  (%) 
Abnormal 

Est-  Relative  Risk- '  1  j  f  f  X 
(95%  CX) 

p-Value 

AU 

Ranch  Hand 

821 

130  (15.8) 

1.06  (0.83,1.35) 

0.668 

Comparison 

1,183 

179  (15.1) 

Officer 

Ranch  Hand 

322 

55(17.1) 

1.08(0.74,1.58) 

0.694 

Comparison 

468 

75  (16.0) 

Enlisted  Flyer 

Ranch  Hand 

145 

29  (20.0) 

0.92  (0.53,1.57) 

0.752 

Comparison 

182 

39  (21.4) 

Enlisted 

Ranch  Hand 

354 

46  (13.0) 

1.08  (0.72,1.61) 

0.725 

Groundcrew 

Comparison 

533 

65  (12.2) 

(b)  MODEL  1: 

RANCH  HANDS  VS/  COMpApSOSS  -  ADJUSTED  | ii 

IlSfJtllfS 

All 

0.99  (0.76,1.28) 

0.923 

Officer 

1.02  (0.68,1.51) 

0.941 

Enlisted  Flyer 

0.86(0.48,1.52) 

Enlisted  Groundcrew 

1.03  (0.67,1.59) 

0.877 
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Table  11-29.  Analysis  of  Polyneuropathy  Prevalence  Index  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Initial  Number (%) 

Estimated  Relative  Risk 
-  (95%  C.I.)b  p-Value 

Low  152  23(15.1) 

Medium  151  28  (18.5) 

High  150  29  (19.3) 

1.09(0.91,1.31)  0.344 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


IR^CH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

■ .  -  ■ 

Analysis  Results  for  Log2  (Initial  Dioxin) 

'  ilHw  £’s  ft  • 

£;1 

lillpISlIiill’-:  -A4j^t^R^l^i^IUsk ;;  ^ 

y  \  (95%  C.I.)’ 

;S'jf  1  p-Valiie  § . 

445 

1.30(1.03,1.65) 

0.029 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UlS(ADJfT?STED  |ggg 

Dioxin  Category 

Est  Relative  Risk  if  1 

mmmmmsm 

Comparison 

1,147 

175  (15.3) 

Background  RH 

361 

47  (13.0) 

0.89  (0.63,1.27) 

0.530 

Low  RH 

226 

38  (16.8) 

1.10(0.75,1.62) 

0.618 

High  RH 

227 

42  (18.5) 

1.18(0.81,1.72) 

0.376 

Low  plus  High  RH 

453 

80  (17.7) 

1.14(0.85,1.53) 

0.370 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-29.  Analysis  of  Polyneuropathy  Prevalence  Index  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  15V  DIOXIN  CATEGORY 

Dioxin  Category 

^4 1,  Adjusted  Relative  Risk  ,  l  t 
(95%  C.I.)a 

p-Value 

Comparison 

1,130 

Background  RH 

356 

0.315 

Low  RH 

222 

0.86  (0.57,1.30) 

0.484 

High  RH 

223 

1.31  (0.86,1.98) 

0.206 

Low  plus  High  RH 

445 

0.708 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

iji|  Analysis  Results  for  Log2  (1987  Dioxin  +  1)^  J  j§  |j|  jf|§f 

.  1987  Number  (%) 

1  H  U$S;|t  ||  Abnormal 

(95%  C.L)a  p-Value 

Low  271  39(14.4) 

Medium  275  38  (13.8) 

High  268  50  (18.7) 

1.09  (0.96,1.24)  0.198 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(hi  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

-a*:  *  rt-  a  S<  f  ll  Z  | 

801 _ 1.16(0.98,1.37) _ 0.080 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  2  unadjusted  analysis  of  the  polyneuropathy  prevalence  index  was  nonsignificant  (Table 
1  l-29(c):  p=0.344).  After  adjustment  for  covariates,  the  association  between  the  polyneuropathy 
prevalence  index  and  initial  dioxin  was  positive  and  significant  (Table  1 1 -29(d):  Adj.  RR=1.30, 
p=0.029).  Similarly,  the  Model  4  unadjusted  analysis  was  nonsignificant  (Table  1  l-29(g):  p=0. 198,  but 
the  association  between  the  polyneuropathy  prevalence  index  and  1987  dioxin  was  marginally  significant 
in  the  adjusted  analysis  (Table  ll-29(h):  Adj.  RR=1.16,  p=0.080). 

11.2.2 A.  10  Multiple  Polyneuropathy  Index 

The  difference  in  the  multiple  polyneuropathy  index  between  Ranch  Hands  and  Comparisons  was 
significant  and  showed  more  Ranch  Hands  than  Comparisons  with  an  abnormal  multiple  polyneuropathy 
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index  (Table  1 1 -30(a):  Est.  RR=1.58,  p=0.046).  After  adjustment  for  covariates,  the  difference  became 
marginally  significant  (Table  11 -30(b):  Adj.  RR=1.51,  p=0.092).  All  other  Model  1  contrasts  were 
nonsignificant  (Table  ll-30(a,b):  p>0.15  for  all  remaining  Model  1  contrasts). 


Table  11-30.  Analysis  of  Multiple  Polyneuropathy  Index 


(a)  MODEL  1:  RANCH  HANDS  VS^OMPARISONS  -  UNADJUSTED 


Occupational 

Group 

illllfiliSllI 

Number  (%) 

Est  Relative  Risk  1 1| 
(95%  CX) 

p-Value 

All 

Ranch  Hand 

821 

41  (5.0) 

1.58  (1.01,2.49) 

0.046 

Comparison 

1,183 

38  (3.2) 

Officer 

Ranch  Hand 

322 

16  (5.0) 

1.39  (0.69,2.79) 

0.358 

Comparison 

468 

17  (3.6) 

Enlisted  Flyer 

Ranch  Hand 

145 

13  (9.0) 

1.89  (0.79,4.56) 

0.155 

Comparison 

182 

9(5.0) 

Enlisted 

Ranch  Hand 

354 

12  (3.4) 

1.52  (0.68,3.43) 

0.309 

Groundcrew 

Comparison 

533 

12  (2.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

lllllilff^cai^ybnal^ategb^  V  || ll|| 

Adjusted  Relative  Risk 
(95%  CX) 

p-Value 

All 

1.51  (0.94,2.45) 

Officer 

1.44  (0.69,2.98) 

0.330 

Enlisted  Flyer 

1.77  (0.69,4.56) 

0.234 

Enlisted  Groundcrew 

1.43  (0.60,3.39) 

0.421 

(c)  MODEL  2:  R, 

\NCH  HA> 

IDS  INITIAL  DIOXIN 

-UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) a  <  y  V 

Initial 

iiisfii 

•  Number  (%) 

MWI  ‘r  i  1 1 

f:  t  j  '  Abnormal  |  :| 

■  (95%  C.I.)b  ;  :i  ■  :  p-Value  ; 

Low 

152 

■ 

1.30(0.98,1.73)  0.076 

Medium 

151 

High 

150 

mm 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-30. 

Analysis  of  Multiple  Polyneuropathy  Index  (Continued) 

(d)  MODEL  2: 

Analysis  Results  for  Log*  (Initial  Dioxin) 

■IlilllBllli 

Adjusted  Relative  Risk 
(95%  C.L)a 

f  p-Value  §jj§ 

445 

1.85  (1.20,2.87) 

0.004 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


|g|H|j||j|^g||||B^ ^^COMPARISONS  BY  DIOXIN  CATEGORY- 

1 1--S 

Number  (%)  Est.  Relative  Risk 

Abnormal  (95%  C,I.)ab 

p-Value 

Comparison 

1,147 

36  (3.1) 

Background  RH 

361 

14(3.9)  1.29(0.68,2.43) 

0.432 

Low  RH 

226 

10(4.4)  1.42(0.69,2.90) 

0.340 

High  RH 

227 

15(6.6)  2.12(1.14,3.95) 

0.018 

Low  plus  High  RH 

453 

25(5.5)  1.73(1.02,2.94) 

0.042 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ADJUSTED  gt£|;; 

lillBllllii 

§11111  Dioxin  Gat^gory  f  ^  | 

iliilii®!#! 

r  -  (9s%  cxv  *  < ; 4  ; 

Comparison 

1,130 

Background  RH 

356 

1.37  (0.69,2.72) 

0.366 

Low  RH 

222 

0.96  (0.44,2.10) 

High  RH 

223 

2.38(1.18,4.82) 

Low  plus  High  RH 

445 

1.51  (0.84,2.71) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-30.  Analysis  of  Multiple  Polyneuropathy  Index  ( Continued ) 


(g)  PPDEL  4:  RANCH  HANDS -1987  DIOXIN  - 

UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

F 

Analysis  Results  for  Log2  (1987  Dioxin  +  1)  §§  J||  ff| , 

1987  Number  (%)  : 

Estimated- Relative  Risk  |§f  I|1 ! ' §|fi:  5 ; .1} HI ; ^ilpipllif  j 

(95%  C.I.)a  p-Value 

IS  BE21 

1.19(0.96,1.46)  0.110 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  = 

=  >19.6  ppt. 

Analysis  Results  for  Logs  (1987  Dioxin  +  1) 

Risk;:: 

(95%  c.l.)a 


p-Value 


801 


1.29  (0.95,1.76) 


0.101 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  2  unadjusted  analysis  displayed  a  marginally  significant  positive  association  between  the 
multiple  polyneuropathy  index  and  initial  dioxin  (Table  ll-30(c):  Est.  RR=1.30,  p=0.076).  After 
adjustment  for  covariates,  the  association  became  significant  (Table  1  l-30(d):  Adj.  RR=1.85,  p=0.004). 

A  significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  was  found 
from  the  Model  3  unadjusted  and  adjusted  analyses  of  the  multiple  polyneuropathy  index  (Table 
1  l-30(e,f):  Est.  RR=2.12,  p=0.018  and  Adj.  RR=2.38,  p=0.016,  respectively).  The  difference  was  also 
significant  for  the  unadjusted  contrast  of  Ranch  Hands  in  the  low  plus  high  dioxin  category  with 
Comparisons  (Table  ll-30(e):  Est.  RR=1.73,  p=0.042).  This  contrast  was  nonsignificant  in  the  adjusted 
analysis  (Table  1  1 -30(f):  p=0.165).  The  other  Model  3  contrasts  were  nonsignificant  in  both  the 
unadjusted  and  adjusted  analyses  as  were  the  results  from  the  analyses  of  Model  4  (Table  1  l-30(e-h): 
p>0.10  for  each  remaining  Model  3  contrast  and  Model  4  analyses). 

1 1. 2.2 A.  1 1  Confirmed  Polyneuropathy  Indicator 

Differences  between  Ranch  Hands  and  Comparisons  were  marginally  significant  for  several  contrasts 
from  the  Model  1  unadjusted  analysis  of  the  confirmed  polyneuropathy  indicator.  For  all  contrasts, 
Ranch  Hands  showed  a  higher  percentage  of  participants  with  an  abnormal  confirmed  polyneuropathy 
indicator  than  did  Comparisons.  The  difference  was  marginally  significant  when  examined  across  all 
occupations  (Table  11-3 1(a):  Est.  RR=2.30,  p=0.082),  for  enlisted  flyers  (Table  11-3 1(a):  p=0.079),  and 
for  enlisted  groundcrew  (Table  1 1-3 1(a):  Est.  RR=7.62,  p=0.064).  After  adjustment  for  covariates,  the 
results  were  marginally  significant  for  the  analysis  across  all  occupations  and  for  enlisted  groundcrew 
(Table  1  l-31(b):  Adj.  RR=2.35,  p=0.082;  and  Adj.  RR=8.59,  p=0.054,  respectively).  The  analysis  of  the 
confirmed  polyneuropathy  indicator  was  nonsignificant  for  officers  for  both  the  unadjusted  and  adjusted 
analyses  (Table  ll-31(a,b):  p=0.381  and  p=0.414,  respectively). 
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Table  11-31.  Analysis  of  Confirmed  Polyneuropathy  Indicator 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


|  Occupational  ! 
Category 

Group 

|]||  n  |  J  |  | 

Number  (%) 

:!i¥I 

Est  Relative  Risk  1 1 
(95%  C.I.) 

p-Value 

AU 

Ranch  Hand 

811 

11(1.4) 

2.30  ( 0.89,5.95 ) 

0.082 

Comparison 

1,176 

7(0.6) 

Officer 

Ranch  Hand 

318 

2  (0.6) 

0.49  (0.10,2.43) 

0.381 

Comparison 

468 

6(1.3) 

Enlisted  Flyer 

Ranch  Hand 

142 

4  (2.8) 

—  • 

0.0793 

Comparison 

180 

0  (0.0) 

Enlisted 

Ranch  Hand 

351 

5(1.4) 

7.62  (0.89,65.47) 

0.064 

Groundcrew 

Comparison 

528 

1  (0.2) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  confirmed  polyneuropathy  indicator. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  confirmed  polyneuropathy 
indicator. 


(b)  MODEL  1 :  RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 


Adjusted  Relative  Risk 

Occupational  Category  (95%  C.I  )  p- Value 


All 

2.35(0.88,6.22) 

0.082 

Officer 

0.51  (0.10,2.59) 

0.414 

Enlisted  Flyer 

— 

~ 

Enlisted  Groundcrew 

8.59  (0.97,76.27) 

0.054 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  confirmed  polyneuropathy 
indicator. 


Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal 
confirmed  polyneuropathy  indicator. 


|  (c)  MODEL 

|||  §J  Initial  Dioxin  Category  Summary  Statistics  |gj||  | 

Analysis  Results  for  Logi  (Initial  Dioxin)0 

Dioxin  n  Abnormal 

1.63(1.05,2.53)  0.033 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


11-97 


Table  11-31.  Analysis  of  Confirmed  Polyneuropathy  Indicator  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  ^INITIAL  DIOXIN  -  ADJUSTED 

lilfSiliiilliiil 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value  J  lil'il  Kill  ill 

444 

1.98(1.19,3.29) 

0.008 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  industrial  chemicals  exposure,  degreasing  chemicals  exposure,  and 
diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  confirmed  polyneuropathy  indicator. 


AND  COMPARISONS  By  DIOXIN  CATEGORY  - 

-  UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

Abnormal  (95%  C.I.)ab 

p- Value  HIM 

Comparison 

1,141 

7(0.6) 

Background  RH 

358 

2(0.6)  1.06(0.22,5.16) 

Low  RH 

224 

3(1.3)  2.08  (0.53,8.17) 

High  RH 

223 

6(2.7)  3.89(1.28,11.86) 

0.017 

Low  plus  High  RH 

447 

9(2.0)  2.85(1.02,7.97) 

0.047 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MQDEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-tADJUSTED  IS!! 

:  j §§§  Dioxin  Category  ||| 

IlillllilSili 

Adjusted  Relative  Risk 
(95  %  C J.)a 

p-Value 

Comparison 

1,138 

Background  RH 

355 

0.99  (0.20,4.97) 

0.988 

Low  RH 

223 

1.56  (0.38,6.40) 

0.536 

High  RH 

221 

6.04  (1.63,22.42) 

Low  plus  High  RH 

444 

3.06(1.02,9.23) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  participants  with  an  abnormal 
confirmed  polyneuropathy  indicator. 
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Table  11-31.  Analysis  of  Confirmed  Polyneuropathy  Indicator  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN- UNADJUSTED 

1 987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

jj  Estimated  Relative  Risk  |  ,  '  > 

(95%  C.I.)a  p- Value 

wmm, 

1.80(1.26,2.58)  0.002 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

799  2.21  (1.24,3.96) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal 
confirmed  polyneuropathy  indicator. 


Both  the  unadjusted  and  adjusted  analyses  from  Model  2  displayed  a  significant  positive  association 
between  the  confirmed  polyneuropathy  indicator  and  initial  dioxin  (Table  1  l-31(c,d):  Est.  RR=1.63, 
p=0.033,  and  Adj.  RR=1.98,  p=0.008). 

In  the  unadjusted  Model  3  analysis,  significant  results  were  found  for  the  contrast  of  Ranch  Hands  in  the 
high  dioxin  category  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  with  Comparisons.  The 
prevalence  of  an  abnormal  confirmed  polyneuropathy  indicator  for  Ranch  Hands  in  the  high  dioxin 
category  was  significantly  greater  than  for  Comparisons  (Table  ll-31(e,f):  Est.  RR=3.89,  p=0.017  and 
Adj.  RR=6.04,  p=0.007).  The  contrast  of  Ranch  Hands  from  the  low  plus  high  dioxin  category  with 
Comparisons  also  was  significant  in  both  unadjusted  and  adjusted  analyses  (Table  ll-31(e,f):  Est. 
RR=2.85,  p=0.047  and  Adj.  RR=3.06,  p=0.047).  All  other  Model  3  contrasts  were  nonsignificant  (Table 
1  l-31(e,f):  p>0.29  for  each  remaining  Model  3  contrast). 

Both  the  unadjusted  and  adjusted  analyses  of  Model  4  displayed  a  significant  positive  association 
between  the  confirmed  polyneuropathy  indicator  and  the  1987  dioxin  levels  (Table  1  l-31(g,h): 

Est.  RR=1.80,  p=0.002  and  Adj.  RR=2.21,  p=0.003).  As  1987  dioxin  increased,  the  prevalence  of  an 
abnormal  confirmed  polyneuropathy  indicator  increased. 

11.2.2.5  Physical  Examination  Variables  -  CNS  Coordination  Processes 
11.2.2.5.1  Tremor 

All  results  from  the  analyses  of  tremor  from  Models  1  through  4  were  nonsignificant  (Table  1  l-32(a-h): 
p>0.19  for  each  analysis). 
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Table  11-32.  Analysis  of  Tremor 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


||  Occupational 

lllBliSiSWSIS 

Group 

iiliillill 

Number  (%) 

I|i||^bl|pwh2d  lilllf: 

Est.  Relative  Risk 

(95%  C.L)  !|!  l  |;|: 

p-Value 

All 

Ranch  Hand 

866 

60  (6.9) 

0.95  (0.68,1.33) 

0.753 

Comparison 

1,249 

91  (7.3) 

Officer 

Ranch  Hand 

340 

22  (6.5) 

1.11  (0.62,1.96) 

0.728 

Comparison 

493 

29  (5.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

15  (9.9) 

1.26  (0.60,2.68) 

0.540 

Comparison 

187 

15  (8.0) 

Enlisted 

Ranch  Hand 

375 

23  (6.1) 

0.73  (0.43,1.22) 

0.224 

Groundcrew 

Comparison 

569 

47  (8.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Adjusted  Relative  Risk 


Occupational  Category 

AU 

0.90  (0.64,1.28) 

0.564 

Officer 

1.06  (0.59,1.89) 

0.850 

Enlisted  Flyer 

1.14  (0.53,2.44) 

0.734 

Enlisted  Groundcrew 

0.72  (0.42,1.21) 

0.212 

(c)  M0DEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log* (Initial  Dioxin)8 

Initial  Number  (%) 

:  (95%  C.I.)b  p-Valuc 

Low  160  11(6.9) 

Medium  162  10(6.2) 

High  157  9  (5.7) 

1.02(0.77,1.36)  0.869 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  -  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED  fgggff; 

|jf||| |||1|  |§||J  llfl  Analysi^‘-R^U|^Tpr  Log2  (Initial Dioxin)  ^ 

V'  /V;:-:'  :i;-  ;  .  '  .  / 

(95%  C.I.)a 

471 

1.02  (0.73,1.44) 

0.893 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Table  11-32.  Analysis  of  Tremor  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

I  :  JB^t^RelativeRiski"' 

n 

Abnormal  '§|t®||  (95%  CX)*  fl  | 

HI#  IQ  i  p- Value  111 $ 

Comparison 

1,211 

90  (7.4) 

Background  RH 

380 

30(7.9)  1.05(0.68,1.62) 

0.821 

Low  RH 

239 

14(5.9)  0.78(0.43,1.39) 

0.396 

High  RH 

240 

16(6.7)  0.90(0.52,1.57) 

0.713 

Low  plus  High  RH 

479 

30(6.3)  0.84(0.55,1.29) 

0.417 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  . 

ll  III  >;  Adjusted  Relative  Risk  <  H 1  ft  1  ’ i 

(95%  C.I.) 

Comparison 

1,193 

Background  RH 

375 

1.11  (0.71,1.74) 

0.659 

Low  RH 

235 

0.71  (0.39,1.28) 

0.248 

High  RH 

236 

0.79  (0.44,1.40) 

Low  plus  High  RH 

471 

0.75(0.48,1.16) 

0.194 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED  . 

/^n^yjsis  Residfs  for  Log2  (1987  Diomid  *  i)!|>  |J| j 

E $  |j|§l |  ft  Number 

%  8;  pio^ra  f  ik  §f|  |j||  Jig 

Ml— 

0.94(0.79,1.13)  0.527 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  11-32.  Analysis  of  Tremor  (Continued) 


:(4)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  - ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
(95%C.I.)a 


p- Value 


846 


0.93  (0.75,1.14) 


0.478 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.5.2  Coordination 

All  results  from  the  analyses  of  coordination  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-33(a-h):  p>0.1 1  for  each  analysis). 


Table  11-33.  Analysis  of  Coordination 


(jjKMQpPpb  ^N<^  ^NDS  VS.  C^PARIgi&NS  UNADJI|Sp:D 


liilililliils 

-Number  (%);f:|^  § 

Est  Relative  Risk  i 

All 

Ranch  Hand 

866 

19(2.2 ) 

0.88  (0.49,1.57) 

0.663 

Comparison 

1,247 

31  (2.5) 

Officer 

Ranch  Hand 

340 

10  (2.9) 

1.84  (0.72,4.70) 

0.205 

Comparison 

493 

8(1.6) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

0.30  (0.03,2.74) 

0.288 

Comparison 

186 

4  (2.2) 

Enlisted 

Ranch  Hand 

375 

8(2.1) 

0.63  (0.27,1.45) 

0.279 

Groundcrew 

Comparison 

568 

19  (3.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

1  i  '  if!  Occupational  Category  1  i| 

:  ■■  '  v  '  ,  .  .  .  ■  • 

f!  fitfii  Adjusted  Relative  Risk 
(95%  CX) 

All 

0.86  (0.48,1.56) 

0.622 

Officer 

1.65  (0.64,4.26) 

Enlisted  Flyer 

0.28  (0.03,2.58) 

0.263 

Enlisted  Groundcrew 

0.64  (0.27,1.50) 

0.305 

(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

llB  L?  Initial  Dioxin  Category  Summary  Statistics  .  t H  '■$>$ 

1:  SI .  Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

rv  .  .  . 

f  1  'r 

0.90  (0.49,1.65)  0.735 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  11-33. 

Analysis  of  Coordination  (Continued) 

(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

471 

1.18  (0.62,2.24) 

0.632 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  abnormal 
coordination. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY- 

;0®DJlJSTEl)y:-^i:iv 

n 

Nutnb^Jt,(%)  ||1 
v  Afehoinmal-  -  WM 

1 :  & ~  Est.  Relative  Risk  $ 
(95%  C.I.)ab 

p-Value 

Comparison 

1,209 

30  (2.5) 

Background  RH 

380 

12(3.2) 

1.33  (0.67,2.65) 

0.412 

Low  RH 

239 

4(1.7) 

0.66  (0.23,1.90) 

0.443 

High  RH 

240 

3(1.3) 

0.48  (0.15,1.59) 

0.231 

Low  plus  High  RH 

479 

7(1.5) 

0.56  (0.24,1.30) 

0.181 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adjusted  Relative  Risk 


|fj§!  Dioxin  |  1  jfj 

n 

•'  (95%  CX)*  . 

Comparison 

1,191 

Background  RH 

375 

1.46  (0.71,3.01) 

0.298 

Low  RH 

235 

0.61  (0.21,1.79) 

0.371 

High  RH 

236 

0.42(0.12,1.42) 

0.161 

Low  plus  High  RH 

471 

0.51  (0.22,1.19) 

0.117 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


11-103 


Table  11-33.  Analysis  of  Coordination  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

jig  1||  j  l  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  1 1[  If  |||  J ! 

1987  Number  (%) 

Estimated  Relative  Risk  :V  ^  ,  : 

(95%  C.I.)a  p- Value 

0.81  (0.58,1.13)  0.211 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


11.2.2.5.3  Romberg  Sign 

All  results  from  the  analyses  of  Romberg  sign  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-34(a-h):  p>0. 12  for  each  analysis). 


Table  11-34.  Analysis  of  Romberg  Sign 


(a)  MODEL!:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

i  if  . 

1®  Abnormal  ||||  , 

ff  Est  Relative  Risk 

All 

Ranch  Hand 

866 

7(0.8) 

1.44(0.50,4.13) 

0.494 

Comparison 

1,248 

7(0.6) 

Officer 

Ranch  Hand 

340 

5  (1.5) 

3.66  (0.71,19.00) 

0.122 

Comparison 

493 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

0.999a 

Comparison 

186 

1  (0.5) 

Enlisted 

Ranch  Hand 

375 

2(0.5) 

0.76  (0.14,4.16) 

0.749 

Groundcrew 

Comparison 

569 

4  (0.7) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  an  abnormal  Romberg  sign. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  Romberg  sign. 
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Table  11-34.  Analysis  of  Romberg  Sign  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) . 

p-Value 

AU 

1.38  (0.47,4.03) 

0.553 

Officer 

3.37(0.64,17.73) 

0.151 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

0.73  (0.13,4.07) 

0.719 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  fur  Log2  (Initial  Dioxin)8 

Estimated  Relative  Risk 

'  (95%  C.I.)b  ;  ■.  p  Value 

Low  160  0  (0.0) 

Medium  162  1  (0.6) 

High  157  1  (0.6) 

1.27(0.48,3.35)  0.638 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(<t)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
n  (95%C.I.)a 

476  1.65(0.61,4.45) 

0.350 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race,  occupation,  insecticide  exposure,  and  diabetic  class  because  of  the  sparse 
number  of  participants  with  an  abnormal  Romberg  sign. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNAlDJTJSJEEp- .  lVt| 

5||g  Dioxin  Category  |f)j| 

Number  (%) 

*  s  Est  Relative  Risk 

Comparison 

1,210 

7  (0.6) 

Background  RH 

380 

5(1.3) 

2.52(0.78,8.10) 

0.121 

Low  RH 

239 

1  (0.4) 

0.70  (0.09,5.74) 

0.741 

High  RH 

240 

1  (0.4) 

0.66  (0.08,5.43) 

0.699 

Low  plus  High  RH 

479 

2(0.4) 

0.68  (0.14,3.31) 

0.633 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-34.  Analysis  of  Romberg  Sign  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  Ifllli 

Dioxin  Category 

n 

Adjusted  Relative  Risk 
,  (95%  C.I.)a 

p-Value 

Comparison 

1,192 

Background  RH 

375 

2.54  (0.74,8.72) 

0.138 

Low  RH 

235 

0.63  (0.08,5.24) 

0.667 

High  RH 

236 

0.63  (0.07,5.49) 

0.672 

Low  plus  High  RH 

471 

0.63(0.13,3.11) 

0.567 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN- UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

'  ■  1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

0.88(0.52,1.50)  0.642 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

^ ^^^^i^fcdRelaitiye  Risk' '  ■  lift  §fgl 
(95%  CX)* 


p-Value 


846 


0.95  (0.52,1.73) 


0.860 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  participants  with  an 
abnormal  Romberg  sign. 


11.2.2.5.4  Gait 

The  adjusted  Model  1  analysis  of  gait  displayed  a  marginally  significant  increase  in  the  prevalence  of  an 
abnormal  gait  for  Ranch  Hand  enlisted  groundcrew  relative  to  Comparison  enlisted  groundcrew  (Table 
1  1 -35(b):  Adj.  RR=1.79,  p=0.090).  All  other  results  from  the  analysis  of  gait  for  Models  1  through  4 
were  nonsignificant  (Table  1  l-35(a-h):  p>0.1 1  for  all  remaining  analyses). 
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Table  11-35.  Analysis  of  Gait 


(a)  J^N;C H  HANDS  y^CjpMPARISONS  -  UNADJUSTED 


Occupational 

1 1  Number  (%) 
Iff  Abrioririal  |||g  | 

Est  Relative  Risk  :|  m 

yilBllSSWMIiHiilBllll 

Ijf!  p-Value 

All 

Ranch  Hand 

866 

50(5.8) 

1.28(0.87,1.89) 

0.214 

Comparison 

1,249 

57  (4.6) 

Officer 

Ranch  Hand 

340 

19  (5.6) 

1.06  (0.58,1.95) 

0.844 

Comparison 

493 

26  (5.3) 

Enlisted  Flyer 

Ranch  Hand 

151 

11  (7.3) 

1.26  (0.53,2.98) 

0.604 

Comparison 

187 

11  (5.9) 

Enlisted 

Ranch  Hand 

375 

20  (5.3) 

1.55  (0.82,2.92) 

0.178 

Groundcrew 

Comparison 

569 

20  (3.5) 

ijlilf  •  Adjusted  Relative  Risk 
(95%  CX)  • 

1  'I-!- Jilfif 

AU 

1.26(0.83,1.89) 

0.275 

Officer 

1.01  (0.54,1.89) 

0.972 

Enlisted  Flyer 

1.05  (0.43,2.59) 

0.911 

Enlisted  Groundcrew 

1.79  (0.91,3.49) 

0.090 

(c)  MODKI.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

!>  v\  •  Anal^is  •Re^^J^ir.L^ 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  160  8  (5.0) 

Medium  162  11(6.8) 

High  157  7(4.5) 

1.00(0.74,1.35)  0.998 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

•.  .  •  : 

Analysis  Results  for  Log?  (Initial  Dioxin) 

,  , .  ■. .  -  .  •  '  "  ' 

Adjusted  Relative  Risk 

■  n  v 

(95%  C.I.)* 

p-Value 

471 

1.12(0.79,1.60) 

0.530 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  11-35.  Analysis  of  Gait  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

~  UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

.  n 

•  Abnojriiial  (95%  C.I.)ab 

!llllIi:i“Yalue  I : 

Comparison 

1,211 

55  (4.5) 

Background  RH 

380 

23(6.1)  1.50(0.91,2.49) 

0.115 

Low  RH 

239 

11  (4.6)  0.98(0.51,1.91) 

High  RH 

240 

15(6.3)  1.28(0.71,2.32) 

Low  plus  High  RH 

479 

26(5.4)  1.12(0.69,1.83) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

(R  iVlODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJfJSTEp  gUig 

Adjusted  Relative  Risk 

Sliiiisiiifii* 

>/:■>  (95%  C.I.)a 

liiiliiiifgiiiip 

Comparison 

1,193 

Background  RH 

375 

1.52  (0.90,2.59) 

0.121 

Low  RH 

235 

0.77  (0.38,1.57) 

High  RH 

236 

1.44  (0.76,2.74) 

0.262 

Low  plus  High  RH 

471 

1.06  (0.63,1.78) 

0.832 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


|®  1^87  Dioxin  C&tegoiy,  Summary  Statistic  |§3| 

|  f An^ySis  Results  for,Log2XlS>87  Dioxin  4 IX vl'*  jf 

■V  .1987  ;;  .  •  .  .  .  .  Number  (%) 

Dioxin  n  Abnormal 

M'fm  -a-  •  > .« 

1.00(0.83,1.22)  0.966 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt.  • 
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Table  11-35.  Analysis  of  Gait  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

•  n  (95%  C.L)a  . 

.. ||gl p-Value  lifl 

846  0.99(0.78,1.25) 

0.905 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

11.2.2.5.5  CHS  Index 

All  results  from  the  analyses  of  the  CNS  index  from  Models  1  through  4  were  nonsignificant  (Table 
1  l-36(a-h):  p>0. 10  for  each  analysis). 


Table  11-36.  Analysis  of  CNS  Index 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


BSfiBiwS® 

Group 

"i tils'  ’lit' 

Number  (%) 
Abnorma®f^: 

JEst.  Relative  Risk  7, | 

1  iiiSJliMiiBiiii 

.p-Value/  ’  | 

All 

Ranch  Hand 

866 

107  (12.4) 

1.05  (0.80,1.37) 

0.731 

Comparison 

1,248 

148(11.9) 

Officer 

Ranch  Hand 

340 

39(11.5) 

1.08  (0.69,1.67) 

0.745 

Comparison 

493 

53  (10.8) 

Enlisted  Flyer 

Ranch  Hand 

151 

24(15.9) 

1.07  (0.59,1.94) 

0.816 

Comparison 

187 

28  (15.0) 

Enlisted 

Ranch  Hand 

375 

44(11.7) 

0.99  (0.66,1.49) 

0.977 

Groundcrew 

Comparison 

568 

67(11.8) 

VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category  (95%CX)  p-Value 


All 

0.99  (0.75,1.31) 

0.957 

Officer 

1.01  (0.64,1.58) 

0.975 

Enlisted  Flyer 

0.92  (0.50,1.70) 

0.799 

Enlisted  Groundcrew 

1.01  (0.67,1.54) 
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Table  11-36.  Analysis  of  CNS  Index  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNA 

Initial  Dioxin  Category  Summary  Statistics 

■ 

Analysis  Results  for  Log2  (Initial  Dioxin)8  j|  j 

1§  Estimated  Relative  Risk  1 1  §  :  ||||  jj  |j|||J  j| 
(95%  C.I.)b  p-Value 

Low  160  18(11.3) 

Medium  162  21  (13.0) 

High  157  15  (9.6) 

1.00(0.81,1.24)  0.976 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


l^OH  HANDS  -  INIWAt  DIOXIN  -  ADJUSTED 

(95%  C.I.)a 

p-Value 

471 

1.03  (0.80,1.33) 

0.840 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND: COMPARISONS  BY  DIOXIN  CATEGORY 

illlliiilii 

.  Number  (%) 

||||j||  Abnormal 

Esk  Relative  Risk 
(95%  C.I.),b 

HI: iiiiifiiiiifiisji 

Comparison 

1,210 

146(12.1) 

Background  RH 

380 

52(13.7) 

1.18(0.84,1.66) 

0.339 

Low  RH 

239 

24  (10.0) 

0.81  (0.51,1.28) 

0.363 

High  RH 

240 

30  (12.5) 

1.02  (0.67,1.56) 

0.923 

Low  plus  High  RH 

479 

54(11.3) 

0.91  (0.65,1.27) 

0.576 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  11-36.  Analysis  of  CNS  Index  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category  \  |§|ffl 

llilllilllfliii 

(95%  CX)a 

p-Value 

Comparison 

1,192 

Background  RH 

375 

1.24(0.86,1.77) 

0.249 

Low  RH 

235 

0.67  (0.42,1.09) 

0.105 

High  RH 

236 

0.94  (0.60,1.47) 

0.789 

Low  plus  High  RH 

471 

0.80  (0.56,1.13) 

0.205 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN -UNADJUSTED 

l  [.■  4  v  ^?87tDi^h  pategbry  Summary  Statistics  '  3  * 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

iff  "Estimated:Relative  Ri^k 

0.97  (0.84,1.12)  0.672 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN -  ADJUSTED 

n v  ’/V:  (95%  C.I.)V  ;  . 

HI*! 

846 


0.94(0.80,1.10) 


0.443 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


1 1 .2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  two  indices — the  cranial  nerve  function  index  and  the  CNS 
index — to  examine  whether  changes  across  time  differed  with  respect  to  group  membership  (Model  1), 
initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Model  4  was  not  examined  in  longitudinal 
analyses  because  1987  dioxin,  the  measure  of  exposure  in  these  models,  changes  over  time  and  is  not 
available  for  all  participants  for  1985  or  1997.  For  both  indices,  the  longitudinal  analyses  investigated 
the  differences  between  the  1985  follow-up  examination  and  the  1997  follow-up  examination,  because 
Scripps  Clinic  conducted  both  of  the  neurological  examinations.  A  different  clinic  performed  the 
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neurological  examinations  for  the  1982  baseline  study,  and  the  prevalence  of  abnormalities  was  much 
higher  for  the  neurological  parameters  in  1982,  suggesting  a  different  method  of  examination. 


The  longitudinal  analyses  for  all  of  these  variables  investigated  the  difference  between  the  1985 
examination  and  the  1997  examination.  These  analyses  were  used  to  investigate  the  temporal  effects  of 
dioxin  during  the  12-year  period  between  1985  and  1997.  Participants  considered  abnormal  in  1985  were 
not  included  in  the  analyses  because  they  were  already  abnormal  before  this  period.  Consequently,  only 
participants  considered  normal  at  the  1985  examination  (i.e.,  a  normal  index)  were  considered  to  be  at 
risk  when  the  effects  of  dioxin  over  this  period  of  time  were  explored.  The  rate  of  abnormalities  under 
this  restriction  approximates  an  incidence  rate  between  1985  and  1997.  That  is,  an  incidence  rate  is  a 
measure  of  the  rate  at  which  people  without  a  condition  develop  the  condition  during  a  specified  period 
of  time  (44).  Summary  statistics  are  provided  for  reference  purposes  for  the  1987  and  1992 
examinations.  All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  the 
percentage  of  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

11.2.3.1  Physical  Examination  Variables 

11.2.3.1.1  Cranial  Nerve  Index 

The  longitudinal  analysis  of  the  cranial  nerve  index  was  based  on  participants  with  a  normal  index  in 
1985.  All  results  from  the  Model  1  analysis  indicate  no  significant  difference  between  Ranch  Hands  and 
Comparisons  (Table  ll-37(a):  p>0.61  for  each  contrast). 


Table  11-37.  Longitudinal  Analysis  of  Cranial  Nerve  Index 


(a)  MODEL  X:  RANCH  HANDS  VS.  COMPARISONS 


l|-;;.\0&upatiohal  f  ||||| 

Number  (%)  Abnormal/(nj 
Examination 

Group 

1985 

1992 

1997 

All 

Ranch  Hand 

30(3.7) 

35  (4.5) 

39  (5.0) 

55  (6.9) 

(802) 

(777) 

(777) 

(802) 

Comparison 

21  (2.0) 

43(4.2) 

31  (3.1) 

59  (5.6) 

(1,048) 

(1,018) 

(1,014) 

(1,048) 

Officer 

Ranch  Hand 

8  (2.6) 

11  (3.6) 

13(4.3) 

17  (5.5) 

(308) 

(302) 

(301) 

(308) 

Comparison 

7(1.7) 

1 1  (2.7) 

16(4.0) 

23  (5.6) 

(414) 

(403) 

(404) 

(414) 

Enlisted  Flyer 

Ranch  Hand 

5  (3.4) 

7  (4.9) 

5  (3.5) 

13  (8.9) 

(146) 

(143) 

(142) 

(146) 

Comparison 

1  (0.6) 

7  (4.7) 

3  (2.0) 

8(5.1) 

(156) 

(150) 

(154) 

(156) 

Enlisted  Groundcrew 

Ranch  Hand 

17  (4.9) 

17  (5.1) 

21  (6.3) 

25  (7.2) 

(348) 

(332) 

(334) 

(348) 

Comparison 

13  (2.7) 

25  (5.4) 

12(2.6) 

28  (5.9) 

(478) 

(465) 

(456) 

(478) 
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Table  11-37.  Longitudinal  Analysis  of  Cranial  Nerve  Index  (Continued) 


litliiiiiliili 

Group 

Number  (%) 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk  1 
'  (95%  C.I.)a 

p- Value8 

AU 

Ranch  Hand 

772 

41  (5.3) 

1.05(0.69,1.59) 

0.836 

Comparison 

1,027 

52  (5.1) 

Officer 

Ranch  Hand 

300 

16(5.3) 

1.20  (0.60,2.39) 

0.613 

Comparison 

407 

18  (4.4) 

Enlisted  Flyer 

Ranch  Hand 

141 

9  (6.4) 

1.23  (0.46,3.28) 

0.684 

Comparison 

155 

8  (5.2) 

Enlisted 

Ranch  Hand 

331 

16(4.8) 

0.89  (0.47,1.68) 

0.710 

Groundcrew 

Comparison 

465 

26  (5.6) 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 

Note:  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985,  1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a  normal 
cranial  nerve  index  in  1985  (see  Chapter  7,  Statistical  Methods). 


(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

JS?  ;f<L 5  5j ''  » ! 

A*  *  ~st 

1985 

(1987 

■RHHER 

Low 

3  (2.0) 

6(4.1) 

9  (6.3) 

13(8.8) 

(148) 

(147) 

(142) 

(148) 

Medium 

5(3.1) 

10  (6.5) 

4  (2.6) 

9(5.7) 

(159) 

(154) 

(155) 

(159) 

High 

5  (3.4) 

5  (3.6) 

9  (6.4) 

7  (4.8) 

(146) 

(140) 

(141) 

(146) 

@Hlt®  1  ’Initial  Dioxin  Category  Summary  Statistics  I !|f£  1 1 

''  \  \  k;  Analysis  Results  for  Log2  (Initial  Dioxin)3  ^  ’ 

rfTvv  r  ?Slf'  Normal  Jin  1985j;j  '■% 

|  Initial  |ff 

n  in  1997  Abnormal  in  1997 

Relative  Risk  j|  ||| 
(95%  CM.)1’ 

Low 

Medium 

High 

0.66  (0.42,1.03) 

0.049 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985,  1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a 
normal  cranial  nerve  index  in  1985  (see  Chapter  7,  Statistical  Methods). 
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Table  11-37.  Longitudinal  Analysis  of  Cranial  Nerve  Index  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Abnormal/(n) 

Examination 

Dioxin  Category 

1985 

Ifliillfl!! 

IfBliilli!  . 

lllllllilllllll 

Comparison 

20  (2.0) 

43  (4.3) 

30  (3.0) 

56  (5.5) 

(1,019) 

(991) 

(987) 

(1,019) 

Background  RH 

17  (5.0) 

14  (4.2) 

17(5.1) 

25  (7.3) 

(343) 

(330) 

(333) 

(343) 

Low  RH 

7  (3.1) 

13  (5.9) 

12  (5.6) 

19  (8.5) 

(224) 

(220) 

(215) 

(224) 

High  RH 

6  (2.6) 

8  (3.6) 

10  (4.5) 

10  (4.4) 

(229) 

(221) 

(223) 

(229) 

Low  plus  High  RH 

13  (2.9) 

21  (4.8) 

22  (5.0) 

29  (6.4) 

(453) 

(441) 

(438) 

(453) 

Normal  in  1985 

Number  (%) 

Adj.  Relative  Risk 

n  in  1997 

Abnormal  in  1997 

(95%  C.I.)“b 

pl!llipi|i|  §  fjgfj 

Comparison 

999 

50  (5.0) 

Background  RH 

326 

19  (5.8) 

1.21  (0.70,2.10) 

0.496 

Low  RH 

217 

15  (6.9) 

1.29  (0.71,2.35) 

0.410 

High  RH 

223 

6(2.7) 

0.54  (0.23,1.29) 

0.167 

Low  plus  High  RH 

440 

21  (4.8) 

0.83  (0.47,1.47) 

0.522 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985, 1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a 
normal  cranial  nerve  index  in  1985  (see  Chapter  7,  Statistical  Methods). 


The  Model  2  longitudinal  analysis  revealed  an  inverse  significant  relation  between  initial  dioxin  and  the 
cranial  nerve  index  (Table  ll-37(b):  Adj.  RR=0.66,  p=0.049).  As  initial  dioxin  increased,  the 
prevalence  of  an  abnormal  cranial  nerve  index  decreased. 

All  results  from  the  Model  3  longitudinal  analysis  of  cranial  nerve  index  were  nonsignificant  (Table  11- 
37(c):  p>0.16  for  each  Model  3  contrast). 
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11.23. 1.2  CNS  Index 


Based  on  participants  with  a  normal  CNS  index  in  1985,  all  results  from  the  longitudinal  analysis  of  the 
CNS  index  for  Models  1  through  3  were  nonsignificant  (Table  1  l-38(a-c):  p>0.20  for  each  analysis). 


Table  11-38.  Longitudinal  Analysis  of  CNS  Index 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

'  f  III®  iliSffli®  ISf  Uil 

i |  Number  (%)  Abnormal/(n)  1 1  j 

mm  1  Examination J § |§  gjtgf  I|§| 

llillllHlIi 

1987 

1992 

All 

Ranch  Hand 

29  (3.5) 

44(5.5) 

39(4.9) 

105  (12.7) 

(826) 

(805) 

(804) 

(826) 

Comparison 

27(2.6) 

45  (4.4) 

50  (4.8) 

128  (12.1) 

(1,060) 

(1,034) 

(1,033) 

(1,060) 

Officer 

Ranch  Hand 

1  (2.2) 

10  (3.2) 

15  (4.8) 

38(11.8) 

(322) 

(316) 

(316) 

(322) 

Comparison 

5(1.2) 

17  (4.2) 

24  (5.8) 

47  (11.2) 

(420) 

(410) 

(413) 

(420) 

Enlisted  Flyer 

Ranch  Hand 

7  (4.8) 

6  (4.2) 

8  (5.6) 

24  (16.4) 

(146) 

(143) 

(144) 

(146) 

Comparison 

7  (4.4) 

5  (3.2) 

2(1.3) 

21  (13.2) 

(159) 

(155) 

(157) 

(159) 

Enlisted  Groundcrew 

Ranch  Hand 

15  (4.2) 

28  (8.1) 

16  (4.7) 

43  (12.0) 

(358) 

(346) 

(344) 

(358) 

Comparison 

15(3.1) 

23  (4.9) 

24  (5.2) 

60(12.5) 

(481) 

(469) 

(463) 

(481) 

ift! 

UlJ;-..  .Group 

:  Number  (%)  ■ 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk  .  j 

'lllawiillr''  ii 

IliWsiSiii 

All 

Ranch  Hand 

797 

90  (11.3) 

1.05  (0.78,1.42) 

0.725 

Comparison 

1,033 

111  (10.8) 

Officer 

Ranch  Hand 

315 

34  (10.8) 

0.99  (0.61,1.59) 

0.955 

Comparison 

415 

45  (10.8) 

Enlisted  Flyer 

Ranch  Hand 

139 

21  (15.1) 

1.59  (0.78,3.24) 

0.201 

Comparison 

152 

15  (9.9) 

Enlisted 

Ranch  Hand 

343 

35  (10.2) 

0.95  (0.60,1.51) 

0.835 

Groundcrew 

Comparison 

466 

51  (10.9) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985,  1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a  normal 
CNS  index  in  1985  (see  Chapter  7,  Statistical  Methods). 
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Table  11-38.  Longitudinal  Analysis  of  CNS  Index  (Continued) 


IllISffillil! 

RANCH  HANDS- 

INITIAL  DIOXIN 

Number  (%)  Abnorma!/(n) 

llilililllililip ; .  i§|| 

1985 

1992 

1997 

Low 

7(4.6) 

4(2.6) 

6  (4.1) 

18(11.8) 

(153) 

(153) 

(148) 

(153) 

Medium 

,  4(2.5) 

8(5.1) 

8  (5.2) 

21  (13.2) 

(159) 

(156) 

(155) 

(159) 

High 

4(2.7) 

10  (6.8) 

4(2.7) 

15  (9.9) 

(151) 

(147) 

(147) 

051) 

Initial  Dioxin  Category  Summary  Statistics 

I 

Analysis  Results  for  Log2  (Initial  Dioxin)*  :| |j||t J 

Normal  in  1985 

Adj.  Relative  Risk 

(95%  C.I.)b  ;  5  UlilUS  1 1  p-Value  j  1 1 1| 

Initial  Number  (%) 

Dioxin  n  in  1997  Abnormal  in  1997 

Low  146  15  (10.3) 

Medium  155  20(12.9) 

High  147  14  (9.5) 

1.13(0.89,1.42)  0.319 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985,  1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a 
normal  CNS  index  in  1985  (see  Chapter  7,  Statistical  Methods). 


(c)MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin  Category 

1987 

1992 

lIBlISHSillliili 

Comparison 

26  (2.5) 

44  (4.4) 

49  (4.9) 

126  (12.2) 

0,031) 

(1,007) 

(1,006) 

(1,031) 

Background  RH 

14  (3.9) 

21  (6.1) 

20  (5.8) 

50  (14.0) 

(357) 

(343) 

(348) 

(357) 

Low  RH 

7(3.1) 

6  (2.6) 

9(4.1) 

24  (10.5) 

(229) 

(227) 

(221) 

(229) 

High  RH 

8  (3.4) 

16  (7.0) 

9  (3.9) 

30(12.8) 

(234) 

(229) 

(229) 

(234) 

Low  plus  High  RH 

15  (3.2) 

22  (4.8) 

18(4.0) 

54(11.7) 

(463) 

(456) 

(450) 

(463) 
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Table  11-38.  Longitudinal  Analysis  of  CNS  Index  (Continued) 


1  f  Dioxin  Category  |  1 1 

n  in  1997 

Normal  in  1985 

Number  (%) 

Adj.  Relative  Risk  • 
(95%  C.r.)ab 

p-Valueb 

Comparison 

1,005 

110(11.0) 

Background  RH 

343 

40(11.7) 

1.07  (0.72,1.58) 

0.749 

Low  RH 

222 

21  (9.5) 

0.76  (0.46,1.25) 

0.279 

High  RH 

226 

28  (12.4) 

1.31  (0.83,2.06) 

0.244 

Low  plus  High  RH 

448 

49  (10.9) 

1.00  (0.69,1.44) 

0.999 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1985,  1987, 
and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1985, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on  participants  with  a 
normal  CNS  index  in  1985  (see  Chapter  7,  Statistical  Methods). 


11.3  DISCUSSION 

The  data  analyzed  in  the  neurological  assessment  can  be  relied  upon  to  detect  the  presence,  if  not  the 
cause,  of  neurological  disease,  including  disorders  of  the  peripheral  nervous  system.  CNS,  cranial,  and 
peripheral  nerve  variables  examined  can  provide  specific  clues  to  the  anatomical  site  of  neurological 
lesions  and  clarify  the  need  for  additional  diagnostic  studies.  Pertinent  to  the  current  study,  the 
neurological  examination  is  highly  sensitive  in  detecting  the  presence  of  peripheral  neuropathy,  a 
suspected  clinical  condition  related  to  herbicide  exposure. 

In  clinical  practice,  it  is  convenient  to  divide  the  neurological  assessment  into  examinations  of  the 
peripheral  and  cranial  nerves.  The  motor  and  sensory  peripheral  nerve  variables  and  the  cranial  nerve 
variables  examined  provide  highly  specific  clues  to  the  anatomic  site  of  neurological  lesions  and  clarify 
which  additional  diagnostic  studies  would  be  most  helpful  in  establishing  a  diagnosis.  As  indices  of  CNS 
function,  tremor  and  coordination  are  less  specific  and  more  subject  to  individual  variation  in  the  absence 
of  underlying  neurological  disease.  Tremor,  for  example,  may  occur  as  a  benign  familial  trait,  may  be 
reflective  of  alcohol  withdrawal,  or  may  be  a  marker  of  extra-pyramidal  motor  system  disease  as  in 
Parkinson's  syndrome.  The  Romberg  sign  may  signal  a  lesion  in  the  cerebellum  but  is  more  often 
indicative  of  impaired  position  sense  in  the  lower  extremities  or  of  inner  ear  disease.  Finally,  the  mental 
status  examination  is  of  obvious  importance  in  the  CNS  assessment  and,  as  in  previous  AFHS 
examinations,  extensive  psychometric  studies  were  conducted  and  are  reported  in  Chapter  12, 

Psychology  Assessment. 

Analysis  of  inflammatory  diseases  confirmed  by  a  medical  records  review  found  a  significant  excess 
among  Ranch  Hands  (n=7  or  0.8%)  relative  to  Comparisons  (n=l  or  0.1%).  Of  the  seven  Ranch  Hands 
with  inflammatory  diseases,  three  (42.9%)  had  meningitis  caused  by  bacterial  infections.  The  single 
Comparison  with  an  inflammatory  disease  had  encephalitis  of  unknown  cause,  suggesting  that  this 
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finding  is  unrelated  to  herbicide  or  dioxin  exposure.  Consistent  with  the  1987  and  1992  examinations, 
Ranch  Hands  with  low  and  high  levels  of  categorized  dioxin  were  more  likely  than  Comparisons  to 
develop  other  neurological  disorders,  although  the  associations  were  not  significant  after  adjustment  for 
covariates.  Similar  results  were  noted  with  respect  to  1987  serum  dioxin  levels.  Although  the 
prevalence  of  peripheral  neurological  disorders  established  by  a  medical  records  review  was  similar  in 
Ranch  Hands  and  Comparisons  (21.8%  and  19.3%,  respectively),  there  was  evidence  for  an  association 
with  dioxin  levels  in  two  of  the  models.  Ranch  Hands  in  the  low  plus  high  dioxin  category  were  at 
significantly  greater  risk  than  Comparisons  (25.1%  versus  19.3%,  respectively),  a  contrast  that  remained 
marginally  significant  after  adjustment  for  covariates.  Further,  in  both  the  unadjusted  and  adjusted 
analyses,  a  significant  positive  association  was  noted  between  the  occurrence  of  peripheral  disorders  and 
1987  dioxin  levels. 

With  one  exception,  no  significant  associations  were  noted  in  the  analyses  of  any  of  the  directly 
measured  physical  examination  variables.  Ranch  Hands  were  significantly  more  likely  than  Comparisons 
to  develop  restricted  range  of  motion  at  the  neck,  a  common  occurrence  in  any  aging  population  and  one 
that  is  usually  related  to  osteoarthritis  of  the  cervical  spine  rather  than  any  primary  neurological  cause. 
Across  occupational  strata,  the  contrast  was  significant  only  in  the  enlisted  flyer  category.  Ranch  Hands 
with  low  and  high  levels  of  categorized  dioxin  were  at  significantly  greater  risk  for  the  development  of 
restricted  neck  range  of  motion. 

Only  one  of  the  analyses  of  peripheral  motor  and  sensory  nerve  function  yielded  significant  group 
differences.  By  inspection  and  palpation,  Ranch  Hands  were  more  likely  than  Comparisons  to  have 
abnormalities  of  muscle  mass  (4.5%  versus  3.0%,  respectively)  particularly  in  the  enlisted  groundcrew 
occupational  category  (4.3%  versus  2.1%),  even  after  adjustment  for  covariates.  In  none  of  the 
individual  analyses  was  there  any  significant  associations  with  1987  serum  dioxin  levels,  nor  were  any 
group  differences  detected  in  the  analyses  of  CNS  coordination  variables. 

Significant  group  differences  were  found  in  three  of  the  four  composite  polyneuropathy  indices  described 
earlier  in  this  chapter.  Ranch  Hands  were  significantly  more  likely  than  Comparisons  to  have 
abnormalities  in  the  confirmed  polyneuropathy  index  (1.4%  versus  0.6%),  the  polyneuropathy  severity 
index  of  moderate  degree  (2.6%  versus  1.1%),  and  the  multiple  polyneuropathy  index  (5.0%  versus 
3.2%).  In  each  case,  Ranch  Hands  in  the  high  dioxin  category  were  at  a  significantly  greater  risk  for 
abnormal  scores  than  Comparisons;  the  prevalence  of  abnormalities  increased  as  initial  dioxin  increased. 

Longitudinal  analyses  conducted  during  12  years  of  observation  yielded  no  significant  differences 
between  the  Ranch  Hand  and  Comparison  cohorts,  nor  was  there  any  evidence  for  dose  responses  with 
respect  to  either  initial  or  1987  dioxin  levels. 

Dependent  variable-covariate  analyses  confirmed  associations  with  age  and  diabetes  that  are  well 
established.  Diabetes  was  by  far  the  strongest  covariate  and  significantly  associated  with  neurological 
disease  historically,  on  physical  examination,  and  as  assessed  by  all  of  the  composite  indices. 
Associations  with  alcohol  were  sporadic  and  less  prominent  than  during  previous  AFHS  examinations. 

In  summary,  in  contrast  to  previous  examinations,  the  history  of  neurological  disease  now  appears 
significantly  greater  in  Ranch  Hands  than  Comparisons  historically  (diseases  of  inflammatory  origin  and 
peripheral  disorders),  on  physical  examination  (restriction  of  range  of  motion),  and  as  reflected  in  several 
of  the  composite  indices  described  above.  Further,  the  associations  of  neck  range  of  motion  with 
categorized  dioxin  and  a  history  of  peripheral  disorders  with  1987  dioxin  provide  evidence  of  an 
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association  of  neurological  disease  with  prior  exposure  to  dioxin.  The  results  of  the  analysis  of  the 
polyneuropathy  indices  also  provide  support  of  an  association  between  dioxin  and  neurological  disease. 


11.4  SUMMARY 

Four  neurological  disorders,  which  were  verified  by  a  medical  records  review,  and  extensive  physical 
examination  data  on  cranial  nerve  function,  peripheral  nerve  status,  and  CNS  coordination  processes 
were  analyzed  in  the  neurological  assessment.  Each  endpoint  was  examined  for  a  significant  association, 
both  unadjusted  and  adjusted  for  covariates,  with  group  (Model  1),  initial  dioxin  (Model  2),  categorized 
dioxin  (Model  3),  and  1987  dioxin  levels  (Model  4).  Summaries  of  the  Model  1  through  4  analyses  are 
tabled  and  discussed  below,  with  emphasis  on  significant  findings  from  the  adjusted  analysis. 

11.4.1  Model  1:  Group  Analysis 

The  prevalence  of  inflammatory  diseases,  a  restricted  neck  range  of  motion,  and  a  moderate 
polyneuropathy  severity  index  was  significantly  greater  for  Ranch  Hands  than  for  Comparisons  when 
combining  all  occupations.  Significantly  more  Comparisons  than  Ranch  Hands  had  an  abnormal  light 
reaction.  Other  neurological  disorders,  the  multiple  polyneuropathy  index,  the  confirmed  polyneuropathy 
index,  and  muscle  status  showed  a  marginally  significant  increase  in  all  Ranch  Hands  relative  to 
Comparisons.  No  significant  differences  were  observed  between  Ranch  Hand  and  Comparison  officers. 
The  neck  range  of  motion  and  moderate  polyneuropathy  severity  index  results  were  significant  or 
marginally  significant  in  the  contrast  of  Ranch  Hand  and  Comparison  enlisted  flyers.  The  confirmed 
polyneuropathy  indicator  and  muscle  status  results  were  significant  or  marginally  significant  in  the 
enlisted  groundcrew.  Table  1 1-39  displays  the  Model  1  results  of  all  unadjusted  and  adjusted  analyses. 


Table  11-39.  Summary  of  Group  Analysis  (Model  1)  for  Neurology  Variables  (Ranch  Hands  vs. 
Comparisons) 


l"4  $  £  . 

-Officer- ',M 

Enlisted 

^  | 1  Enlisted  >  ,;j  | 

Medical  Records 

Inflammatory  Diseases 

+0.006 

NS 

NS 

NS 

Hereditary  and  Degenerative  Diseases 

NS 

NS 

NS 

ns 

Peripheral  Disorders 

NS 

NS 

NS 

NS 

Other  Neurological  Disorders 

NS* 

NS 

NS 

NS 

Physical  Examination 

Smell 

NS 

ns 

NS* 

NS 

Visual  Fields 

ns 

ns 

ns 

ns 

Light  Reaction 

-0.007 

ns 

ns 

ns 

Ocular  Movement 

NS 

ns 

NS 

NS 

Facial  Sensation 

NS 

NS 

ns 

NS 

Jaw  Clench 

NS 

NS 

— 

— 

Smile 

NS 

ns 

NS 

NS 

Palpebral  Fissure 

ns 

ns 

NS 

NS 

Balance 

NS 

NS 

ns 

ns 

Speech 

ns 

ns 

ns 

ns 

Tongue  Position  Relative  to  Midline 

NS 

NS 

-- 

-- 

Palate  and  Uvula  Movement 

NS 

NS 

— 

— 
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Table  11-39.  Summary  of  Group  Analysis  (Model  1)  for  Neurology  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


Ifc  UNADJUSTED 

Variable 

E'iiHll! 

Officer 

Enlisted 
|  |  j|  Flyer 

Enlisted 

Cranial  Nerve  Index 

NS 

ns 

NS 

NS 

Neck  Range  of  Motion 

+0.016 

NS 

+0.009 

NS 

Pinprick 

NS 

NS 

NS 

ns 

Light  Touch 

NS 

NS 

NS 

ns 

Muscle  Status 

NS* 

NS 

NS 

NS* 

Patellar  Reflex 

ns 

NS 

ns* 

NS 

Achilles  Reflex 

NS 

NS 

NS 

NS 

Biceps  Reflex 

NS 

NS 

NS 

NS 

Babinski  Reflex 

ns 

NS 

ns 

ns 

Polyneuropathy  Severity  Index 

Moderate  vs.  None/Mild 

+0.015 

NS 

NS* 

NS 

Severe  vs.  None/Mild 

NS 

NS 

— 

NS 

Polyneuropathy  Prevalence  Index 

NS 

NS 

ns 

NS 

Multiple  Polyneuropathy  Index 

+0.046 

NS 

NS 

NS 

Confirmed  Polyneuropathy  Indicator 

NS* 

ns 

NS* 

NS* 

Tremor 

ns 

NS 

NS 

ns 

Coordination 

ns 

NS 

ns 

ns 

Romberg  Sign 

NS 

NS 

ns 

ns 

Gait 

NS 

NS 

NS 

NS 

CNS  Index 

NS 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

-:  Relative  risk  <1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater. 

A  lowercase  “ns” 

denotes  a  relative  risk  less  than 

1.00. 

-  '  •  •  •  •  ■  '  •  .  ■  V  '■ 

\  X $bi:: .'L ;§ 5j 

iigi! |i§||ii|§||  •  |yj|| 

wmmmm  i 

3^1  Enlisted  v 

!'4".  Enlisted^' 

Y>r  Variable  |f 

All  :  ;  v 

|  Officer 

itf fi-i 

Medical  Records 

Inflammatory  Diseases 

+0.002 

— 

— 

NS 

Hereditary  and  Degenerative  Diseases 

NS 

NS 

NS 

ns 

Peripheral  Disorders 

NS 

NS 

ns 

NS 

Other  Neurological  Disorders 

NS* 

NS 

NS 

NS 

Physical  Examination 

Smell 

NS 

ns 

NS 

NS 

Visual  Fields 

ns 

— 

ns 

ns 

Light  Reaction 

-0.010 

— 

ns 

— 

Ocular  Movement 

NS 

ns 

NS 

NS 

Facial  Sensation 

NS 

NS 

— 

- 

Jaw  Clench 

— 

— 

__ 

— 

Smile 

NS 

ns 

— 

NS 

Palpebral  Fissure 

ns 

ns 

ns 

ns 
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Table  11-39.  Summary  of  Group  Analysis  (Model  1)  for  Neurology  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


V  ,  i  ’  $  ;  "  ; ;  ’  ' 

js|j||'E)iiUsted .  | ;  jj  - 

HI  If!  Flyer 

Enlisted 
Grpundcrew ; 

Balance 

NS 

NS 

_ 

ns 

Speech 

ns 

ns 

— 

ns 

Tongue  Position  Relative  to  Midline 

— 

— 

— 

Palate  and  Uvula  Movement 

— 

— 

__ 

Cranial  Nerve  Index 

NS 

ns 

NS 

NS 

Neck  Range  of  Motion 

+0.015 

NS 

+0.016 

NS 

Pinprick 

NS 

NS 

NS 

ns 

Light  Touch 

NS 

NS 

NS 

ns 

Muscle  Status 

NS* 

ns 

NS 

+0.046 

Patellar  Reflex 

ns 

NS 

ns* 

NS 

Achilles  Reflex 

NS 

NS 

ns 

NS 

Biceps  Reflex 

NS 

NS 

NS 

NS 

Babinski  Reflex 

ns 

NS 

ns 

ns 

Polyneuropathy  Severity  Index 

Moderate  vs.  None/Mild 

+0.020 

NS 

NS* 

NS 

Severe  vs.  None/Mild 

NS 

— 

— 

NS 

Polyneuropathy  Prevalence  Index 

ns 

NS 

ns 

NS 

Multiple  Polyneuropathy  Index 

NS* 

NS 

NS 

NS 

Confirmed  Polyneuropathy  Indicator 

NS* 

ns 

— 

NS* 

Tremor 

ns 

NS 

NS 

ns 

Coordination 

ns 

NS 

ns 

ns 

Romberg  Sign 

NS 

NS 

— 

ns 

Gait 

NS 

NS 

NS 

NS* 

CNS  Index 

ns 

NS 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

+:  Relative  risk  >1.00. 

-:  Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 

1.00. 


1 1.4.2  Model  2:  Initial  Dioxin  Analysis 

Table  1 1-40  summarizes  the  results  from  the  Model  2  analyses.  Several  positive  and  significant 
associations  between  the  neurological  variables  and  initial  dioxin  were  found  in  adjusted  analyses.  In 
assessing  the  cranial  nerve  function,  abnormal  visual  fields  increased  as  initial  dioxin  increased.  The 
assessment  of  measures  of  peripheral  nerve  status  showed  a  significant  or  marginally  significant  positive 
association  between  initial  dioxin  and  the  patellar  and  Achilles  reflexes.  An  association  between  all  four 
polyneuropathy  indices  and  dioxin  was  observed.  The  moderate  classification  of  the  polyneuropathy 
severity  index,  the  polyneuropathy  prevalence  index,  the  multiple  polyneuropathy  index,  and  the 
confirmed  polyneuropathy  indicator  were  all  significant  and  positively  associated  with  initial  dioxin. 


11-121 


Table  11-40.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Neurology  Variables 
(Ranch  Hands  Only) 


Ulltm?:  Unadjusted : .  '|?||||^| 

Adjusted 

Medical  Records 

Inflammatory  Diseases 

NS 

ns 

Hereditary  and  Degenerative  Diseases 

NS 

NS 

Peripheral  Disorders 

NS 

NS 

Other  Neurological  Disorders 

NS 

ns 

Physical  Examination 

Smell 

ns 

ns 

Visual  Fields 

+0.040 

+0.049 

Light  Reaction 

- 

- 

Ocular  Movement 

ns 

ns 

Facial  Sensation 

ns 

ns 

Jaw  Clench 

ns 

ns 

Smile 

NS 

NS 

Palpebral  Fissure 

NS 

NS 

Balance 

NS 

NS 

Speech 

ns 

ns* 

Tongue  Position  Relative  to  Midline 

ns 

ns 

Palate  and  Uvula  Movement 

ns 

ns 

Cranial  Nerve  Index 

ns 

ns 

Neck  Range  of  Motion 

ns* 

ns 

Pinprick 

NS 

NS 

Light  Touch 

ns 

NS 

Muscle  Status 

ns 

ns 

Patellar  Reflex 

NS 

+0.019 

Achilles  Reflex 

NS 

NS* 

Biceps  Reflex 

ns 

ns 

Babinski  Reflex 

ns 

NS 

Polyneuropathy  Severity  Index 

Moderate  vs.  None/Mild 

NS 

+0.042 

Severe  vs.  None/Mild 

ns 

ns 

Polyneuropathy  Prevalence  Index 

NS 

+0.029 

Multiple  Polyneuropathy  Index 

NS* 

+0.004 

Confirmed  Polyneuropathy  Indicator 

+0.033 

+0.008 

Tremor 

NS 

NS 

Coordination 

ns 

NS 

Romberg  Sign 

NS 

NS 

Gait 

NS 

NS 

CNS  Index 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 

1.00. 
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1 1.4.3  Model  3:  Categorized  Dioxin  Analysis 

Results  from  the  Model  3  analyses  of  the  neurology  variables  are  presented  in  Table  11-41.  Each 
significant  or  marginally  significant  result  from  the  Model  3  adjusted  analyses  displayed  more  Ranch 
Hands  than  Comparisons  with  a  neurological  abnormality.  The  adjusted  analysis  of  inflammatory 
diseases  displayed  significant  results  for  all  levels  of  categorized  dioxin.  Results  for  peripheral  disorders 
showed  a  marginally  significant  increased  prevalence  in  the  low  plus  high  Ranch  Hand  dioxin  category 
after  adjustment  for  covariates.  Neck  range  of  motion  was  significantly  greater  for  Ranch  Hands  in  the 
low,  high,  and  low  plus  high  dioxin  categories  than  for  Comparisons.  An  increased  prevalence  of  an 
abnormal  muscle  status  was  observed  in  the  low  and  low  plus  high  Ranch  Hand  dioxin  categories.  A 
marginally  significant  increase  in  an  abnormal  biceps  reflex  also  was  found  for  Ranch  Hands  in  the  low 
dioxin  category.  The  polyneuropathy  severity  index  showed  an  increase  in  the  moderate  classification  of 
severity  for  Ranch  Hands  in  the  low,  high,  and  low  plus  high  dioxin  categories.  An  increase  in  the  severe 
classification  of  the  polyneuropathy  index  was  found  for  Ranch  Hands  in  the  low  plus  high  dioxin 
category.  Significant  results  also  were  found  for  Ranch  Hands  in  the  high  dioxin  category  for  the 
multiple  polyneuropathy  index  and  the  confirmed  polyneuropathy  indicator.  The  prevalence  of  an 
abnormal  confirmed  polyneuropathy  indicator  was  significantly  greater  for  the  low  plus  high  Ranch  Hand 
dioxin  category  than  for  Comparisons. 


Table  11-41.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Neurology  Variables  (Ranch 
Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

Background 
Ranch  Hands 
vs.  Comparisons 

•V  JEdw 

Ranch  Hands 
vs.  Comparisons 

High 

Ranch  Hands 
vs.  Comparisons 

I^ow  plus  High 
Ranch  Hands 
vs.  Comparisons 

Medical  Records 

Inflammatory  Diseases 

NS* 

NS* 

NS* 

+0.035 

Hereditary  and  Degenerative  Diseases 

NS 

NS 

NS 

NS 

Peripheral  Disorders 

ns 

+0.033 

NS* 

+0.014 

Other  Neurological  Disorders 

ns 

+0.023 

+0.005 

+0.001 

Physical  Examination 

Smell 

NS 

NS 

NS 

NS 

Visual  Fields 

ns 

ns 

ns 

ns 

Light  Reaction 

ns 

ns 

ns 

ns* 

Ocular  Movement 

ns 

NS 

NS 

NS 

Facial  Sensation 

NS 

NS 

ns 

NS 

Jaw  Clench 

NS 

NS 

__ 

NS 

Smile 

NS 

NS 

•  NS 

NS 

Palpebral  Fissure 

NS 

ns 

ns 

ns 

Balance 

NS 

ns 

ns 

ns 

Speech 

ns 

NS 

ns 

ns 

Tongue  Position  Relative  to  Midline 

NS 

NS 

— 

NS 

Palate  and  Uvula  Movement 

— 

NS 

— 

NS 

Cranial  Nerve  Index 

NS 

NS 

ns 

NS 

Neck  Range  of  Motion 

NS 

+0.002 

NS 

+0.003 

Pinprick 

NS 

NS 

NS* 

NS 

Light  Touch 

NS 

NS 

NS 

NS 

Muscle  Status 

NS 

+0.021 

NS 

+0.033 

Patellar  Reflex 

ns 

NS 

NS 

NS 

Achilles  Reflex 

ns 

NS 

NS 

NS 

Biceps  Reflex  . 

ns 

+0.029 

NS 

NS 
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Table  11-41.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Neurology  Variables 
(Ranch  Hands  vs.  Comparisons)  ( Continued ) 


UNADJUSTED 


Variable 

Background 
RanchHands 
vs.  Comparisons 

Low 

Ranch  Hands 
vs.  Comparisons  1 

High 

|||  Ranch  Hands  1 1 

^l^vSrnqparii^ttsv'." 

Low  plus  High 
Ranch  Hands 
vs.  Comparisons 

Babinski  Reflex 

NS 

ns 

ns 

ns 

Polyneuropathy  Severity  Index 
Moderate  vs.  None/Mild 

NS 

+0.032 

+0.042 

+0.011 

Severe  vs.  None/Mild 

NS 

NS* 

NS 

NS* 

Polyneuropathy  Prevalence  Index 

ns 

NS 

NS 

NS 

Multiple  Polyneuropathy  Index 

NS 

NS 

+0.018 

+0.042 

Confirmed  Polyneuropathy  Indicator 

NS 

NS 

+0.017 

+0.047 

Tremor 

NS 

ns 

ns 

ns 

Coordination 

NS 

ns 

ns 

ns 

Romberg  Sign 

NS 

ns 

ns 

ns 

Gait 

NS 

ns 

NS 

NS 

CNS  Index 

NS 

ns 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

+:  Relative  risk  >1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 

1.00. 


ADJUSTED 


Variable 

K||;;'Badkgrdimd'-;V. 

Ranch  Hands 
vs.  Comparisons 

;  Low : 
RanchHands 
vs.  Comparisons 

liiliPPI 

Srappl  High 
|  Ranch  Hands 

Medical  Records 

Inflammatory  Diseases 

+0.029 

+0.035 

+0.047 

+0.024 

Hereditary  and  Degenerative  Diseases 

NS 

ns 

NS 

ns 

Peripheral  Disorders 

ns 

NS 

NS 

NS* 

Other  Neurological  Disorders 

NS 

NS 

NS 

NS 

Physical  Examination 

Smell 

NS 

NS 

ns 

NS 

Visual  Fields 

ns 

-- 

ns 

__ 

Light  Reaction 

ns 

— 

— 

— 

Ocular  Movement 

NS 

NS 

NS 

NS 

Facial  Sensation 

NS 

NS 

— 

~ 

Jaw  Clench 

— 

— 

— 

__ 

Smile 

NS 

NS 

NS 

NS 

Palpebral  Fissure 

ns 

ns 

ns 

ns 

Balance 

NS 

ns 

ns 

ns 

Speech 

NS 

NS 

— 

— 

Tongue  Position  Relative  to  Midline 

— 

— 

— 

— 

Palate  and  Uvula  Movement 

_ 

_ 

_ 

_ 
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Table  11-41.  Summary  of  Categorized  Dioxin  Analysis  (Modei  3)  for  Neurology  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 

|j  Background  § ; 

vs.  Comparisons 

Low 

Ranch  Hands 
vs.  Comparisons 

ys.  Comparisons 

1 1  Ranch  Hands 
vs.  Comparisons 

Cranial  Nerve  Index 

NS 

NS 

ns 

ns 

Neck  Range  of  Motion 

NS 

+0.010 

+0.028 

+0.002 

Pinprick 

NS 

ns 

NS 

NS 

Light  Touch 

NS 

NS 

NS 

NS 

Muscle  Status 

NS 

NS* 

NS 

NS* 

Patellar  Reflex 

ns 

ns 

NS 

NS 

Achilles  Reflex 

ns 

ns 

NS 

NS 

Biceps  Reflex 

ns 

NS* 

NS 

NS 

Babinski  Reflex 

NS 

ns 

ns 

ns 

Polyneuropathy  Severity  Index 
Moderate  vs.  None/Mild 

NS 

NS* 

+0.024 

+0.014 

Severe  vs.  None/Mild 

NS 

NS 

NS 

NS* 

Polyneuropathy  Prevalence  Index 

ns 

ns 

NS 

NS 

Multiple  Polyneuropathy  Index 

NS 

ns 

+0.016 

NS 

Confirmed  Polyneuropathy  Indicator 

ns 

NS 

+0.007 

+0.047 

Tremor 

NS 

ns 

ns 

ns 

Coordination 

NS 

ns 

ns 

ns 

Romberg  Sign 

NS 

ns 

ns 

ns 

Gait 

NS 

ns 

NS 

NS 

CNS  Index 

NS 

ns 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05<p<0. 10). 

+:  Relative  risk  >1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
P- value  given  if  p<0.05. 


A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 

1.00. 


1 1.4.4  Model  4:  1987  Dioxin  Analysis 

Significant  positive  associations  were  found  between  1987  dioxin  and  peripheral  disorders,  the  moderate 
classification  of  the  polyneuropathy  severity  index,  and  the  confirmed  polyneuropathy  indicator.  A 
marginally  significant  positive  association  between  the  polyneuropathy  prevalence  index  and  1987  dioxin 
was  found.  Complete  Model  4  analysis  results  are  presented  in  Table  11-42. 


Table  11-42.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Neurology  Variables  (Ranch 

Hands  Only) 

Unadjusted 

Adjusted 

Medical  Records 

Inflammatory  Diseases 

ns 

ns 

Hereditary  and  Degenerative  Diseases 

ns 

ns 

Peripheral  Disorders 

+0.010 

+0.011 

Other  Neurological  Disorders 

+0.038 

ns 

Physical  Examination 

Smell 

ns 

ns 

Visual  Fields 

NS 

NS 

Light  Reaction 

ns 

ns 

Ocular  Movement 

NS 

ns 

Facial  Sensation 

ns 

ns 

Jaw  Clench 

ns 

NS 

Smile 

NS 

ns 

Palpebral  Fissure 

NS 

NS 

Balance 

ns 

ns 

Speech 

ns 

ns 

Tongue  Position  Relative  to  Midline 

ns 

NS 

Palate  and  Uvula  Movement 

NS 

NS 

Cranial  Nerve  Index 

ns 

ns 

Neck  Range  of  Motion 

NS 

NS 

Pinprick 

NS 

NS 

Light  Touch 

NS 

NS 

Muscle  Status 

NS 

ns 

Patellar  Reflex 

NS 

NS 

Achilles  Reflex 

NS 

NS 

Biceps  Reflex 

NS 

NS 

Babinski  Reflex 

ns* 

ns 

Polyneuropathy  Severity  Index 

Moderate  vs.  None/Mild 

+0.024 

+0.013 

Severe  vs.  None/Mild 

NS 

NS 

Polyneuropathy  Prevalence  Index 

NS 

NS* 

Multiple  Polyneuropathy  Index 

NS 

NS 

Confirmed  Polyneuropathy  Indicator 

+0.002 

+0.003 

Tremor 

ns 

ns 

Coordination 

ns 

ns 

Romberg  Sign 

ns 

ns 

Gait 

NS 

ns 

CNS  Index 

ns 

ns 
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Table  11-42.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Neurology  Variables  (Ranch 
Hands  Only)  (Continued) 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lowercase  “ns”  denotes  a  relative  risk  less  than 

1.00. 


11.5  CONCLUSION 

Four  neurological  disorders  and  extensive  physical  examination  data  on  cranial  nerve  function, 
peripheral  nerve  status,  and  CNS  coordination  processes  were  analyzed  in  the  neurological  assessment. 
Inflammatory  diseases  verified  by  a  medical  records  review  found  a  significant  excess  among  Ranch 
Hands  (n=7)  relative  to  Comparisons  (n=l);  however,  three  of  the  seven  Ranch  Hand  diseases  were 
caused  by  bacterial  infections,  suggesting  that  this  finding  is  unrelated  to  herbicide  or  dioxin  exposure. 
Peripheral  disorders,  as  verified  by  a  medical  records  review,  increased  in  Ranch  Hands  as  levels  of  1987 
dioxin  increased.  Neck  range  of  motion  abnormalities  were  increased  in  Ranch  Hands  relative  to 
Comparisons  in  terms  of  both  a  group  designation  and  categorized  dioxin  levels.  The  increase  in 
abnormalities  for  Ranch  Hands  relative  to  Comparisons  was  noted  in  enlisted  flyers.  An  increase  in  the 
risk  of  an  abnormal  muscle  status  was  observed  in  Ranch  Hand  enlisted  groundcrew.  A  significant 
association  between  initial  dioxin  and  both  visual  field  and  patellar  reflex  abnormalities  was  observed. 
Indices  of  polyneuropathy  showed  an  increase  in  the  prevalence  of  abnormality  in  Ranch  Hands  relative 
to  Comparisons  and  a  positive  association  with  initial  and  1987  dioxin  levels.  The  clinical  importance  of 
the  increased  risk  of  polyneuropathy  is  uncertain  due  to  the  small  number  of  affected  veterans. 

In  summary,  although  a  common  etiology  in  these  findings  is  not  apparent,  a  statistically  significant 
increase  in  neurological  disease  appears  in  Ranch  Hands  historically,  on  physical  examination,  and  as 
reflected  in  several  of  the  composite  polyneuropathy  indices.  Further,  the  associations  of  neck  range  of 
motion  abnormalities  with  categorized  dioxin  and  a  history  of  peripheral  disorders  with  1987  dioxin 
provide  evidence  of  an  association  of  neurological  disease  with  elevated  dioxin  levels.  The  results  of  the 
analysis  of  the  polyneuropathy  indices  also  provide  support  of  an  association  between  elevated  dioxin 
levels  and  neurological  disease;  however,  the  clinical  importance  of  this  finding  is  uncertain. 
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12  PSYCHOLOGICAL  ASSESSMENT 


12.1  INTRODUCTION 

12.1.1  Background 

Signs  of  dioxin  toxicity  in  animals  (e.g.,  lethargy,  stupor,  poor  coordination,  lack  of  feeding,  and 
agitation)  have  been  observed  in  multiple  studies  in  many  species  and  have  been  attributed  to  the 
“wasting  syndrome”  of  multi-organ  toxicity  rather  than  to  primary  central  nervous  system  (CNS) 
involvement  (1).  Pharmacokinetic  studies  in  rats  (2),  mice  (3),  and  monkeys  (4)  have  demonstrated  that 
the  blood  brain  barrier  is  relatively  impermeable  to  dioxin,  and  experimental  animal  studies,  therefore, 
provide  little  insight  into  the  potential  neuropsychological  consequences  of  dioxin  in  humans. 

In  rats  exposed  to  high  doses  of  dioxin  (1,000  micrograms  intraperitoneally),  only  slight  differences  were 
noted  in  spontaneous  motor  activity  and  maze  performance  relative  to  controls  (5).  A  more  recent  study 
from  the  same  laboratory  found  no  neurobehavioral  impairment  in  rats  given  a  sublethal  dose  of  dioxin 
sufficient  to  cause  the  wasting  syndrome  (6).  Experiments  in  monkeys  have  documented  subtle 
behavioral  dysfunction  and  cognitive  impairment  consequent  to  dioxin  exposure  in  utero  (7-10). 

Using  chloracne  as  a  marker  for  high-level  dioxin  exposure,  early  studies  of  industrial  chemical  workers 
provided  the  first  suggestion  of  associated  psychological  effects.  Studies  shortly  after  a  Nitro,  West 
Virginia,  accident  in  1949  documented  nervousness,  fatigue,  irritability,  cold  intolerance,  and  decreased 
libido  in  many  of  the  workers  with  chloracne.  Most  of  these  symptoms  resolved  over  a  4-year  period  (11, 
12).  Two  follow-up  studies  of  expanded  plant  cohorts  in  1979  noted  a  strong  association  between  the 
occurrence  of  chloracne  and  insomnia  (13,  14). 

Other  industrial-based  studies  reported  a  wide  range  of  acute  and  subacute  symptoms  associated  with 
exposure  to  chlorophenols.  In  addition  to  those  cited  above,  impotence,  reduced  emotional  responses, 
sensory  deficits,  reading  difficulties,  memory  loss,  and  emotional  instability  have  been  described  (15-20). 
Employing  the  Minnesota  Multiphasic  Personality  Inventory  (MMPI),  one  early  study  of  chemical 
production  workers  found  an  association  between  the  development  of  chloracne  and  hypomania  and  a 
significantly  increased  incidence  of  personality  disorders  in  those  most  heavily  exposed  (19).  Another 
report  described  marked  personality  changes  in  two  of  three  chemists  involved  in  the  synthesis  of  dioxin 
(20).  Yet  another  study  of  55  Czechoslovakian  workers  found  a  significant  incidence  of  anxiety  and 
depression  and  of  dementia  associated  with  encephalopathy  (7  percent)  and  neurasthenia  (75  percent). 
Over  a  10-year  follow-up  period,  all  symptoms  of  anxiety  and  depression  had  resolved  (18). 

Neuropsychiatric  testing  was  included  in  the  medical  evaluations  reported  in  two  studies  of  155  trailer 
park  residents  exposed  to  dioxin  by  contaminated  soil  in  Quail  Run,  Missouri  (21,  22).  Relative  to 
controls,  exposed  subjects  had  variations  from  the  normal  in  the  tension  or  anxiety  and  anger  or  hostility 
scales  of  the  Profile  of  Mood  States  Inventory  as  well  as  in  the  vocabulary  subtest  of  the  Wechsler  Adult 
Intelligence  Scale  (WAIS).  No  significant  group  differences  in  cognitive  function  were  noted  and,  given 
the  confounding  role  of  the  situational  stress  associated  with  exposure,  the  abnormalities  noted  could  not 
be  attributed  to  dioxin. 

As  one  of  the  few  epidemiological  studies  in  humans  to  incorporate  serum  dioxin  data  into  psychometric 
analyses,  the  National  Institute  for  Occupational  Safety  and  Health’s  study  of  chemical  plant  workers 
deserves  special  mention  (23).  This  cross-sectional  study  of  281  workers  in  two  industrial  plants 
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investigated  the  association  between  exposure  to  chemicals  (including  dioxin)  and  symptoms  of 
depression  revealed  by  a  battery  of  psychological  screening  tests  (the  Beck  Depression  Inventory  and  the 
depression  subscale  of  the  Symptom  Checklist-90-Revised  [SCL-90-R]).  The  mean  serum  dioxin  level  in 
the  exposed  cohort  was  220  parts  per  trillion  (ppt)  versus  6  ppt  in  referents.  By  both  scales,  the 
prevalence  of  depression  was  comparable  in  each  group.  Of  interest  and  consistent  with  numerous  other 
reports,  the  self-perception  of  dioxin  exposure  was  significantly  associated  with  depressive  symptoms, 
although  the  mean  serum  dioxin  level  in  those  thought  to  have  been  exposed  (43  ppt)  was  significantly 
lower  than  that  in  the  group  reporting  no  such  exposure  (116  ppt). 

The  association  between  psychological  symptoms  and  reported  herbicide  exposure  during  military  service 
in  Vietnam  has  been  the  subject  of  numerous  studies.  In  one  Veterans’  Administration  study  of  153 
veterans,  a  subgroup  of  58  subjects  reporting  moderate  to  high  herbicide  exposure  was  compared  to  the 
remaining  95  patients  reporting  no  or  minimal  exposure.  After  covariate  adjustment,  the  self-reported 
exposed  group  had  scores  on  the  MMPI  that  indicated  depression,  poor  morale,  organic  symptoms,  family 
problems,  and  hypomania  (24).  Similar  conclusions  were  reached  in  a  more  recent  study  of  7,924  United 
States  Army  veterans  whose  reported  exposure  to  herbicides  was  a  powerful  predictor  of  a  broad 
spectrum  of  negative  mental  and  physical  health  outcomes  (25). 

Another  large-scale  study  of  6,810  Vietnam  veterans  who  belong  to  the  American  Legion  found  that, 
although  perceived  exposure  to  herbicides  could  not  independently  predict  psychosocial  outcomes,  it  was 
associated  with  such  outcomes  when  combined  with  combat,  indicating  that  a  synergistic  effect  may  have 
occurred  (26). 

Further  evidence  that  service  in  Vietnam  may  be  associated  with  psychological  morbidity  independent  of 
exposure  to  herbicides  is  presented  in  the  Vietnam  Experience  Study,  conducted  by  the  United  States 
Centers  for  Disease  Control  and  Prevention  (27).  This  report,  which  included  comprehensive 
psychological  testing  but  did  not  include  serum  dioxin  measurements,  revealed  an  increased  incidence  of 
psychological  dysfunction  related  to  service  in  Vietnam,  including  depression  (4.5  percent  of  Vietnam 
veterans  versus  3.2  percent  in  non-Vietnam  veterans),  anxiety  (4.9  percent  versus  3.2  percent, 
respectively),  and  alcohol  abuse  or  dependence  (13.7  percent  versus  9.2  percent,  respectively). 

Prior  reports  of  the  Air  Force  Health  Study  (AFHS)  have  revealed  few  statistically  significant  differences 
in  the  psychological  indices  between  the  Ranch  Hand  and  Comparison  cohorts  (28-30).  In  the  1987 
examinations,  Ranch  Hands  demonstrated  a  greater  level  of  depression,  manifested  more  physical 
complaints  (somatization),  and  felt  more  health-related  anxiety  than  Comparisons  (30). 

1 2. 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
12. 1.2. 1  1982  Baseline  Study  Summary  Results 

An  extensive  battery  of  psychological  parameters  was  assessed  on  all  participants  during  the  1982 
baseline  questionnaire  and  as  part  of  the  physical  examination  process.  There  were  no  questionnaire 
differences  for  past  history  of  emotional  or  psychological  illnesses  between  the  Ranch  Hand  and 
Comparison  groups.  For  the  psychological  indices  of  fatigue,  anger,  erosion  of  skills,  anxiety,  and 
severity  of  depression  (as  determined  by  a  modification  of  the  Diagnostic  Interview  Schedule),  no  group 
differences  were  detected  among  the  college-educated  Ranch  Hands.  For  the  high  school-educated 
stratum.  Ranch  Hands  demonstrated  significantly  more  fatigue,  anger,  erosion  of  skills,  and  anxiety.  An 
unadjusted  analysis  of  reported  depression  showed  significantly  more  depression  in  the  Ranch  Hands,  as 
did  the  isolation  index  adjusted  for  educational  level. 
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At  the  time  of  the  physical  examination,  additional  data  were  collected  with  the  Cornell  Index  (Cl)  and 
the  MMPI.  The  CNS  functional  testing  was  conducted  by  a  modified  Halstead-Reitan  Battery  (HRB)  and 
intelligence  was  measured  by  the  WAIS. 

The  Cl  showed  a  significant  increase  in  psychophysiological  symptoms  in  the  high  school-educated 
Ranch  Hands.  MMPI  results  in  the  high  school-educated  participants  showed  Ranch  Hand  mean  values 
significantly  increased  in  the  scales  of  denial,  hypochondria,  masculinity-femininity,  and  mania- 
hypomania  as  contrasted  to  the  college-educated  participants.  The  social  introversion  scale  was 
significantly  decreased  in  the  college-educated  Ranch  Hands.  The  effect  of  education  was  influential 
(p<0.01)  in  all  scales  of  the  MMPI.  None  of  the  self-reported  data,  including  those  from  the  in-home 
questionnaire,  was  adjusted  for  possible  group  differences  in  post-traumatic  stress  disorder  (PTSD)  or 
combat  experience  and  intensity. 

Performance  testing  by  the  HRB  showed  no  neuropsychiatric  impairment  in  the  Ranch  Hands  in  contrast 
to  the  results  of  the  self-administered  MMPI  and  the  Cl.  The  effect  of  education  on  the  HRB  testing  was 
strong  (pcO.OOOl).  WAIS  intelligence  scores  revealed  group  similarities  in  the  full-scale  and  verbal  and 
performance  scales.  As  expected,  the  intelligence  quotient  (IQ)  of  college  graduates  was  significantly 
higher  than  the  IQ  of  high  school  graduates. 

12.1.2.2  1985  Follow-up  Study  Summary  Results 

Two  of  the  psychological  tests  (MMPI,  HRB)  conducted  at  the  1982  baseline  examination  were  repeated 
at  the  first  follow-up  examination  in  1985.  An  updated  history  of  mental  and  emotional  disorders  and 
combat  experience  in  Vietnam  also  was  obtained  on  all  participants.  An  indicator  of  PTSD  was  derived 
from  a  new  MMPI  subscale  and  was  used  for  covariate  adjustments  of  non-MMPI  psychological  data. 

The  Cornell  Medical  Index  (CMI)  was  substituted  for  the  Cl  in  the  1985  psychological  assessment. 
Questionnaire  data  (verified  by  a  medical  records  review)  for  the  lifetime  events  of  psychotic  illness, 
alcohol  dependence,  anxiety,  or  other  neuroses  disclosed  no  significant  differences  between  groups  for 
these  conditions. 

The  group  distributions  for  the  14  MMPI  variables,  each  stratified  by  the  three  occupational  categories, 
were  examined.  Two  of  the  42  tests  approached  statistical  significance  (psychopathic  deviate  for  enlisted 
flyers  and  mania/hypomania  for  officers).  Ranch  Hand  enlisted  flyers  had  a  lower  mean  than  Comparison 
enlisted  flyers,  and  Ranch  Hand  officers  had  a  higher  mean  than  Comparison  officers.  The  group 
distributions  of  the  total  CMI  score  were  similarly  contrasted,  with  separate  analyses  performed  with 
stratification  by  the  five  covariates  of  age,  race,  occupation,  education,  and  current  alcohol  drinking 
status.  For  one  stratum  of  each  of  these  covariates  (bom  in  or  after  1942,  non-Black,  enlisted 
groundcrew,  high  school  education,  and  current  alcohol  drinker),  a  significant  difference  in  the 
distribution  of  the  Ranch  Hand  and  Comparison  scores  was  found.  In  all  cases  for  the  CMI,  the  Ranch 
Hand  mean  was  greater  than  the  Comparison  mean. 

The  unadjusted  analyses  showed  a  significant  difference  for  the  MMPI  scales  of  denial  (pcO.OOl)  and 
masculinity-femininity  (p=0.017),  the  total  CMI  (pcO.OOl),  and  the  Section  A-H  area  subscore  (p=0.003). 
A  marginally  significant  difference  was  observed  for  the  MMPI  scales  of  hysteria  (p=0.067)  and  social 
introversion  (p=0.069).  Comparisons  had  a  greater  percentage  of  abnormal  scores  for  the  denial  and 
masculinity-femininity  scales,  whereas  Ranch  Hands  showed  adverse  findings  for  the  total  CMI,  the 
Section  A-H  area  subscore,  hysteria,  and  social  introversion. 

The  adjusted  analyses  were  generally  similar  to  the  unadjusted  analyses  with  respect  to  group  differences. 
The  MMPI  scales  of  denial  and  masculinity-femininity  were  statistically  significant  in  both  the  adjusted 
and  unadjusted  analyses,  where  Comparisons  showed  an  adverse  effect  over  Ranch  Hands.  The  A-H 
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subscore  of  the  CMI  (suggesting  diffuse  medical  problems)  also  was  significant,  where  Ranch  Hands  had 
higher  mean  scores  than  Comparisons,  suggesting  that  Ranch  Hands  had  more  illness.  The  M-R  subscore 
of  the  CMI,  a  broad  indicator  of  emotional  health,  was  not  statistically  different  between  the  two  groups. 

The  HRB  impairment  index,  a  measure  of  CNS  functional  integrity,  did  not  differ  significantly  between 
the  Ranch  Hand  and  Comparison  groups.  Strong  covariates  in  the  adjusted  analysis  were  age,  race,  and 
education. 

Because  of  alternate  statistical  models  and  slightly  different  psychological  testing  parameters,  a  direct 
contrast  between  the  psychological  results  of  the  baseline  and  1985  follow-up  examinations  was  not 
always  possible.  Several  broad  patterns  were  observed:  the  discordance  between  distributional  tests  and 
results  from  traditional  statistical  models  of  the  MMPI  variables  was  noted  with  data  from  both 
examinations;  there  was  a  narrowing  of  group  differences  at  the  1985  follow-up  examination  for  most 
variables,  either  by  a  decrease  in  Ranch  Hand  reporting  or  by  an  increase  in  Comparison  reporting;  and  as 
at  the  baseline  examination,  functional  CNS  testing,  as  measured  by  the  HRB  impairment  index,  showed 
no  group  differences  and  did  not  support  an  organic  basis  for  differences  in  self-reported 
symptomatology.  The  longitudinal  analysis  of  two  MMPI  scales — depression  and  denial — showed  a 
significant  reversal  of  depression  seen  at  the  baseline  examination  in  the  high  school-educated  Ranch 
Hands.  The  number  of  depression  abnormalities  decreased  in  Ranch  Hands  and  increased  in 
Comparisons. 

The  determination  of  PTSD  in  both  Air  Force  cohorts  by  a  relatively  new  MMPI  scale  showed  a 
prevalence  rate  of  less  than  1  percent.  This  low  rate  was  strongly  influenced  by  characteristics  of  the 
study  population  (e.g.,  age,  education,  and  military  occupation). 

In  conclusion,  significant  test  results  were  present  in  both  groups  or  were  noted  in  specific  subgroups  of  a 
covariate.  Educational  level,  age,  and  alcohol  use  showed  strong  effects  on  the  psychological  scales  and 
scores  in  this  psychological  assessment.  Tests  of  the  CNS  by  the  HRB  demonstrated  a  similar  prevalence 
of  abnormality  in  both  groups.  Ranch  Hands  exhibited  an  increased  mean  A-H  subscore  of  the  CMI, 
suggesting  they  had  more  illness  than  Comparisons. 

12.1.2.3  1987  Follow-up  Study  Summary  Results 

The  psychological  assessment  was  based  on  verified  psychological  disorders,  reported  sleep  disorders, 
and  two  clinical  psychological  tests,  the  SCL-90-R  and  the  Millon  Clinical  Multiaxial  Inventory  (MCMI). 
The  verified  data  on  lifetime  psychological  disorders  showed  no  group  differences  for  psychoses,  drug 
dependence,  and  anxiety.  Marginally  more  Ranch  Hands  than  Comparisons  had  a  verified  history  of 
alcohol  dependence  and  other  neuroses  based  on  unadjusted  analyses.  The  Ranch  Hands  reported 
experiencing  great  or  disabling  fatigue  during  the  day  and  talking  in  their  sleep  more  frequently  than  the 
Comparisons.  No  group  differences  were  detected  in  the  other  13  sleep  disorder  variables  in  the 
unadjusted  analyses.  Although  no  significant  differences  between  the  Ranch  Hands  and  the  Comparisons 
were  found  in  the  unadjusted  analyses  of  the  12  SCL-90-R  variables,  the  Ranch  Hands  had  marginally 
more  abnormalities  than  the  Comparisons  for  depression,  somatization,  and  an  index  of  the  general 
severity  of  symptoms.  The  results  of  the  unadjusted  analyses  of  the  MCMI  scores  revealed  that  the  Ranch 
Hands  had  significantly  higher  mean  antisocial  and  paranoid  scores  than  the  Comparisons.  Marginally 
significant  differences  were  identified  on  the  narcissistic  and  psychotic  delusion  scores,  where  the  mean 
score  of  the  Ranch  Hands  exceeded  that  of  the  Comparisons.  After  adjustment  for  the  covariates,  a 
significant  increase  in  the  Ranch  Hand  mean  remained  on  the  narcissistic  score.  The  Comparisons  had  a 
significantly  higher  mean  dependent  score  than  the  Ranch  Hands. 
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12. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

In  general,  the  results  of  the  analyses  of  the  verified  psychological  disorders,  reported  sleep  disorders,  and 
the  SCL-90-R  variables  did  not  reveal  significant  associations  with  initial  dioxin  or  current  dioxin  and 
time  since  tour  of  duty  or  find  significant  differences  among  the  four  current  dioxin  categories.  In 
contrast,  several  of  the  analyses  of  the  MCMI  variables  displayed  significant  results.  There  was  a  lack  of 
consistency  across  similar  variables  included  in  the  SCL-90-R,  MCMI,  and  reported  information.  In 
conclusion,  the  body  burden  of  dioxin  did  not  appear  to  be  related  to  psychological  or 
psychophysiological  disorders. 

12.1.2.5  1992  Follow-up  Study  Summary  Results 

The  psychological  assessment  was  based  on  verified  psychological  disorders  and  the  SCL-90-R. 
Differences  in  the  SCL-90-R  inventory  variables  were  found  between  Ranch  Hand  and  Comparison 
groups.  Variables  revealing  significant  or  marginally  significant  differences  in  adjusted  analyses  were 
other  neuroses,  SCL-90-R  anxiety,  SCL-90-R  hostility,  SCL-90-R  obsessive-compulsive  behavior, 
SCL-90-R  paranoid  ideation,  SCL-90-R  somatization,  and  SCL-90-R  global  severity  index.  These 
differences  were  observed  when  combining  participants  across  all  occupations.  All  significant  results 
showed  a  greater  percentage  of  Ranch  Hands  than  Comparisons  that  had  a  history  of  other  neuroses  or 
high  (adverse)  SCL-90-R  scores.  Many  unadjusted  analyses  of  the  psychological  endpoints  showed 
associations  with  dioxin,  but  the  results  became  nonsignificant  when  the  analyses  were  adjusted  for 
relevant  co  variates. 

A  marginally  significant  association  between  initial  dioxin  and  the  prevalence  of  high  SCL-90-R 
psychoticism  scores  was  observed  in  adjusted  analyses,  with  the  percentage  of  high  SCL-90-R 
psychoticism  scores  increasing  as  initial  dioxin  increased.  The  same  pattern  and  marginally  significant 
association  was  observed  with  initial  dioxin  and  high  SCL-90-R  global  severity  index  scores.  Most  of  the 
significant  results  in  the  adjusted  analysis  of  the  association  between  the  psychological  endpoints  and 
categorized  dioxin  were  from  the  contrasts  of  Ranch  Hands  in  the  background  dioxin  category  with 
Comparisons.  These  differences  between  Ranch  Hands  in  the  background  dioxin  category  and 
Comparisons  were  found  in  the  analysis  of  the  SCL-90-R  obsessive-compulsive  behavior,  paranoid 
ideation,  and  somatization  scores.  The  analysis  also  revealed  that  Ranch  Hands  in  the  background 
category  had  a  larger  percentage  of  high  SCL-90-R  scores  than  did  Comparisons.  The  adjusted  analysis 
of  categorized  dioxin  also  showed  a  significant  increase  in  the  percentage  of  Ranch  Hands  in  the  high 
dioxin  category  with  a  high  SCL-90-R  anxiety  score  over  Comparisons.  In  the  analyses  of  current  dioxin, 
a  significant  inverse  association  between  whole  weight  current  dioxin,  adjusted  for  total  lipids,  and  a 
history  of  alcohol  dependence  was  observed. 

1 2. 1 , 3  Parameters  for  the  1 997  Psychological  Assessment 

12.1.3.1  Dependent  Variables 

Data  collected  through  the  SCL-90-R  were  used  in  the  psychological  assessment  (31).  In  addition, 
psychological  disorders,  as  verified  through  a  medical  records  review,  were  used  to  supplement  the 
psychological  evaluation  for  the  1997  follow-up. 

12. 1.3. 1. 1  Medical  Records  Data 

At  the  health  interview  during  the  1997  examination,  each  participant  was  asked  whether  he  had  a  mental 
or  emotional  disorder  since  the  date  of  his  last  interview.  Reported  disorders  for  which  treatment  was 
obtained  were  subsequently  verified  by  a  review  of  medical  records.  Information  on  verified 
psychological  disorders  from  the  1997  examination  was  combined  with  information  on  verified  disorders 


12-5 


from  the  baseline  and  1985,  1987,  and  1992  follow-up  examinations,  and  a  series  of  dependent  variables 
regarding  verified  history  of  psychological  disorders  was  created.  In  particular,  the  verified  histories  of 
psychoses  (International  Classification  of  Diseases,  9th  revision,  Clinical  Modification  [ICD-9-CM] 
codes  290.0-298.9),  alcohol  dependence  (ICD-9-CM  codes  303.00-303.93),  drug  dependence  (ICD-9- 
CM  codes  304.00-304.93),  anxiety  (ICD-9-CM  codes  300.00-300.09),  and  other  neuroses  (ICD-9-CM 
codes  300. 10-302.9,  305.00-305.03,  305.20-309.9,  and  3 1 1)  were  studied. 

Participants  with  a  verified  pre-Southeast  Asia  (SEA)  history  of  a  psychological  disorder  were  excluded 
from  the  analyses  pertaining  to  that  disorder.  In  addition,  participants  who  tested  positive  for  the  human 
immunodeficiency  virus  (HIV)  were  excluded  from  all  analyses  of  these  variables. 

12.1.3.1.2  Physical  Examination  Data 

The  SCL-90-R,  used  by  the  AFHS  at  the  1987  and  1992  follow-up  examinations,  was  used  again  in  the 
psychological  assessment.  The  SCL-90-R  is  a  multidimensional  self-reported  symptom  inventory  that 
measures  symptomatic  psychological  distress  in  terms  of  nine  primary  symptom  dimensions.  The  nine 
dimensions  are  anxiety,  depression,  hostility,  interpersonal  sensitivity,  obsessive-compulsive  behavior, 
paranoid  ideation,  phobic  anxiety,  psychoticism,  and  somatization.  Each  participant  was  asked  to  respond 
to  90  questions  in  terms  of  the  following  5-point  scale:  0=not  at  all,  l=a  little  bit,  2=moderately,  3=quite 
a  bit,  and  4~extremely.  Responses  were  grouped  into  the  nine  primary  symptom  categories,  and  a  raw 
score  for  a  participant  for  a  category  was  determined  by  adding  the  scores  of  the  answered  questions  in 
that  category  and  dividing  by  the  number  of  answered  questions  in  that  category.  The  raw  scores  were 
then  converted  to  T-scores  (reference  scores  for  a  given  population  norm)  for  analysis. 

The  SCL-90-R  also  measures  distress  using  three  global  indices:  global  severity  index  (GSI),  positive 
symptom  total  (PST),  and  positive  symptom  distress  index  (PSDI).  The  GSI  is  defined  as  the  sum  of  the 
scores  of  all  answered  questions  divided  by  the  number  of  answered  questions  on  the  entire  test.  This 
index  combines  information  on  the  number  of  symptoms  and  the  intensity  of  distress.  The  PST  is  the 
number  of  questions  to  which  the  participant  responds  positively  (i.e.,  on  the  5-point  scale,  responses  1,  2, 
3,  or  4).  The  PSDI  is  determined  by  adding  the  scores  of  all  answered  questions  and  dividing  by  the  PST. 
This  index  describes  the  intensity  of  the  positive  symptoms.  Each  of  these  indices  also  was  converted  to  a 
T-score. 

The  T-scores  for  the  nine  primary  symptom  dimensions  and  the  three  global  indices  were  then  classified 
as  high  or  normal,  where  high  was  defined  as  a  T-score  of  63  or  greater.  All  participants  were  included  in 
the  analyses  of  the  nine  primary  symptom  dimensions  and  the  three  global  indices  of  distress,  including 
those  participants  who  responded  “not  at  all”  to  all  90  questions.  Participants  who  tested  positive  for  HIV 
were  excluded  from  the  analysis  of  the  SCL-90-R  variables. 

12.1.3.2  Covariates 

Covariates  examined  in  the  adjusted  statistical  analyses  of  the  psychological  assessment  included  age, 
race,  military  occupation,  education  level  (high  school,  college),  current  alcohol  use  (drinks/day),  lifetime 
alcohol  history  (drink-years),  current  total  household  income,  current  employment  (yes,  no),  current 
marital  status  (married,  not  married),  and  current  parental  status  (currently  having  a  child  under  the  age  of 
18:  yes,  no).  Age,  race,  and  military  occupation  were  determined  from  military  records.  Current  total 
household  income  information  was  collected  in  the  questionnaire  in  categories  with  $5,000  increments, 
between  $5,000  and  $100,000.  The  midpoint  of  each  category  was  used  as  the  current  total  household 
income,  with  $102,500  used  for  the  $100,000  or  more  category.  Educational  level,  current  employment, 
current  parental  status,  and  current  marital  status  were  all  based  on  self-reported  information  from  the 
questionnaire. 


12-6 


Lifetime  alcohol  history  was  based  on  information  from  the  1997  questionnaire  and  combined  with 
similar  information  gathered  at  the  1987  and  1992  follow-up  examinations.  Each  participant  was  asked 
about  his  drinking  patterns  throughout  his  lifetime.  When  a  participant’s  drinking  patterns  changed,  he 
was  asked  to  describe  how  his  alcohol  consumption  differed  and  the  duration  of  time  that  the  drinking 
pattern  lasted.  The  participant’s  average  daily  alcohol  consumption  was  determined  for  each  of  the 
reported  drinking  pattern  periods  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total 
number  of  drink-years  was  derived.  One  drink-year  was  the  equivalent  of  drinking  1 .5  ounces  of  an  80- 
proof  alcoholic  beverage,  one  12-ounce  beer,  or  one  5-ounce  glass  of  wine  per  day  for  1  year.  Current 
alcohol  use  was  based  on  the  average  number  of  drinks  per  day  during  the  month  prior  to  completing  the 
questionnaire.  These  alcohol  covariates  were  not  used  in  adjusted  analyses  of  alcohol  dependence. 

The  covariates  current  total  household  income,  current  employment,  current  marital  status,  and  current 
parental  status  were  used  in  the  analysis  of  dependent  variables  based  on  medical  records  data  (psychoses, 
alcohol  dependence,  drug  dependence,  anxiety,  and  other  neuroses).  Although  these  dependent  variables 
capture  a  history  of  the  condition,  and  the  covariates  described  above  were  based  on  the  current  status  of  a 
participant’s  life,  the  co variates  were  used  as  surrogate  information  to  describe  the  participant’s  life 
experience.  In  addition,  lifetime  alcohol  history  was  used  as  a  covariate  for  these  dependent  variables, 
but  current  alcohol  use  was  not  used.  Current  alcohol  use  reflected  a  participant’s  alcohol  use  only  in  the 
month  prior  to  the  physical  examination.  The  lifetime  alcohol  history  covariate  was  used  to  investigate 
the  cumulative  lifetime  effects  of  alcohol  use. 

12. 1 .4  Statistical  Methods 


Table  12-1  summarizes  the  statistical  analyses  performed  for  the  1997  psychological  assessment.  The 
first  part  of  this  table  lists  the  dependent  variables  analyzed,  data  source,  data  form,  cutpoints,  covariates, 
and  statistical  analysis  methods.  The  second  part  of  this  table  provides  a  description  of  covariates 
examined.  A  covariate  was  used  in  its  continuous  form  whenever  possible  for  all  adjusted  analyses;  if  the 
covariate  is  inherently  discrete  (e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop 
measures  of  association  with  the  dependent  variables,  the  co  variate  was  categorized  as  shown  in  Table 
12-1.  Table  12-2  provides  a  summary  of  the  number  of  participants  with  missing  dependent  variable  and 
covariate  data.  In  addition,  the  number  of  participants  excluded  because  of  medical  conditions  is  given. 


Table  12-1.  Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


|35|  j  Source 

Covariates® 

;ftj&aly,slslan<f 

Psychoses 

MR-V 

D 

Yes 

(1) 

(a) 

U:LR 

No 

A:LR 

Alcohol  Dependence 

MR-V 

D 

Yes 

(2) 

(a) 

U:LR 

No 

A:LR 

Drug  Dependence 

MR-V 

D 

Yes 

(i) 

(a) 

U:LR,CS 

No 

A:LR 

Anxiety 

MR-V 

D 

Yes 

(i) 

(a) 

U:LR 

No 

A:LR 

Other  Neuroses 

MR-V 

D 

Yes 

(1) 

(a) 

U:LR 

No 

A:LR 
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Table  12-1.  Statistical  Analysis  for  the  Psychological  Assessment  (Continued) 


Variable  (Units) 

Data 

llppltj 

Hi  Cutpoints 

Covariates® 

Exclusions'5 

j|.  Statistical. 
Analysis  and 
Methods 

SCL-90-R  Anxiety 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Depression 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Hostility 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Interpersonal 

Sensitivity 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R 

Obsessive-Compulsive  Behavior 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Paranoid  Ideation 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Phobic  Anxiety 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Psychoticism 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Somatization 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Global 

Severity  Index  (GSI) 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Positive 

Symptom  Total  (PST) 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

SCL-90-R  Positive 

Symptom  Distress  Index  (PSDI) 

PE 

D 

High:  T>63 
Normal:  T<63 

(3) 

(b) 

U:LR 

A:LR 

aCo  variates: 

(1) :  age,  race,  military  occupation,  education,  lifetime  alcohol  history,  current  total  household  income,  current 
employment,  current  marital  status,  current  parental  status. 

(2) :  age,  race,  military  occupation,  education,  current  total  household  income,  current  employment,  current  marital 
status,  current  parental  status. 

(3) :  age,  race,  military  occupation,  education,  current  alcohol  use,  lifetime  alcohol  history,  current  total  household 
income,  current  employment,  current  marital  status,  current  parental  status. 

Exclusions: 

(a) :  participants  with  a  pre-SEA  history  of  the  disorder,  participants  testing  positive  for  HIV. 

(b) :  participants  testing  positive  for  HIV. 

Covariates 


Variable  (Units)  Data  Source  Data  Form  Cutpoints 


Age  (years) 

MIL 

D/C 

Bom  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 
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Table  12-1.  Statistical  Analysis  for  the  Psychological  Assessment  (Continued) 


Variable  (Units) 

IfjflJ  Swirce IS 

Data  Form 

Outpoints 

Education 

Q-SR 

D 

College 

High  School 

Current  Alcohol  Use  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 

Lifetime  Alcohol  History  (drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Current  Total  Household  Income  (dollars) 

Q-SR 

D/C 

<$65,000 

>$65,000 

Current  Employment 

Q-SR 

D 

Yes 

No 

Current  Marital  Status 

Q-SR 

D 

Married 

Not  Married 

Current  Parental  Status 

Q-SR 

D 

Child  <18  years  old 

No  child  <18  years  old 

Abbreviations 


Data  Source:  MIL:  Air  Force  military  records 

MR-V:  Medical  records  (verified) 

PE:  1997  Psychological  examination 
Q-SR:  Health  questionnaires  (self-reported) 

Data  Form:  D:  Discrete  analysis  only 

D/C:  Appropriate  form  for  analysis  (either  discrete  or  continuous) 


Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 


Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 
LR:  Logistic  regression  analysis 


Table  12-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Psychological 
Assessment 


Variable  '  OH 

;  I  Variable! 

Ranch 

:-'>:Qt«iq>Srison  O'1 

Initial  [S- 

mm 

SCL-90-R  Categories  and 
Indices 

DEP 

1 

0 

1 

I 

1 

0 

Education 

COV 

1 

0 

0 

i 

1 

0 

Current  Alcohol  Use 

COV 

1 

0 

0 

i 

1 

0 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 
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Table  12-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Psychological 
Assessment  (Continued) 


Dioxin  ..  j. :  : 

Group  (Ranch  Hands  Only)  Categorized  Dioxin 


Variable 

Illiill! 

Ranch 

Hand 

Comparison 

Initial 

1987 

- .  Ranch  ¥ 

Comparison 

Current  Total  Household 

COV 

9 

15 

4 

9 

9 

14 

Income 

Current  Employment 

COV 

1 

0 

0 

1 

1 

0 

Current  Marital  Status 

COV 

1 

0 

0 

1 

1 

0 

Current  Parental  Status 

COV 

1 

0 

0 

1 

1 

0 

Pre-SEA  Alcohol  Dependence 

EXC 

0 

1 

0 

0 

0 

1 

Pre-SEA  Anxiety 

EXC 

4 

3 

2 

4 

4 

3 

Pre-SEA  Other  Neuroses 

EXC 

12 

9 

5 

12 

12 

9 

HIV  Positive 

EXC 

3 

2 

3 

3 

3 

2 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


12.2  RESULTS 

1 2.2. 1  Dependent  Variable-Co  variate  Associations 

The  psychological  dependent  variables  were  tested  for  significant  association  with  each  of  the  covariates 
used  within  the  adjusted  analyses.  The  results  are  presented  in  Appendix  F,  Table  F-4.  These 
associations  are  pairwise  between  the  dependent  variable  and  the  co variate  and  are  not  adjusted  for  any 
other  covariates.  Participants  with  a  verified  pre-SEA  history  of  a  psychological  disorder  were  excluded 
from  the  analyses  pertaining  to  that  disorder.  In  addition,  participants  who  tested  positive  for  HIV  were 
excluded  from  all  analyses.  A  brief  summary  of  the  pattern  of  dependent  variable-co variate  associations 
is  contained  in  the  following  paragraphs.  This  brief  description  is  followed  by  a  more  detailed  description 
of  significant  covariate  associations  with  each  dependent  variable. 

The  psychological  dependent  variables  each  displayed  significant  associations  with  several  of  the 
covariates.  For  each  significant  association  with  age,  the  greater  percentage  of  high  SCL-90-R  scores  was 
among  the  younger  participants.  Race  was  found  marginally  significant  with  only  two  of  the  dependent 
variables,  drug  dependence  and  SCL-90-R  paranoid  ideation.  Each  association  displayed  the  greater 
percentage  of  high  scores  among  the  Black  participants.  Occupation  showed  a  significant  association 
with  all  dependent  variables  except  drug  dependence.  Officers  consistently  displayed  the  lowest 
percentage  of  psychological  problems.  Associations  with  education  generally  were  significant.  Each 
association  displayed  the  higher  prevalence  of  a  psychological  disorder  or  the  greater  percentage  of  high 
SCL-90-R  scores  among  participants  with  only  a  high  school  education. 

Current  alcohol  use  was  significantly  or  marginally  significantly  associated  with  most  of  the  psychology 
dependent  variables.  For  each  association,  the  largest  percentage  of  high  SCL-90-R  scores  was  among 
the  heaviest  current  drinkers  (in  terms  of  drinks  per  day),  followed  by  the  lightest  current  drinkers.  The 
results  were  similar  for  lifetime  alcohol  history.  Current  total  household  income  and  current  marital 
status  were  significantly  associated  with  most  of  the  psychological  dependent  variables.  Each  of  these 
associations  for  both  covariates  displayed  a  greater  percentage  of  abnormalities  among  participants  with  a 
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lower  income  or  among  unmarried  participants.  A  significant  association  with  current  employment  was 
found  for  alcohol  dependence  and  SCL-90-R  somatization.  Unemployed  participants  had  a  greater 
percentage  of  alcohol  dependence  and  high  somatization  scores  than  did  employed  participants.  The 
current  parental  status  covariate  was  significantly  associated  with  alcohol  dependence.  A  larger 
percentage  of  participants  with  no  child  less  than  18  years  old  had  a  history  of  alcohol  dependence  than 
participants  with  a  child  less  than  18  years  old. 

A  significant  association  between  a  history  of  psychoses  and  occupation  (p=0.032)  was  found.  Enlisted 
flyers  displayed  the  highest  proportion  of  history  of  psychoses  (5.0%).  Psychoses  was  also  significantly 
associated  with  current  total  household  income  (p=0.010)  and  current  marital  status  (p=0.001).  The 
prevalence  of  psychoses  decreased  as  income  rose  and  was  increased  among  unmarried  participants 
(7.8%). 

A  history  of  alcohol  dependence  was  significantly  associated  with  occupation  (p=0.014).  The  highest 
percentage  of  participants  with  alcohol  dependence  was  among  enlisted  flyers  (8.9%),  followed  by 
enlisted  groundcrew  (7.9%)  and  officers  (4.9%).  Current  total  household  income  also  displayed  a 
significant  association  with  alcohol  dependence  (p=0.001).  Participants  with  lower  incomes  were 
dependent  on  alcohol  more  often  than  those  participants  with  higher  incomes  (8.8%  vs.  5.0%).  In 
addition,  alcohol  dependence  was  significantly  associated  with  current  employment  (p=0.039),  current 
marital  status  (p=0.001),  and  current  parental  status  (p=0.009).  The  higher  prevalence  of  alcohol 
dependence  history  was  among  those  participants  not  currently  employed  (8.5%),  not  currently  married 
(14.4%),  or  those  without  a  child  under  the  age  of  18  (7.5%). 

Current  marital  status  was  the  only  co variate  found  significantly  associated  with  a  history  of  drug 
dependence  (p=0.008).  The  higher  percentage  of  drug  dependence  was  among  participants  who  were 
currently  unmarried  (1.1%). 

A  history  of  anxiety  showed  significant  associations  with  occupation  (p=0.001),  education  (p=0.001), 
current  total  household  income  (p=0.001),  and  current  marital  status  (p=0.001).  Enlisted  groundcrew 
showed  the  highest  percentage  of  anxiety  (33.9%),  followed  by  enlisted  flyers  (30.9%)  and  officers 
(17.3%).  Participants  with  only  a  high  school  education,  in  the  lower  income  category,  or  who  were  not 
married  had  the  higher  percentages  of  anxiety  (31.3%,  32.8%,  and  34.0%,  respectively). 

Tests  of  association  between  covariates  and  a  history  of  other  neuroses  revealed  several  significant 
results.  The  association  with  occupation  (p=0.001)  showed  that  enlisted  flyers  had  the  highest  proportion 
of  other  neuroses  (61.4%),  followed  by  enlisted  groundcrew  (60.1%)  and  officers  (43.7%).  Education 
also  displayed  a  significant  association  with  other  neuroses  (p=0.001).  Participants  with  only  a  high 
school  education  displayed  the  higher  percentage  of  other  neuroses  (60.9%).  The  significant  lifetime 
alcohol  history  association  (p=0.001)  showed  62.8  percent  of  the  heaviest  drinkers  (in  terms  of  drink- 
years)  with  other  neuroses,  followed  by  50.9  percent  of  participants  who  did  not  drink,  and  50.2  percent 
in  the  moderate  lifetime  drinking  category.  The  association  with  current  total  household  income 
(p=0.001)  showed  that  the  percentage  of  participants  with  other  neuroses  decreased  as  the  income  level 
increased.  The  association  with  current  marital  status  found  62.9  percent  of  unmarried  participants  with 
history  of  other  neuroses,  compared  to  51.9  percent  of  those  married  (p=0.001). 

The  SCL-90-R  anxiety  scores  were  significantly  associated  with  occupation  (p=0.001),  education, 
(p=0.001),  lifetime  alcohol  history  (p=0.009),  current  total  household  income  (p=0.001),  and  current 
marital  status  (p=0.028).  The  enlisted  groundcrew  stratum  displayed  the  largest  percentage  of 
participants  with  a  high  SCL-90-R  anxiety  score  (14.3%),  followed  by  enlisted  flyers  (13.4%)  and 
officers  (5.0%).  High  SCL-90-R  anxiety  scores  were  greater  among  high  school-educated  participants 
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(14.1%)  compared  to  those  who  were  college-educated  (7.5%).  High  anxiety  scores  were  most  prevalent 
in  the  heaviest  lifetime  drinkers  (13.7%),  followed  by  non-drinkers  (11.0%)  and  moderate  lifetime 
drinkers  (9.1%).  Participants  in  the  lower  income  category  and  those  not  married  displayed  the  greater 
percentages  of  high  SCL-90-R  anxiety  scores  (14.5%  and  13.8%,  respectively). 

The  significant  covariate  associations  with  the  SCL-90-R  depression  score  were  found  with  age 
(p=0.040),  occupation  (p=0.001),  education  (p=0.001),  current  alcohol  use  (p=0.023),  lifetime  alcohol  use 
(p=0.001),  current  total  household  income  (p=0.001),  and  current  marital  status  (p=0.002).  High 
depression  scores  were  more  prevalent  among  younger  participants  (16.8%)  and  greatest  among  the 
enlisted  groundcrew  (19.3%).  High  school-educated  participants  displayed  more  high  depression  scores 
(19.4%)  than  college-educated  participants  (1 1.2%).  Participants  currently  drinking  the  most  had  the 
largest  percentage  of  high  depression  scores  (28.0%).  Similarly,  participants  with  a  lifetime  history  of 
drinking  the  most  had  largest  percentage  of  high  SCL-90-R  depression  scores  (19.4%).  The  percentage  of 
high  SCL-90-R  depression  scores  decreased  as  income  level  increased.  The  significant  association  with 
current  marital  status  showed  more  high  depression  scores  among  unmarried  participants  (20.3%). 

SCL-90-R  hostility  scores  were  significantly  associated  with  age  (p=0.038),  occupation  (p=0.001), 
education  (p=0.001),  current  alcohol  use  (p=0.024),  lifetime  alcohol  use  (p=0.004),  and  current  total 
household  income  (p=0.001).  The  prevalence  of  high  SCL-90-R  hostility  scores  decreased  as  age 
increased  and  was  greatest  for  enlisted  groundcrew  (1 1.2%).  High  hostility  scores  were  more  prevalent 
among  high  school-educated  participants  (11.3%)  than  among  college-educated  participants  (5.4%). 
Analysis  of  current  alcohol  use  showed  that  the  heaviest  drinkers  had  the  largest  prevalence  of  high 
hostility  scores  (18.0%).  The  percentage  of  high  hostility  scores  increased  as  the  number  of  drink-years 
increased  within  the  examination  of  lifetime  alcohol  history  (3.4%,  7.4%,  and  10.9%  for  non-drinkers, 
moderate  drinkers,  and  heavy  drinkers,  respectively).  The  association  with  current  total  household 
income  showed  the  greater  percentage  of  high  hostility  scores  among  participants  in  the  lower  income 
category  (10.6%). 

Association  tests  between  the  SCL-90-R  interpersonal  sensitivity  scores  and  age,  occupation,  education, 
current  total  household  income,  and  current  marital  status  were  each  significant  (p=0.020,  p=0.001, 
p=0.001,  p=0.001,  and  p=0.023,  respectively).  Of  the  younger  participants,  17.3  percent  had  high 
interpersonal  sensitivity  scores,  compared  to  13.6  percent  for  the  older  participants.  The  percentage  of 
high  scores  was  largest  for  enlisted  groundcrew  and  enlisted  flyers  (20.4%  and  19.0%,  respectively). 
Participants  with  at  most  a  high  school  education  had  almost  twice  the  percentage  of  high  SCL-90-R 
interpersonal  sensitivity  scores  than  college-educated  participants  (20.4%  vs.  10.8%).  Examination  of 
current  total  household  income  and  current  marital  status  showed  the  greater  percentages  of  high 
interpersonal  sensitivity  scores  among  participants  in  the  lower  income  category  (20.0%)  and  among 
those  who  were  not  married  (19.2%). 

SCL-90-R  obsessive-compulsive  behavior  scores  were  significantly  associated  with  occupation 
(p=0.001),  education  (p=0.001),  lifetime  alcohol  history  (p=0.002),  and  current  total  household  income 
(p=0.001).  Enlisted  flyers  displayed  the  greatest  prevalence  of  high  obsessive-compulsive  scores 
(20.5%).  Participants  with  at  most  a  high  school  education  had  the  greater  percentage  of  high  scores 
(19.7%),  compared  to  college-educated  participants  (1 1.8%).  Participants  who  were  the  heaviest  lifetime 
drinkers  displayed  the  largest  proportion  of  high  obsessive-compulsive  behavior  scores  (19.8%).  The 
association  with  current  total  household  income  showed  the  larger  percentage  of  high  SCL-90-R 
obsessive-compulsive  scores  among  participants  with  lower  incomes  (20.8%),  compared  to  9.8  percent 
for  participants  with  higher  incomes. 
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Age,  occupation,  education,  current  total  household  income,  and  current  marital  status  were  each 
significantly  associated  with  the  SCL-90-R  paranoid  ideation  (p=0.001,  p=0.001,  p=0.001,  p=0.001,  and 
p=0.002,  respectively).  Younger  participants  had  a  greater  prevalence  of  high  paranoid  ideation  scores 
(9.0%)  than  older  participants  (5.2%).  The  proportion  of  high  paranoid  ideation  scores  was  largest  for 
enlisted  groundcrew  (10.4%).  High  school-educated  participants  exhibited  the  larger  proportion  of  high 
paranoid  ideation  scores  (9.7%),  as  did  participants  with  lower  incomes  (9.7%)  and  unmarried 
participants  (10.8%). 

Significant  covariate  associations  with  SCL-90-R  phobic  anxiety  and  SCL-90-R  psychoticism  were 
similar  and  included  age  (p=0.005  and  p=0.025,  respectively),  occupation  (p=0.001  for  each),  education 
(p=0.001  for  each),  lifetime  alcohol  history  (p=0.014  and  p=0.004,  respectively),  and  current  total 
household  income  (p=0.001  for  each).  Current  marital  status  was  also  significantly  associated  with 
psychoticism  (p=0.001).  The  percentage  of  high  scores  for  both  variables  was  higher  among  younger 
participants  (12.4%  and  15.6%,  respectively)  and  highest  among  enlisted  groundcrew  (14.4%  and  18.3%, 
respectively).  High  school-educated  participants  displayed  the  greater  prevalence  of  high  scores  for  both 
variables  (14.5%  and  17.1%,  respectively).  In  addition,  percentages  of  high  scores  increased  for  each 
variable  as  lifetime  drinking  increased.  Participants  with  lower  incomes  displayed  the  greater  proportion 
of  high  scores  for  each  variable  (14.1%  and  18.1%,  respectively).  The  percentage  of  high  SCL-90-R 
psychoticism  scores  was  increased  among  unmarried  participants  (19.2%). 

Co  variate  association  tests  with  SCL-90-R  somatization  were  significant  for  occupation  (p=0.001), 
education  (p=0.001),  current  alcohol  use  (p=0.037),  current  total  household  income  (p=0.001),  and 
current  employment  (p=0.020).  The  percentage  of  high  SCL-90-R  somatization  scores  was  greatest 
among  enlisted  flyers  (25.2%),  followed  by  enlisted  groundcrew  (21.0%)  and  officers  (7.3%). 

Participants  with  at  most  a  high  school  education  displayed  the  greater  proportion  of  high  somatization 
scores  (22.3%)  compared  to  college-educated  participants  (1 1.2%).  The  prevalence  of  high  somatization 
scores  was  greatest  for  the  heaviest  current  drinkers  (20.0%)  and  smallest  for  moderate  drinkers  (1 1.9%). 
Examination  of  current  total  household  income  and  current  employment  revealed  a  greater  proportion  of 
high  somatization  scores  among  the  lower  income  earners  (21.8%)  and  among  unemployed  participants 
(18.9%). 

Association  tests  with  the  SCL-90-R  GSI  were  significant  for  age  (p=0.048),  occupation  (p=0.001), 
education  (p=0.001),  current  alcohol  use  (p=0.017),  lifetime  alcohol  use  (p=0.001),  current  total 
household  income  (p=0.001),  and  current  marital  status  (p=0.016).  Younger  participants  displayed  the 
greater  percentage  of  high  GSI  scores  (16.6%),  as  did  enlisted  groundcrew  (20.1%).  The  percentage  of 
high  GSI  scores  was  also  larger  among  participants  with  at  most  a  high  school  education  (19.2%) 
compared  to  college-educated  participants  (11.1%).  The  greatest  percentage  of  high  GSI  scores  was 
among  the  heaviest  current  drinkers  (28.0%),  as  well  as  among  the  heaviest  lifetime  drinkers  (19.5%). 
High  GSI  scores  were  more  prevalent  among  participants  in  the  lower  income  bracket  (19.9%)  and  among 
the  unmarried  participants  (19.0%). 

Occupation,  education,  lifetime  alcohol  use,  and  current  total  household  income  each  displayed 
significant  associations  with  the  SCL-90-R  PST  scores  (p=0.001,  p=0.001,  p=0.002,  and  p=0.001, 
respectively).  The  percentages  of  high  PST  scores  for  enlisted  groundcrew,  enlisted  flyers,  and  officers 
were  20.9  percent,  20.2  percent,  and  8.5  percent,  respectively.  High  school-educated  participants 
displayed  a  larger  percentage  of  high  scores  (20.8%)  than  did  college-educated  participants  (1 1.7%).  The 
prevalence  of  high  SCL-90-R  PST  scores  was  greatest  among  the  heaviest  lifetime  drinkers  (20.3%). 
Participants  in  the  lower  income  category  showed  the  larger  percentage  of  high  SCL-90-R  PST  scores 
(21.0%). 

The  SCL-90-R  PSDI  displayed  significant  covariate  associations  with  occupation  (p=0.001),  education 
(p-0.001),  current  alcohol  use  (p=0.030),  and  current  total  household  income  (p=0.012).  High  PSDI 
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scores  were  more  prevalent  among  enlisted  groundcrew  and  enlisted  flyers  (9.5%  for  each)  than  among 
officers  (3.7%).  Participants  with  at  most  a  high  school  education  displayed  the  greater  percentage  of 
high  SCL-90-R  PSDI  scores  (9.5%),  and  the  heaviest  current  drinkers  showed  the  highest  percentage 
(12.0%).  The  prevalence  of  high  SCL-90-R  PSDI  scores  was  greatest  for  participants  with  lower  incomes 
(8.7%). 

12.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  12-1.  Dependent  variables  were  derived  from  a  medical  records  review  and  verification  of  self- 
reported  psychological  conditions  and  the  psychological  examination  portion  of  the  1997  follow-up 
examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  12-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (32). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 
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12.2.2.1  Medical  Records  Variables 


12.2.2.1.1  Psychoses 

All  results  from  the  analyses  of  a  history  of  psychoses  (Models  1  through  4)  were  nonsignificant,  both 
unadjusted  and  adjusted  for  covariates  (Table  12-3(a-h):  p>0.23  for  each  analysis). 


Table  12-3.  Analysis  of  Psychoses 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


UlSUPiffiSi 

Number  (%) 

|ip|||y^gE|Sii 

Est  Relative  Risk  4J 

ini  {95%  cx)  I  ’  mi 

p-Value 

All 

Ranch  Hand 

867 

34(3.9) 

1.02  (0.65,1.60) 

0.927 

Comparison 

1,249 

48(3.8) 

Officer 

Ranch  Hand 

341 

9(2.6) 

1.09  (0.45,2.61) 

0.853 

Comparison 

493 

12  (2.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

10  (6.6) 

1.82(0.68,4.91) 

0.235 

Comparison 

187 

7  (3.7) 

Enlisted 

Ranch  Hand 

375 

15  (4.0) 

0.78  (0.41,1.47) 

0.435 

Groundcrew 

Comparison 

569 

29  (5.1) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 


All 

1.03  (0.65,1.63) 

0.905 

Officer 

1.12(0.47,2.71) 

0.796 

Enlisted  Flyer 

1.85  (0.68,5.04) 

0.230 

Enlisted  Groundcrew 

0.76  (0.40,1.47) 

0.423 

§j§|  U||  jj|j  Initial  Dioxin  Category  Summary  Statistics  Jig  J  |  J 

§05 1 ’  Analysis  Resists  foL  OffiSSBl l! 

.  1  j  §|  Initial^  |ljfl||l  Number  (%)$  %  | 

;|| .  Estimated  RelativeRisk 

(95%  C.I.)1’  p-Value 

■S'  ■■■ 

■ 

0.90(0.65,1.24)  0.501 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

NCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 

. wmm&mmrmmi 


p- Value 


472 


0.82  (0.55,1.23) 


0.338 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  12-3.  Analysis  of  Psychoses  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

”  NumBegC^y;  J.V 

’  Cf  |'t  ; 

Est  Relative  Risk 

1  (95%CI.)ab  ;  \ 

11 1|  illlMiiiSllili 

Comparison 

1,211 

47  (3.9) 

Background  RH 

381 

10  (2.6) 

0.71  (0.35,1.43) 

0.339 

Low  RH 

239 

12  (5.0) 

1.29  (0.67,2.47) 

0.447 

High  RH 

240 

12(5.0) 

1.23  (0.64,2.36) 

0.535 

Low  plus  High  RH 

479 

24  (5.0) 

1.26  (0.76,2.09) 

0.373 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

n 

.  (95%  C.I.)a  : 

gill!  If!# 

Comparison 

1,196 

Background  RH 

374 

0.85  (0.41,1.73) 

0.648 

Low  RH 

236 

1.42(0.73,2.77) 

0.297 

High  RH 

236 

0.90  (0.45,1.80) 

0.759 

Low  plus  High  RH 

472 

1.13(0.67,1.91) 

0.647 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


)Si  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -UNADJUSTED 

1  ||  IB!  Dioxin  Category  Summary  Stedstics  ^UlScU^  Analysis  Results  for  Log2  (1987  Dioxin-c IS  1 

1987  Number  (%) 

i|j  |  Dioxin  f|jljJJ||j  n  j§|||j|  8  *  1 

Low  288  9  (3.1) 

Medium  287  12  (4.2) 

High  285  13  (4.6) 

1.11  (0.89,1.39)  0.368 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  12-3.  Analysis  of  Psychoses  (Continued) 


(h)  MODEL  4:  RANCH  HANDS 

-1987  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)  1 

n 

?  Adjusted  Relative  Risk  .  K 'i! 

(95%  C.I.)a 

p- Value 

846 

1.08  (0.84,1.40) 

0.550 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


12.2.2.1.2  Alcohol  Dependence 

All  unadjusted  and  adjusted  results  from  the  analysis  of  alcohol  dependence  were  nonsignificant  for 
Models  1  through  4  (Table  12-4(a-h):  p>0.30  for  each  analysis). 


Table  12-4.  Analysis  of  Alcohol  Dependence 


:  (a)MODfil|::i:; 

RANCH  HANDS  VS.  COMPARISONS  -UNADJUSTED 

§||''  ,■ 

Number  (%) 

■■■-;  :Yes  ; 

Est.  Relative  Risk 

||f§  ®|lf 

p-Value 

All 

Ranch  Hand 

867 

62  (7.2) 

1.08  (0.77,1.52) 

0.655 

Comparison 

1,248 

83(6.7) 

Officer 

Ranch  Hand 

341 

15  (4.4) 

0.83  (0.43,1.58) 

0.566 

Comparison 

493 

26  (5.3) 

Enlisted  Flyer 

Ranch  Hand 

151 

14  (9.3) 

1.09  (0.52,2.32) 

0.818 

Comparison 

187 

16  (8.6) 

Enlisted 

Ranch  Hand 

375 

33  (8.8) 

1.24  (0.77,2.00) 

0.377 

Groundcrew 

Comparison 

568 

41  (7.2) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

ISttiillil 

1  8!  i® !! 

(95%  C.I.)  . 

All 

1.04(0.74,1.48) 

Officer 

0.82  (0.43,1.58) 

Enlisted  Flyer 

0.94  (0.43,2.04) 

Enlisted  Groundcrew 

1.25  (0.76,2.03) 

|#S  Mq6EL  2:  RAtfCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED  111  I#l  11  pi  1 1  f  1 1| 1 1 1 1  , 1 

Initial  Dioxin  Category  Summary  Statistics 

§ ^  Analysis  Results  fofLog2  (Initial 

1 1  Estimated  Relative  Risk >  >  |  1  Itj  ! 

1.04(0.81,1.34)  0.747 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  12-4.  Analysis  of  Alcohol  Dependence  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

-  l  t  !  Adjusted  Relative  Risk  N  *  f ,  t 

n 

(95%  C.I.)* 

p- Value 

475 

1.04  (0.77,1.42) 

0.790 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  parental  status  because  of  the  sparse  number  of  participants  with  alcohol 
dependence. 


i»  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED  ||:| 

n 

Number  (%) 

Yes 

8§fl  Est  Relative  Risk'- . fi|§ 

jlv  ^J-,?  'p-Valpef  |i'| 

Comparison 

1,210 

80  (6.6) 

Background  RH 

381 

24  (6.3) 

0.93  (0.58,1.50) 

0.767 

Low  RH 

239 

18  (7.5) 

1.16(0.68,1.97) 

0.594 

High  RH 

240 

20  (8.3) 

1.31  (0.78,2.18) 

0.307 

Low  plus  High  RH 

479 

38  (7.9) 

1.23  (0.82,1.84) 

0.316 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  Model  3:  ranch  hands  and  comparisons  by  dioxin  category 

-ADJUSTp>'^g;^  U 

'  niHi j 

(9s%e.i.)“  ■ 

||^p|^ug3||l|-||!||| 

Comparison 

1,196 

Background  RH 

376 

1.04(0.63,1.69) 

0.888 

Low  RH 

237 

1.11  (0.64,1.91) 

0.714 

High  RH 

238 

1.01  (0.58,1.73) 

0.985 

Low  plus  High  RH 

475 

1.05  (0.69,1.60) 

0.802 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-4.  Analysis  of  Alcohol  Dependence  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

JH  jl  ;||  | .  Analysis  Resulfefor  Lqgk  (1987  Dioxin 

1987  Number  (%) 

Dioxin  n  Yes 

}  Estimated  Relative  Risk  Iff  4 

(95%  C.I.)a  p-Value 

Egffl  ’ 

1.07(0.90,1.28)  0.420 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  + 1) 

BiS?l^:  'A^usted:ReIatlye'Risk.''  . 

•  (95%CJ.)a  . 


p-Value 


851 


0.99  (0.82,1.20) 


0.898 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


12.2.2.1.3  Drug  Dependence 

Only  a  small  percentage  of  participants  had  a  verified  drug  dependence;  consequently,  analysis  of  drug 
dependence  was  limited.  All  analyses  performed  for  Models  1,3,  and  4  indicated  no  differences  among 
Ranch  Hands  and  Comparisons  and  no  association  between  dioxin  levels  and  a  history  of  drug 
dependence  (Table  12-5(a-b,e-h):  p>0.15  for  all  analyses).  No  Ranch  Hands  with  extrapolated  initial 
dioxin  levels  (Model  2)  had  a  drug  dependence. 


Table  12-5.  Analysis  of  Drug  Dependence 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


^||;||gdtego|55;  |-  % 

■  jj|  | 

iiwaa*i 

Est  Relative  Risk:  " 

tin ;  iMlHiiiii 

All 

Ranch  Hand 

867 

2  (0.2) 

0.72  (0.13,3.94) 

0.700 

Comparison 

1,249 

4(0.3) 

Officer 

Ranch  Hand 

341 

0  (0.0) 

— 

0.999a 

Comparison 

493 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

— 

— 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

375 

2  (0.5) 

1.01  (0.17,6.08) 

0.990 

Groundcrew 

Comparison 

569 

3  (0.5) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  drug  dependence. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 
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Table  12-5.  Analysis  of  Drug  Dependence  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category 

•  (95%  CJ.) 

p- Value 

All 

0.58  (0.09,3.74) 

0.553 

Officer 

_ 

_ 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

0.78  (0.11,5.56) 

0.802 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 

Note:  Results  are  not  adjusted  for  current  employment  because  of  the  sparse  number  of  participants  with  drug 
dependence;  in  addition,  results  for  all  occupational  categories  combined  not  adjusted  for  occupation. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

j  Analysis,  Results  for  Log2  (Initial'Dioxio)aj";|-f;|:'j 

Initial  Number  (%) 

1®  Estimated  Relative  Risk  ; -vK 

Iffff  .  H‘ J|>f t 1  p-vaiue j|g||g 

Low  160  0(0.0) 

Medium  162  0  (0.0) 

High  157  0  (0.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n  (95%  G.I.) 

p-Value 

- 

- 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 
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Table  12-5.  Analysis  of  Drug  Dependence  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXLN  CATEGORY 

-UNADJUSTED 

n 

Est  Relative  Risk 
(95%  C.I.)i"> 

p-Value 

Comparison 

1,211 

4(0.3) 

Background  RH 

381 

2  (0.5) 

1.32  (0.24,7.34) 

Low  RH 

239 

0  (0.0) 

— 

High  RH 

240 

0  (0.0) 

— 

Low  plus  High  RH 

479 

0  (0.0) 

- 

0.481c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  drug  dependence. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adjusted  Relative  Risk 
(95%  C.I.)a  : 

Comparison 

1,196 

Background  RH 

374 

1.37  (0.19,9.67) 

0.755 

Low  RH 

236 

— 

_ 

High  RH 

236 

— 

_ 

Low  plus  High  RH 

472 

— 

-- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  drug  dependence. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  current  employment  or  occupation  because  of  the  sparse  number  of  participants 
with  drug  dependence. 


(R)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -UNADJUSTED 

m wm  mk  mm m  m  mm  M  III  i  mm.  8 1  i  mm Mli  p  in  k  m  i  ii  m 41  te  isi 

1987  Number  (%) 

Dioxin  „  Yex 

Low  288  2  (0.7) 

Medium  287  0  (0.0) 

High  285  0  (0.0) 

0.46(0.16,1.34)  0.155 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  12-5.  Analysis  of  Drug  Dependence  ( Continued ) 


(h)  MODEL  4-  r  WfDlOXDS  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

Adjusted  Relative  Risk 
(95%CX)a 


p-Value 


846 


0.45  (0.10,2.11) 


0.226 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  current  employment,  current  marital  status,  and  current  parental 
-status  because  of  the  sparse  number  of  participants  with  drug  dependence. 


12.2.2.1.4  Anxiety 

The  unadjusted  and  adjusted  analysis  results  for  a  history  of  anxiety  were  nonsignificant  for  both  Models 
1  and  2  (Table  12-6(a-d):  p>0.30  for  each  analysis). 


Table  12-6.  Analysis  of  Anxiety 


wmmm 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

Est  Relative  Risk 

Category 

.  Yes."  " 

(95%  CX) 

p-Valpe 

AU 

Ranch  Hand 

863 

232  (26.9) 

1.00  (0.83,1.22) 

0.969 

Comparison 

1,246 

334(26.8) 

Officer 

Ranch  Hand 

340 

56  (16.5) 

0.91  (0.63,1.31) 

0.605 

Comparison 

493 

88  (17.9) 

Enlisted  Flyer 

Ranch  Hand 

150 

48  (32.0) 

1.10(0.69,1.75) 

0.685 

Comparison 

187 

56  (30.0) 

Enlisted 

Ranch  Hand 

373 

128  (34.3) 

1.03  (0.78,1.36) 

0.813 

Groundcrew 

Comparison 

566 

190  (33.6) 

XW|MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  |  ADJUSTED 

III  iff 

tit#: m 

AdjukfodlRgJa|ive  Risk  f,|  ?&* 

mmm 

Occupational  Category 

:  :  (95^; c.ij  :=r ; 

I  p- Value 

All 

1.00  (0.82,1.23) 

0.979 

Officer 

0.93  (0.64,1.35) 

0.709 

Enlisted  Flyer 

1.01  (0.63,1.63) 

0.953 

Enlisted  Groundcrew 

1.04(0.79,1.38) 

0.776 
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Table  12-6.  Analysis  of  Anxiety  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Iiiitial  ipioxin  Category  Summary  Statistics  <<  | ;  '  Analysis  Results  for  Log2  (Initial  Dioxin)® 


Number  (%) 

Yes  . 

f;  I  Estimated  Relative  Risk  : 
(95%  C.I.)b 

p- Value 

Low 

159 

41  (25.8) 

1.07  (0.92,1.24) 

0.360 

Medium 

162 

55  (34.0) 

High 

156 

47  (30.1) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Relative  risk  for  a  twofold  increase  in 

initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

:v  :  (95%  CX)8  : 

lllllp ;  |  jflMg^ali^  ?Sf|;Sl||!ll|iipli|2 

470 

0.91  (0.76,1.09) 

0.302 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3 

RANCH  HANDS  Ar 

4p  COMPARISONS 

3Y  DIOXIN  CATEGORY  -  UNADJUSTED 

Number  (%) 

Esti  Relative  Risk  i®Sf 

tlllSSJillttill.f 

;!5v  itfvNSli'SW'  &  Vi'ki  rffMflt, 

egory  ;  n 

'  .  Yes 

(95%  CX)ab 

IlgilBliSHiill 

Comparison 

1,208 

328  (27.2) 

Background  RH 

379 

86  (22.7) 

0.78  (0.60,1.03) 

0.083 

Low  RH 

238 

70  (29.4) 

1.12(0.82,1.52) 

0.473 

High  RH 

239 

73  (30.5) 

1.18(0.87,1.60) 

0.279 

Low  plus  High  RH 

477 

143  (30.0) 

1.15  (0.91,1.45) 

0.240 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  12-6.  Analysis  of  Anxiety  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%  CX)a 

p-Value  ||  |;|I 

Comparison 

1,194 

Background  RH 

372 

0.98  (0.74,1.31) 

Low  RH 

235 

1.17(0.85,1.60) 

High  RH 

235 

0.82  (0.59,1.13) 

Low  plus  High  RH 

470 

0.98  (0.77,1.25) 

0.857 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(s)  MODEL 4:  RANCH  HANDS  -  1987  DIOXIN -UNADJUSTED 

'$■  1  !  Ifttl  Analysis  Results  for  Log£,(1987  Dioxin  + 1) |j|l||  jj f§§;| 

1987  Number  (%) 

V(95%CX)a  .  p-Value 

Low  286  62(21.7) 

Medium  286  76  (26.6) 

High  284  91  (32.0) 

1.14  (1.03,1.26)  0.011 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(a)  MODEL  4:  RANCH  HANDS;- 19#  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
(95%CX)a 


p-Value 


842 


0.95  (0.84,1.07) 


0.368 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  3  unadjusted  analysis  revealed  marginally  significantly  more  Comparisons  than  Ranch  Hands 
with  anxiety  (Table  12- 6(e):  p=0.083,  Est.  RR=0.78).  After  adjustment  for  covariates,  the  difference  was 
nonsignificant  (Table  12-6(f):  p=0.902).  All  other  Model  3  contrasts  were  nonsignificant  (Table 
12-6(e,f):  p>0.22). 

A  significant  positive  association  between  1987  dioxin  levels  and  anxiety  was  found  from  the  unadjusted 
Model  4  analysis  (Table  12-6(g):  p=0.011,  Est.  RR=1.14).  Similar  to  Model  3  results,  the  association 
was  nonsignificant  after  covariate  adjustment  (Table  12-6(h):  p=0.368). 
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12.2.2.1.5  Other  Neuroses 

The  Model  1  unadjusted  analysis  of  a  history  of  other  neuroses  showed  a  marginally  significant  difference 
between  Ranch  Hands  and  Comparisons  within  the  officer  stratum  (Table  12-7(a):  p=0.099, 

Est.  RR=0.79).  This  difference  became  nonsignificant  after  adjustment  for  covariates  (Table  12-7(b): 
p=0.127,  Adj.  RR=0.80).  A  significant  difference  within  the  enlisted  groundcrew  stratum  was  seen  for 
both  the  unadjusted  and  adjusted  contrasts  (Table  12-7(a,b):  p=0.021,  Est.  RR=1.38;  p=0.01 1, 

Adj.  RR=1.44,  respectively).  For  Ranch  Hand  enlisted  groundcrew,  64.7  percent  had  other  neuroses,  as 
compared  to  57.1  percent  of  Comparison  enlisted  groundcrew.  All  other  Model  1  contrasts  were 
nonsignificant  (Table  12-7(a,b):  p>0.43). 


Table  12-7.  Analysis  of  Other  Neuroses 


RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Number  (%) 

Yes 

Est,  Relative  Risk 
(95%  CX) 

p-Value 

All 

Ranch  Hand 

855 

467(54.6) 

1.06  (0.89,1.26) 

0.529 

Comparison 

1,240 

660  (53.2) 

Officer 

Ranch  Hand 

338 

136  (40.2) 

0.79  (0.60,1.05) 

0.099 

Comparison 

491 

226  (46.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

93  (62.4) 

1.08  (0.69,1.69) 

0.726 

Comparison 

185 

112(60.5) 

Enlisted 

Ranch  Hand 

368 

238  (64.7) 

1.38(1.05,1.80) 

0.021 

Groundcrew 

Comparison 

564 

322  (57.1) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -ADJOS 

rED  ; 

; S  Hi  i“'¥  i 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CA) 

All 

1.08  (0.90,1.29) 

0.434 

Officer 

0.80  (0.60,1.07) 

0.127 

Enlisted  Flyer 

1.04  (0.66,1.65) 

0.857 

Enlisted  Groundcrew 

1.44(1.09,1.91) 

0.011 

(c)  MODEL 2:  RANCH HANDS -LNITIAL DIOXIN -UNADJUSTED 

fly  Analysis  Results  for  Log2  (Initial  Dioxin)8  \  % 

Initial  Number  {%) 

j  | "  Dioxin  gftBgjg  |  |j  g§|  pfj|J|J  j j|j  |fijjg 

'jf  !  Estimated  Relative  Risk  I  \fi  T'J  trt T'  J 7|.A 

(95  %  CX)”  p-Value  :  :  : 

Low  158  90  (57.0) 

Medium  161  104  (64.6) 

High  155  98  (63.2) 

1.02  (0.89,1.18)  0.743 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  12-7.  Analysis  of  Other  Neuroses  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

n 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

467 

0.88(0.74,1.05) 

0.164 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n 

Number  (%) 

:  Yes 

Est.  Relative  Risk 
(95%  C.I.)ab 

if;: f  if  §  p- Value  HI®! 

Comparison 

1,202 

637  (53.0) 

Background  RH 

374 

170  (45.5) 

0.75  (0.60,0.95) 

0.018 

Low  RH 

237 

143  (60.3) 

1.34(1.01,1.79) 

0.041 

High  RH 

237 

149  (62.9) 

1.48(1.11,1.97) 

0.008 

Low  plus  High  RH 

474 

292  (61.6) 

1.41  (1.13,1.75) 

0.002 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  ANjD  COMPARISONS  BY  DIOXIN  CATEGORY 

U|||  Dioxin  Category  J§j§|| 

'.F 

Adjusted  Relative  Risk 
■  (95%  C.I.)a 

Comparison 

1,187 

Background  RH 

367 

0.89(0.69,1.14) 

Low  RH 

234 

1.37(1.02,1.84) 

High  RH 

233 

1.18(0.87,1.61) 

0.286 

Low  plus  High  RH 

467 

1.27(1.01,1.60) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-7.  Analysis  of  Other  Neuroses  (Continued) 


..(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Yes 

1 1  Estimated  Relative  Risk  |  pfjlfjrl  illilllllillj 

(95%C.I.)a  p- Value 

Low  282  127  (45.0) 

Medium  284  152  (53.5) 

High  282  183(64.9) 

1.20(1.09,1.32)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  BANDS  - 1987  DIOXIN  V  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
tjlSift  !  Adjusted  Relative  Risk  I  111 


jp*:  Value  I 


834 


1.02  (0.91,1.14) 


0.763 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Model  2  analyses  of  other  neuroses  were  nonsignificant,  both  unadjusted  and  adjusted  for  covariates 
(Table  12-7(c,d):  p>0.16  for  each  analysis). 

Each  contrast  of  Ranch  Hands  with  Comparisons  in  the  unadjusted  Model  3  analysis  of  other  neuroses 
was  significant  (Table  12-7(e):  p=0.018,  Est.  RR=0.75,  for  the  Ranch  Hand  background  dioxin  category 
contrast;  p=0.041,  Est.  RR=1.34,  for  the  Ranch  Hand  low  dioxin  category  contrast;  p=0.008,  Est. 
RR=1.48,  for  the  Ranch  Hand  high  dioxin  category  contrast;  p=0.002,  Est.  RR=1.41,  for  the  contrast  of 
Ranch  Hands  in  the  combined  low  and  high  dioxin  categories  with  Comparisons).  Except  for  Ranch 
Hands  in  the  background  category,  a  higher  proportion  of  Ranch  Hands  had  other  neuroses  than  did 
Comparisons.  Results  remained  significant  in  the  adjusted  analysis  of  Ranch  Hands  in  the  low  dioxin 
category  (Table  12-7(f):  p=0.036,  Adj.  RR=1.37)  and  the  adjusted  analysis  of  Ranch  Hands  in  the 
combined  low  and  high  dioxin  categories  (Table  12-7(f):  p=0.038,  Adj.  RR=1.27).  The  remaining 
adjusted  analyses  were  nonsignificant  (Table  12-7(f):  p>0.28). 

The  Model  4  unadjusted  analysis  of  other  neuroses  revealed  a  significant  positive  association  between 
1987  dioxin  levels  and  other  neuroses  (Table  12-7(g):  p<0.001,  Est.  RR=1.20).  After  accounting  for 
covariates,  the  association  was  nonsignificant  (Table  12-7(h):  p=0.763). 

12.2.2.2  Psychological  Examination  Variables 

The  12  variables  contained  in  this  section  are  derived  from  the  SCL-90-R.  These  12  variables  consist  of 
nine  primary  symptom  disease  categories  and  three  global  indices  of  distress.  A  short  description,  which 
has  been  taken  from  the  SCL-90-R  reference  manual  (31),  of  each  of  the  primary  symptom  disease 
categories  and  global  indices  of  distress  is  given  before  the  description  of  the  results  of  the  statistical 
analyses.  The  function  of  each  of  these  global  measures  of  the  SCL-90-R,  the  GSI,  the  PSDI,  and  the 
PST,  is  to  communicate  in  a  single  score  the  level  or  depth  of  the  individual’s  psychopathology. 
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Seven  items  are  a  part  of  the  SCL-90-R,  which  are  not  subsumed  under  any  of  the  primary  symptom 
dimensions;  these  symptoms  actually  “load”  on  several  of  the  dimensions  but  are  not  unique  to  any  of 
them.  These  seven  items  are  having  a  poor  appetite,  overeating,  having  trouble  falling  asleep,  awakening 
in  the  early  morning,  experiencing  restless  or  disturbed  sleep,  thinking  of  death  or  dying,  and  feeling 
guilty.  While  in  this  sense  they  violate  one  of  the  statistical  criteria  for  inclusion  in  the  test,  they  are  a 
part  of  the  item  set  because  they  are  clinically  important.  These  items  contribute  to  the  global  scores  on 
the  SCL-90-R  and  are  intended  to  be  used  configurally.  Thus,  a  high  depression  score  with  “early 
morning  awakening”  and  “poor  appetite”  may  mean  something  quite  different  from  a  similar  score  with 
these  symptoms  absent.  By  the  same  token,  the  presence  of  conscious  “feelings  of  guilt”  is  an  important 
clinical  indicator  that  communicates  important  information  to  the  clinician.  The  additional  items  are  not 
scored  collectively  as  a  dimension  but  are  summed  into  the  global  scores. 

12.2.2.2. 1  SCL-90-R  Anxiety 

The  anxiety  dimension  is  composed  of  a  set  of  symptoms  and  signs  that  are  associated  clinically  with 
high  levels  of  manifest  anxiety.  General  signs  such  as  nervousness,  tension,  and  trembling  are  included  in 
the  definition,  as  are  panic  attacks  and  feelings  of  terror.  Cognitive  components  involving  feelings  of 
apprehension  and  dread,  and  some  of  the  somatic  correlates  of  anxiety,  also  are  included  as  dimensional 
components.  The  symptoms  comprising  the  anxiety  dimension  are  experiencing  nervousness  or  shakiness 
inside,  trembling,  being  suddenly  scared  for  no  reason,  feeling  fearful,  experiencing  heart  pounding  or 
racing,  feeling  tense  and  keyed  up,  having  spells  of  terror  and  panic,  feeling  so  restless  you  couldn’t  sit 
still,  feeling  that  something  bad  is  going  to  happen,  and  experiencing  frightening  thoughts  and  images. 

The  Model  1  unadjusted  analysis  of  SCL-90-R  anxiety  revealed  no  significant  differences  between  Ranch 
Hands  and  Comparisons  when  examined  across  all  occupations  or  within  each  occupational  stratum 
(Table  12-8(a):  p>0.10  for  each  contrast).  When  covariates  were  entered  into  the  Model  1  analysis,  a 
marginally  significant  difference  was  found  for  enlisted  flyers  (Table  12-8(b):  p=0.073,  Adj.  RR=0.53). 
High  SCL-90-R  anxiety  scores  were  more  prevalent  among  Comparison  enlisted  flyers  than  Ranch  Hand 
enlisted  flyers  (16.0%  vs.  10.0%). 


Table  12-8.  Analysis  of  SCL-90-R  Anxiety 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


f,  t  1  /jGrrOup^fl  |  J 

f  | 

High 

Est  Relative  Risk  *  r 
<95%  CX) 

|i|fl§  1 

AU 

Ranch  Hand 

866 

82  (9.5) 

0.83  (0.62,1.10) 

0.197 

Comparison 

1,249 

140  (11.2) 

Officer 

Ranch  Hand 

341 

14  (4.1) 

0.71  (0.37,1.37) 

0.309 

Comparison 

493 

28  (5.7) 

Enlisted  Flyer 

Ranch  Hand 

150 

15  (10.0) 

0.58  (0.30,1.13) 

0.108 

Comparison 

187 

30  (16.0) 

Enlisted 

Ranch  Hand 

375 

53(14.1) 

0.98  (0.67,1.42) 

0.905 

Groundcrew 

Comparison 

569 

82  (14.4) 
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Table  12-8.  Analysis  of  SCL-90-R  Anxiety  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

0.85(0.63,1.14) 

0.267 

Officer 

0.75  (0.39,1.46) 

0.400 

Enlisted  Flyer 

0.53  (0.27,1.06) 

0.073 

Enlisted  Groundcrew 

1.02  (0.70,1.50) 

0.904 

(c)  MODEL  2:  RANCH  HANDS -INITIAL DIOXIN -UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)0 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  160  19(11.9) 

Medium  161  19(11.8) 

High  157  17  (10.8) 

0.98(0.79,1.21)  0.847 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


«l)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

.  ;  TT*  .  .  ■  •  • .  ;  ■  /  ' .  ;  ■  •  ■  •  .  ■  ■  . - ~ ; - .  .  •  ■ 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 

n  (95%  CX)a  ■ 

p-Value  J 

471  0.73  (0.57,0.95) 

0.016 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXLN  CATEGORY 

-  UNAI)!JU|rap  !  1 1 

\  i  *  Dioxin  Category 

Number  (%) 

liSiSMil!* 

Est  Relative  Risk 
:  :  :  (95%  C.I.)ab  ' 

Comparison 

1,211 

133  (11.0) 

Background  RH 

381 

27  (7.1) 

0.65  (0.42,1.00) 

0.051 

Low  RH 

239 

26  (10.9) 

0.98  (0.63,1.53) 

0.919 

High  RH 

239 

29(12.1) 

1.07  (0.70,1.65) 

0.756 

Low  plus  High  RH 

478 

55(11.5) 

1.02  (0.73,1.43) 

0.895 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-8.  Analysis  of  SCL-90-R  Anxiety  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

n 

Adjusted  Relative  Risk 
(95%  C.I.)3 

p-Value 

Comparison 

1,196 

Background  RH 

374 

0.86(0.55,1.35) 

Low  RH 

236 

1.09  (0.69,1.73) 

High  RH 

235 

0.76  (0.48,1.20) 

Low  plus  High  RH 

471 

0.91  (0.64,1.29) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  dlHUm  § 

1987  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)“  p-Value 

Low  288  19  (6.6) 

Medium  287  30  (10.5) 

High  284  33(11.6) 

1.15  (0.99,1.34)  0.065 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +1) 

lg§fl 


p-Value 


845 


0.96(0.81,1.13) 


0.619 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Similar  to  Model  1,  the  result  from  the  Model  2  unadjusted  analysis  of  SCL-90-R  anxiety  was 
nonsignificant  (Table  12-8(c):  p=0.847).  The  adjusted  analysis  revealed  a  significant  association 
between  initial  dioxin  and  the  prevalence  of  high  SCL-90-R  anxiety  scores  (Table  12-8(d):  p=0.016,  Adj. 
RR=0.73).  As  initial  dioxin  increased,  the  prevalence  of  high  SCL-90-R  anxiety  scores  decreased. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  the  prevalence  of  high 
SCL-90-R  anxiety  scores  among  Ranch  Hands  in  the  background  category  (7.1%)  and  Comparisons 
(1 1.0%)  (Table  12-8(e):  p=0.051,  Est.  RR=0.65).  Results  were  nonsignificant  after  adjustment  for 
covariates  (Table  12-8(f):  p=0.506).  Other  Model  3  contrasts  were  nonsignificant  (Table  12-8(e,f): 
p>0.23  for  each  contrast). 
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The  unadjusted  analysis  of  Model  4  revealed  a  marginally  significant  positive  association  between  the 
1987  dioxin  levels  and  the  prevalence  of  high  SCL-90-R  anxiety  scores  (Table  12-8(g):  p=0.065, 

Est.  RR=1.15).  The  results  were  nonsignificant  after  covariate  adjustment  (Table  12-8(h):  p~0.619). 


12.2.2.2.2  SCL-90-R  Depression 

The  symptoms  of  the  depression  dimension  reflect  a  broad  range  of  the  manifestations  of  clinical 
depression.  Symptoms  of  dysphoric  mood  and  affect  are  represented,  as  are  signs  of  withdrawal  of  life 
interest,  lack  of  motivation,  and  loss  of  vital  energy.  In  addition,  feelings  of  hopelessness,  thoughts  of 
suicide,  and  other  cognitive  and  somatic  correlates  of  depression  are  included.  The  symptoms  comprising 
the  depression  dimension  are  losing  sexual  interest  or  pleasure,  feeling  low  in  energy  or  slowed  down, 
thinking  of  ending  your  life,  crying  easily,  feeling  trapped  or  caught,  blaming  yourself  for  things,  feeling 
lonely,  feeling  blue,  worrying  too  much  about  things,  feeling  no  interest  in  things,  feeling  hopeless  about 
the  future,  feeling  everything  is  an  effort,  and  feeling  worthless. 

Both  the  unadjusted  and  adjusted  analyses  revealed  a  marginally  significant  difference  in  the  prevalence 
of  high  SCL-90-R  depression  scores  between  Ranch  Hands  (13.3%)  and  Comparisons  (16.1%)  when 
examined  across  all  occupations  (Table  12-9(a,b):  p=0.073,  Est.  RR=0.80;  p=0.077,  Adj.  RR=0.79, 
respectively).  In  addition,  a  significant  difference  was  found  within  the  enlisted  flyer  stratum  in  both  the 
unadjusted  and  adjusted  analyses  (Table  12-9(a,b):  p=0.038,  Est.  RR=0.53;  p=0.013,  Adj.  RR=0.45, 
respectively).  The  prevalence  of  high  SCL-90-R  depression  scores  was  higher  among  Comparisons 
(21.4%)  than  Ranch  Hands  (12.7%)  for  this  occupation.  All  remaining  Model  1  contrasts,  as  well  as  the 
Model  2  analyses,  were  nonsignificant  (Table  12-9(a-d):  p>0.13). 


Table  12-9.  Analysis  of  SCL-90-R  Depression 


(a)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


M  S  "■W  ‘  f  t  ^  i,  f  i  ^  *  ,  *  ’  y  }>  I1  ^  ‘'l-  ’  .‘y ;  ‘  •>  <•  ^  \  ■'•v  1  1  y  J,  -  ,  y  ; 

Occupational 
. -y!'.(Category 

Group 

h 

High 

Est.  Relative  Risk 
(95%  C.I.) 

liilJpliBWIlJll 

All 

Ranch  Hand 

866 

115  (13.3) 

0.80  (0.62,1.02) 

0.073 

Comparison 

1,249 

201  (16.1) 

Officer 

Ranch  Hand 

341 

28  (8.2) 

0.85  (0.52,1.39) 

0.512 

Comparison 

493 

47  (9.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

19  (12.7) 

0.53  (0.29,0.97) 

0.038 

Comparison 

187 

40(21.4) 

Enlisted 

Ranch  Hand 

375 

68(18.1) 

0.88  (0.63,1.23) 

0.469 

Groundcrew 

Comparison 

569 

114(20.0) 

■■  v  ■  '  . 'O'.  .  '  '  '  ‘  ‘  y  ■  ■  Pv  :  -y.  :  .  :.v> 


Occupational  Category  (95%  C.I.)  p-Value 


All 

0.79  (0.61,1.03) 

0.077 

Officer 

0.89  (0.54,1.46) 

0.642 

Enlisted  Flyer 

0.45  (0.24,0.84) 

0.013 

Enlisted  Groundcrew 

0.90(0.64,1.28) 

0.562 
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Table  12-9.  Analysis  of  SCL-90-R  Depression  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin)* 

Initial  Number  (%) 

*  '  Dioxin  ,  v  y '  opf  x  ,  t  \  "  * 

Estimated  Relative  Risk  11151 

(95%  C.I.)b  p-Value 

Low  160  22  (13.8) 

Medium  161  23  (14.3) 

High  157  26  (16.6) 

1.10(0.91,1.32)  0.345 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


|  MM  1 

-  INITIAL  DIOXIN  -  ADJUSTED 

11  % y;lr >|r!  1  > “  1 :  ’ ll^l 

Analysis  Results  for  Ix)g2  (Initial  Dioxin) 

/  Adjusted  Relative  Risk  /  1  }  -  i:u| 

(95%  C.I.)a  '  ■ 

p-Value 

471 

0.84  (0.67,1.06) 

0.138 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%) 

Iv1 

Est.  Relative  Risk 
(95%C.I.)“b 

p-Value 

Comparison 

1,211 

194  (16.0) 

Background  RH 

381 

43(11.3) 

0.70  (0.49,1.00) 

0.052 

Low  RH 

239 

30  (12.6) 

0.74  (0.49,1.12) 

0.156 

High  RH 

239 

41  (17.2) 

1.03  (0.71,1.50) 

0.862 

Low  plus  High  RH 

478 

71  (14.9) 

0.88  (0.65,1.18) 

0.383 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-9.  Analysis  of  SCL-90-R  Depression  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

If  If  |S  ijpjill  C^tegorf’s|ifJ| 

Adjusted  Relative  Risk 
-  (95%  C.I.)a 

p>VaIue 

Comparison 

1,196 

Background  RH 

374 

0.88(0.60,1.27) 

0.485 

Low  RH 

236 

0.78  (0.51,1.20) 

0.256 

High  RH 

235 

0.74  (0.49,1.11) 

0.142 

Low  plus  High  RH 

471 

0.76  (0.55,1.04) 

0.087 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

\ jllUB fj  n*7  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Dioxin  n  High 

Low  288  29(10.1) 

Medium  287  38  (13.2) 

High  284  47(16.6) 

1.15(1.01,1.31)  0.040 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL 4:  RANCH  HANDS-  1987  DIOXIN -ADJUSTED 

v-Ri  (1 

$  yj:  \f?  piii'rlsh  ?!$'•  ilf- 

\  f>  f  J  v  i  f  *  i  ’  8p  -IS**'  ;  1  -  r  \  ReJativeiRisk-  j.  ^  f 

n  ;  (95%  CX)a 

845  0.97(0.84,1.13) 

0.712 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  the  prevalence  of  high 
SCL-90-R  depression  scores  among  Ranch  Hands  in  the  background  category  (1 1.3%)  and  Comparisons 
(16.0%)  (Table  12-9(e):  p=0.052,  Est.  RR=0.70).  All  other  unadjusted  contrasts  were  nonsignificant 
(Table  12-9(e):  p>0.15).  The  Model  3  adjusted  analysis  revealed  a  marginally  significant  difference 
among  Ranch  Hands  in  the  combined  low  and  high  dioxin  categories  and  Comparisons  (Table  12-9(g): 
p=0.087,  Adj.  RR=0.76).  The  remaining  adjusted  contrasts  were  nonsignificant  (Table  12~9(f):  p>0.14). 

A  significant  positive  association  between  the  1987  dioxin  levels  and  the  prevalence  of  a  high  SCL-90-R 
depression  score  was  found  from  the  unadjusted  analysis  of  Model  4  (Table  12-9(g):  p=0.040, 

Est.  RR=1.15).  The  association  was  nonsignificant  after  adjustments  for  covariates  (Table  12-9(h): 
p=0.712). 
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12.22.2.3  SCL-90-R  Hostility 

The  hostility  dimension  reflects  thoughts,  feelings,  or  actions  that  are  characteristic  of  the  negative  affect 
state  of  anger.  The  selection  of  items  includes  all  three  modes  of  manifestation  and  reflects  qualities  such 
as  aggression,  irritability,  rage,  and  resentment.  The  symptoms  comprising  the  hostility  dimension  are 
feeling  easily  annoyed  or  irritated;  having  uncontrollable  temper  outbursts;  having  urges  to  beat,  injure,  or 
harm  someone;  having  urges  to  break  or  smash  things;  getting  into  frequent  arguments;  and  shouting  or 
throwing  things. 

The  analysis  of  SCL-90-R  hostility  showed  no  significant  results  for  Models  1  and  2  (Table  12-10(a-d): 
p>0.12  for  each  analysis). 


Table  12-10.  Analysis  of  SCL-90-R  Hostility 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

Est  Relative  Risk  %  V 
(95%  C.I.) 

|'||  p-Value  || 

All 

Ranch  Hand 

866 

61  (7.0) 

0.78  (0.56,1.08) 

0.124 

Comparison 

1,249 

111  (8.9) 

Officer 

Ranch  Hand 

341 

11  (3.2) 

0.68  (0.33,1.42) 

0.304 

Comparison 

493 

23  (4.7) 

Enlisted  Flyer 

Ranch  Hand 

150 

11  (7.3) 

0.63  (0.29,1.34) 

0.228 

Comparison 

187 

21  (11.2) 

Enlisted 

Ranch  Hand 

375 

39  (10.4) 

0.87  (0.57,1.32) 

0.513 

Groundcrew 

Comparison 

569 

67(11.8) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

ISlSiiSlSIi'i 

Adjusted  Relative  Risk 

s  y!?  1h 

Occupational  Category 

115  fM1: 

(95%  C.I.) 

p-Value 

All 

0.81  (0.58,1.13) 

0.217 

Officer 

0.71  (0.34,1.49) 

0.367 

Enlisted  Flyer 

0.66  (0.30,1.45) 

0.301 

Enlisted  Groundcrew 

0.90  (0.59,1.39) 

0.642 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|§§| Jj  Analysis  Results  fpr  Log*  (Initial  Dioxin)®  . ! 

'V  £  Dioxin  "n'’  V 

1  Estiiifiated  R^lhtive  Risk  1  to  3^33  t  '  > 

1.12(0.88,1.42)  0.377 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  12-10.  Analysis  of  SCL-90-R  Hostility  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

■  n 

(95%  C.I.)a 

llll :|j|  p-Value  ||  1  Illliilifill 

471 

0.94  (0.71,1.25) 

0.692 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BV  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

®  lit! 

mmnmm 

|t|  j!  Est.  Relative  Risk 
<95%  C.I.j"b 

p-Value 

Comparison 

1,211 

107  (8.8) 

Background  RH 

381 

22  (5.8) 

0.66  (0.41,1.07) 

0.090 

Low  RH 

239 

16  (6.7) 

0.73  (0.42,1.26) 

0.261 

High  RH 

239 

23  (9.6) 

1.05  (0.65,1.70) 

0.828 

Low  plus  High  RH 

478 

39  (8.2) 

0.88(0.60,1.30) 

0.512 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

■phshw^hi 

Dioxin  Category 

:  (95%c.i.)a 

Comparison 

1,196 

Background  RH 

374 

0.86  (0.52,1.40) 

0.536 

Low  RH 

236 

0.80  (0.46,1.40) 

0.440 

High  RH 

235 

0.84  (0.51,1.38) 

0.488 

Low  plus  High  RH 

471 

0.82  (0.55,1.22) 

0.333 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-10.  Analysis  of  SCL-90-R  Hostility  (Continued) 


(g)  MODEL  4:  RANCH  RANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics  :  ; 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%)  k‘ 

Dioxin  n  High 

:  i 

Estimated  Relative  Risk 

(95%  C.L)a  p- Value 

1.19(1.01,1.41)  0.045 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
.  (95%C.I.)a  - 


p- Value 


845 


1.01  (0.84,1.23) 


0.889 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  marginally  significant  difference  in  the  prevalence  of  high  SCL-90-R  hostility  scores  was  found  among 
Ranch  Hands  in  the  background  dioxin  category  (5.8%)  and  Comparisons  (8.8%)  from  the  Model  3 
unadjusted  analysis  (Table  12-10(e):  p=0.090,  Est.  RR=0.66).  After  adjustment  for  covariates,  the 
difference  was  nonsignificant  (Table  12-  10(f):  p=0.536),  as  well  as  all  other  Model  3  contrasts  (Table 
12-10(e,f):  p>0.26  for  all  remaining  contrasts). 

The  Model  4  unadjusted  analysis  showed  a  significant  positive  association  between  the  1987  dioxin  levels 
and  the  prevalence  of  high  SCL-90-R  hostility  scores  (Table  12-10(g):  p=0.045,  Est.  RR=1.19).  After 
covariates  were  included  in  the  model,  the  association  was  nonsignificant  (Table  12-10(h):  p=0.889). 

12.2.2.2.4  SCL-90-R  Interpersonal  Sensitivity 

The  interpersonal  sensitivity  dimension  focuses  on  feelings  of  personal  inadequacy  and  inferiority, 
particularly  in  comparison  with  others.  Self-deprecation,  feelings  of  uneasiness,  and  marked  discomfort 
during  interpersonal  interactions  are  characteristic  manifestations  of  this  syndrome.  In  addition, 
individuals  with  high  scores  on  interpersonal  sensitivity  report  acute  self-consciousness  and  negative 
expectations  concerning  the  communications  and  interpersonal  behaviors  with  others.  The  symptoms 
comprising  the  interpersonal  sensitivity  dimension  are  feeling  critical  of  others,  feeling  shy  or  uneasy 
with  the  opposite  sex,  having  feelings  easily  hurt,  feeling  others  do  not  understand  or  are  unsympathetic 
to,  feeling  that  people  are  unfriendly  or  dislike  you,  feeling  inferior  to  others,  feeling  uneasy  when  people 
are  watching  or  talking  about  you,  feeling  very  self-conscious  with  others,  and  feeling  uncomfortable 
about  eating  or  drinking  in  public. 

The  Model  1  unadjusted  analysis  of  SCL-90-R  interpersonal  sensitivity  revealed  marginally  significant 
differences  between  Ranch  Hands  and  Comparisons  examined  across  all  occupational  strata  and  within 
the  enlisted  flyer  stratum  (Table  12-1 1(a):  p=0.066,  Est.  RR=0.80;  p=0.072,  Est.  RR=0.59,  respectively). 
The  results  remained  marginally  significant  for  the  contrast  of  Ranch  Hands  and  Comparisons  across  all 
occupations  in  the  adjusted  analysis  and  became  significant  for  the  enlisted  flyer  contrast  (Table  12-1 1(b): 
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p=0.070,  Adj.  RR=0.79;  p=0.029,  Adj.  RR=0.52,  respectively).  Both  contrasts  showed  that  Comparisons 
had  an  increased  prevalence  of  high  SCL-90-R  interpersonal  sensitivity  scores  over  Ranch  Hands  (16.4% 
vs.  13.5%  for  all  occupations  combined  and  22.5%  vs.  14.7%  for  enlisted  flyers).  All  other  Model  1 
contrasts  were  nonsignificant  (Table  12-1  l(a,b):  p>0.27  for  all  remaining  contrasts). 


Table  12-11.  Analysis  of  SCL-90-R  Interpersonal  Sensitivity 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


O<^up0i6ii^/;> 

SSBiMSl 

n 

1  !>  Number  (%) 

|  :§if!g| 

Est.  Relative  Risk 
(95%  C.I.) 

p- Value 

AU 

Ranch  Hand 

866 

117(13.5) 

0.80(0.62,1.02) 

0.066 

Comparison 

1,249 

205  (16.4) 

Officer 

Ranch  Hand 

341 

25  (7.3) 

0.90  (0.53,1.51) 

0.679 

Comparison 

493 

40  (8.1) 

Enlisted  Flyer 

Ranch  Hand 

150 

22  (14.7) 

0.59  (0.34,1.05) 

0.072 

Comparison 

187 

42  (22.5) 

Enlisted 

Ranch  Hand 

375 

70(18.7) 

0.83  (0.60,1.15) 

0.272 

Groundcrew 

Comparison 

569 

123  (21.6) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

Adjusted  Relative  Risk 

All 

0.79(0.61,1.02) 

0.070 

Officer 

0.93  (0.55,1.56) 

0.772 

Enlisted  Flyer 

0.52  (0.28,0.93) 

0.029 

Enlisted  Groundcrew 

0.86  (0.61,1.20) 

0.366 

(c)  MODEL  RANCH  HANDS  -  INITIAL  DIOXIN  -  IN  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Initial  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.tf  p-Value 

Low  160  27  (16.9) 

Medium  161  26(16.2) 

High  157  26(16.6) 

0.98(0.81,1.18)  0.798 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(dl  MODEL  2:  K. 

NO 

IH$Nt 

m 

.'-.i 

-  Initial  dioxin -  Adjusted 

:  .  A'.‘f v-'. 

■ .  -"V'v  < '•  ‘.’0*  ?-  -V'Y 

■■■  ■  ,  :■  ;  ■ 

it 

|  '< 
•>  •  | 

Adjusted  Relative  Risk 

.  (95%  ■&!.)».  .  p-Value 

-  -.vy—r  - •  . .  :  -  -  :  g  T  rr-r* 

471 _ 0.78  (0.62,0.97) _ 0.026 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  12-11.  Analysis  of  SCL-90-R  Interpersonal  Sensitivity  ( Continued ) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  I  *  Est  Relative  Risk 

lllui  |  i,' v.  f. 

High  (95%  C.I.)ab 

p- Value 

Comparison 

1,211 

198  (16.4) 

Background  RH 

381 

37  (9.7)  0.57  (0.39,0.83) 

0.003 

Low  RH 

239 

36(15.1)  0.90(0.61,1.32) 

0.586 

High  RH 

239 

43(18.0)  1.08(0.75,1.56) 

0.672 

Low  plus  High  RH 

478 

79(16.5)  0.99(0.74,1.31) 

0.923 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADjyS'pep5|  f  III 

(95%C.I.)a 

p-Value 

Comparison 

1,196 

Background  RH 

374 

0.73  (0.49,1.07) 

0.110 

Low  RH 

236 

0.92  (0.62,1.38) 

0.698 

High  RH 

235 

0.77(0.53,1.14) 

0.190 

Low  plus  High  RH 

471 

0.84  (0.63,1.14) 

0.270 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


j  (g)  MODEM*  -  1987  Dl6^E|-UNADJUS^BDf  |  |l|^|j|||pi||  |  |§  |  gj  gggf 

^  iif?  i,  Category '^unmiai^' Statics 

H§f gg v |  Analysis  Results  for  Log*  (1987  Dioxin  +  |pj  |||g  , *  x 

1987  Number  ( %) 

Dioxin  n  High 

Jfv  Estimated  RelativeRisk  |  Jjlffif  1  B 

(95%  CX)a  p-Value 

Low  288  28  (9.7) 

Medium  287  39(13.6) 

High  284  49  (17.3) 

1.12(0.98,1.28)  0.090 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  12-11.  Analysis  of  SCL-90-R  Interpersonal  Sensitivity  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

'l  s  7  *  %lv  V*.’  $.*  '  IMjpsht&Biei^tivg'Risk  '  '  t  1 

n  (95%  C.I.)a 

p-Value 

845  0.95(0.82,1.10) 

0.511 

3  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

The  Model  2  unadjusted  analysis  of  the  association  between  initial  dioxin  and  SCL-90-R  interpersonal 
sensitivity  scores  was  nonsignificant  (Table  12-1 1(c):  p=0.798).  After  adjustment  for  covariates,  the 
association  became  significant  (Table  12-1 1(d):  p=0.026,  Adj.  RR=0.78).  The  prevalence  of  high  SCL- 
90-R  interpersonal  sensitivity  scores  decreased  as  initial  dioxin  increased. 

A  significant  difference  between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  was 
found  from  the  unadjusted  Model  3  analysis  of  SCL-90-R  interpersonal  sensitivity  (Table  12-1 1(e): 
p=0.003,  Est.  RR=0.57).  The  prevalence  of  high  SCL-90-R  scores  was  greater  among  Comparisons 
(16.4%)  than  among  Ranch  Hands  in  the  background  dioxin  category  (9.7%).  All  other  Model  3 
unadjusted  contrasts,  as  well  as  all  adjusted  contrasts,  were  nonsignificant  (Table  12-1  l(e,f):  p>0.1 1  for 
all  remaining  contrasts). 

The  result  from  the  Model  4  unadjusted  analysis  of  SCL-90-R  interpersonal  sensitivity  was  marginally 
significant,  indicating  a  positive  association  with  the  1987  dioxin  levels  (Table  12-1 1(g):  p=0.090, 

Est.  RR=1.12).  After  adjustment  for  covariates,  the  result  became  nonsignificant  (Table  12-1 1(h): 
p=0.511). 


12.2.2.2 SCL-90-R  Obsessive-Compulsive  Behavior 

The  obsessive-compulsive  dimension  reflects  symptoms  that  are  highly  identified  with  the  standard 
clinical  syndrome  of  the  same  name.  This  measure  focuses  on  thoughts,  impulses,  and  actions  that  are 
experienced  as  unremitting  and  irresistible  by  the  individual  but  are  of  an  ego-alien  or  unwanted  nature. 
Behaviors  and  experiences  of  a  more  general  cognitive  performance  attenuation  also  are  included  in  this 
measure.  The  symptoms  comprising  the  obsessive-compulsive  dimension  are  experiencing  repeated 
unpleasant  thoughts  that  won’t  leave  the  mind,  having  trouble  remembering  things,  worrying  about 
sloppiness  or  carelessness,  feeling  blocked  in  getting  things  done,  having  to  do  things  very  slowly  to 
ensure  correctness,  having  to  check  and  double-check  what  is  done,  having  difficulty  making  decisions, 
having  mind  go  blank,  having  trouble  concentrating,  and  having  to  repeat  the  same  actions  (e.g.,  touching, 
counting,  washing). 

All  Model  1  and  2  analyses  of  SCL-90-R  obsessive-compulsive  behavior  were  nonsignificant,  both 
unadjusted  and  adjusted  for  covariates  (Table  12-12(a-d):  p>0.12  for  each  analysis). 
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Table  12-12.  Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

llllligiilill 

Est  Relative  Risk  ;i  S r 

(95%  CX)  r 

p- Value 

All 

Ranch  Hand 

866 

121  (14.0) 

0.83  (0.65,1.06) 

0.125 

Comparison 

1,249 

205  (16.4) 

Officer 

Ranch  Hand 

341 

30  (8.8) 

0.92  (0.57,1.48) 

0.718 

Comparison 

493 

47  (9.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

28  (18.7) 

0.82  (0.48,1.40) 

0.462 

Comparison 

187 

41  (21.9) 

Enlisted 

Ranch  Hand 

375 

63  (16.8) 

0.78  (0.56,1.09) 

0.150 

Groundcrew 

Comparison 

569 

117  (20.6) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

llllfclff  Adjusted  Relative  Risk 

Occupational  Category 

(95%  CX) 

| ypMaljie| 

All 

0.83  (0.65,1.07) 

0.157 

Officer 

0.95  (0.58,1.54) 

0.824 

Enlisted  Flyer 

0.77  (0.44,1.35) 

0.365 

Enlisted  Groundcrew 

0.81  (0.57,1.14) 

0.225 

(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -  UNADJUSTED 

1  M!  E 

iioxih  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Ifllliiiiliii 

Number  (%) 

High 

pi  JSsiti mat^df:^R!ejiativesRisk: **  *  % '  *  j£>  ; I W  '  v* 

;  ;  ;  (95%  C.T.)b  V  .  p  Value  : 

Low  160 

Medium  161 

High  157 

26  (16.3) 

27(16.8) 

24  (15.3) 

1.02  (0.85,1.23)  0.854 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

!i|;! 

1  1  Adjusted  Relative  Risk  tjt  ■  »  ! 

471 

6.89  (0.71,1.11) 

0.286 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  12-12.  Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

n 

■  =  Number  (%)  . 
High 

111  Esk  Relative  Risk 
(95%  C.I.)ab 

1  |§j|  |j  pfValue 

Comparison 

1,211 

198  (16.4) 

Background  RH 

381 

43(11.3) 

0.68  (0.48,0.97) 

0.032 

Low  RH 

239 

38  (15.9) 

0.96  (0.65,1.40) 

0.821 

High  RH 

239 

39  (16.3) 

0.96  (0.66,1.40) 

0.831 

Low  plus  High  RH 

478 

77(16.1) 

0.96  (0.72,1.28) 

0.773 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%C.I.)a 

Comparison 

1,196 

Background  RH 

374 

0.84  (0.58,1.21) 

0.340 

Low  RH 

236 

1.01  (0.68,1.50) 

0.948 

High  RH 

235 

0.72(0.48,1.07) 

0.103 

Low  plus  High  RH 

471 

0.85  (0.63,1.1 5) 

0.298 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -UNADJUSTED 

1 1  SlSiSS  Category  Summary 

Analysis  Results  for  Log2  (198^7  Dloxiji+l)  §01-1 

ggji  1987  jj|j | mmmu 

|  §  f|  |  pipxiiif  |Jgj||  l  High  ||jjl|p 

Low  288  30  (10.4) 

Medium  287  42  (14.6) 

High  284  48  (16.9) 

1.13(1.00,1.29)  0.058 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  12-12.  Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
n  /  .  (95%  C.I.)a  T 

Ifif  p- Value  ||il|||l|| 

845 _ 1.00  (0.87,1.16) _ 0.964 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  3  unadjusted  analysis  of  SCL-90-R  obsessive-compulsive  behavior  revealed  a  significant 
difference  in  the  prevalence  of  high  SCL-90-R  scores  between  Ranch  Hands  in  the  background  category 
(11.3%)  and  Comparisons  (16.4%)  (Table  12-12(e):  p=0.032,  Est.  RR=0.68).  The  result  was 
nonsignificant  after  adjustment  for  covariates  (Table  12- 12(f):  p=0.340).  All  other  Model  3  contrasts 
were  also  nonsignificant  (Table  12-12(e,f):  p>0.10  for  all  other  contrasts). 

A  marginally  significant  positive  association  was  found  between  the  1987  dioxin  levels  and  the 
prevalence  of  high  SCL-90-R  obsessive-compulsive  behavior  scores  from  the  unadjusted  Model  4 
analysis  (Table  12-12(g):  p=0.058,  Est.  RR=1.13).  After  adjustment  for  covariates,  the  association  was 
nonsignificant  (Table  12-12(h):  p=0.964). 

12.2.2.2.6  SCL-90-R  Paranoid  Ideation 

The  present  dimension  represents  paranoid  behavior  fundamentally  as  a  disordered  mode  of  thinking. 

The  cardinal  characteristics  of  projective  thought,  hostility,  suspiciousness,  grandiosity,  centrality,  fear  of 
loss  of  autonomy,  and  delusions  are  viewed  as  primary  reflections  of  this  disorder;  item  selection  was 
oriented  toward  representing  this  conceptualization.  The  symptoms  comprising  the  paranoid  ideation 
dimension  are  feeling  others  are  to  blame  for  most  of  your  troubles,  feeling  that  most  people  cannot  be 
trusted,  feeling  that  you  are  watched  or  talked  about  by  others,  having  ideas  and  beliefs  that  others  do  not 
share,  not  receiving  proper  credit  from  others  for  your  achievements,  and  feeling  that  people  will  take 
advantage  of  you  if  you  let  them. 

All  results  from  the  Model  1  and  2  analyses  of  SCL-90-R  paranoid  ideation  were  nonsignificant  (Table 
12-13(a-d):  p>0.19  for  each  examination). 


Table  12-13.  Analysis  of  SCL-90-R  Paranoid  Ideation 


Category 

mi 

High 

\  Est  Relative  Risk  /*' 

AU 

Ranch  Hand 

866 

57  (6.6) 

0.92  (0.65,1.30) 

0.627 

Comparison 

1,249 

89  (7.1) 

Officer 

Ranch  Hand 

341 

8  (2.4) 

0.77  (0.32,1.83) 

0.547 

Comparison 

493 

15  (3.0) 

Enlisted  Flyer 

Ranch  Hand 

150 

8  (5.3) 

0.56  (0.24,1.34) 

0.196 

Comparison 

187 

17  (9.1) 

Enlisted 

Ranch  Hand 

375 

41  (10.9) 

1.10(0.72,1.69) 

0.652 

Groundcrew 

Comparison 

569 

57  (10.0) 
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Table  12-13.  Analysis  of  SCL-90-R  Paranoid  Ideation  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CX) 

p-Value 

All 

0.98(0.68,1.40) 

0.898 

Officer 

0.84  (0.35,2.03) 

0.698 

Enlisted  Flyer 

0.56  (0.23,1.37) 

Enlisted  Groundcrew 

1.17(0.76,1.81) 

0.479 

(c)  M0pEE  m  PMCHmNPS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Ini tial  pioxin  Ga tegbry  Summary  Statistics 


IlliSiSill 

Number  (%) 

High 

i|i  Estimated  Relative  Risk  i  | 
(95%  C.I.)b  • 

§ |||  p-Value 

Low 

160 

8  (5.0) 

1.16(0.91,1.47) 

0.227 

Medium 

161 

15  (9.3) 

High 

157 

16  (10.2) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 


a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d>  MODEL  m  HAI0S  -  INITIAL  DIOXIN  -  ADJUSt^D  j  -  i ,  ^  1  > 


iSwWwwill® 

Analysis  Results  for  Log*  (Initial  Dioxin)  . 

mmmmm 

||Adjusted:Relative'^krpif 

(95:%C.I.)a 

: 

471 

0.88  (0.66,1.17) 

0.374 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNAPJUSTEI)  h  ft1! 

Number  (%) 

Est  Relative  Risk  .Jj 

||fl  If j  Dioxin  Category  Jg | 

ItlllllPWf! 

»>N> 

(95%.C.I.)“" 

p-Value 

Comparison 

1,211 

85  (7.0) 

Background  RH 

381 

17  (4.5) 

0.65  (0.38,1.10) 

0.110 

Low  RH 

239 

13  (5.4) 

0.75  (0.41,1.38) 

0.357 

High  RH 

239 

26  (10.9) 

1.56  (0.98,2.48) 

0.062 

Low  plus  High  RH 

478 

39  (8.2) 

1.08  (0.72,1.64) 

0.703 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-13.  Analysis  of  SCL-90-R  Paranoid  Ideation  (Continued) 


(f>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Adjusted  Relative  Risk 
(95%  C.I.)3 

Comparison 

1,196 

Background  RH 

374 

0.90  (0.51,1.57) 

0.702 

Low  RH 

236 

0.87  (0.47,1.61) 

0.657 

High  RH 

235 

1.16(0.71,1.89) 

0.559 

Low  plus  High  RH 

471 

1.00  (0.65,1.54) 

0.990 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  - 

UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

HI  ;§  |||  Analysis  Results  for  Log2  (1987  Dioxin  +  H®|!(iSil 

.  Dioxin  n  .  High 

M;:  "•  Estimated  ’Relative ;Rtek;:  f  l:-?' f 

:  (95%  C.I.)a  p-Value  : 

Low  288  14  (4.9) 

Medium  287  13  (4.5) 

High  284  29(10.2) 

1.21  (1.02,1.45)  0.032 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


§i®illl8|llllt§^ 

-  :  :■  n  ;  .  '•  ;;  .  (95%C.I.)a  ■'■  p-Value 

845  1 00  (0.82,1.20)  0.960 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  3  unadjusted  analysis  of  SCL-90-R  paranoid  ideation  revealed  a  marginally  significant 
difference  in  the  prevalence  of  high  SCL-90-R  scores  among  Ranch  Hands  in  the  high  dioxin  category 
(10.9%)  and  Comparisons  (7.0%)  (Table  12- 13(e):  p=0.062,  Est.  RR=1.56).  All  other  unadjusted 
contrasts  were  nonsignificant  (Table  12- 13(e):  p>0.11).  After  covariate  adjustment,  all  results  were 
nonsignificant  (Table  12- 13(f):  p>0.55  for  each  adjusted  contrast). 

A  significant  positive  association  between  the  prevalence  of  high  SCL-90-R  paranoid  ideation  scores  and 
the  1987  dioxin  levels  was  found  in  the  Model  4  unadjusted  analysis  (Table  12- 13(g):  p=0.032, 

Est.  RR=1.21).  The  result  was  nonsignificant  after  adjustment  for  covariates  (Table  12-1 3(h):  p=0.960). 
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12.2.2.2.7  SCL-90-R  Phobic  Anxiety 

Phobic  anxiety  is  defined  as  a  persistent  fear  response  to  a  specific  person,  place,  object,  or  situation  that 
is  characterized  as  being  irrational  and  disproportionate  to  the  stimulus  and  which  leads  to  avoidance  or 
escape  behavior.  The  items  of  the  present  dimension  focus  on  the  more  pathognomonic  and  disruptive 
manifestations  of  phobic  behavior.  The  symptoms  comprising  the  phobic  anxiety  dimension  are  feeling 
afraid  in  open  spaces  or  on  the  street;  feeling  afraid  to  go  out  of  the  house  alone;  feeling  afraid  to  travel 
on  buses,  subways,  or  trains;  having  to  avoid  certain  things,  places,  or  activities  because  they  are 
frightening;  feeling  uneasy  in  crowds,  such  as  while  shopping  or  at  a  movie;  feeling  nervous  when  left 
alone;  and  feeling  afraid  of  fainting  in  public. 

The  Model  1  unadjusted  and  adjusted  analyses  of  the  officer  stratum  revealed  that  Comparisons  had  a 
marginally  significant  higher  prevalence  of  high  SCL-90-R  phobic  anxiety  scores  than  Ranch  Hands 
(5.7%  vs.  2.9%)  (Table  12-14(a,b):  p=0.066,  Est.  RR=0.50;  p=0.090,  Adj.  RR=0.53,  respectively).  All 
other  Model  1  contrasts  were  nonsignificant  (Table  12-14(a,b):  p>0.13  for  all  remaining  contrasts). 


Table  12-14.  Analysis  of  SCL-90-R  Phobic  Anxiety 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

JillilWffllBillls 

High 

Est  Relative  Risk  ¥$% 
(95%  C.I.) 

lilt 

All 

Ranch  Hand 

866 

85  (9.8) 

0.93  (0.70,1.24) 

0.615 

Comparison 

1,249 

131  (10.5) 

Officer 

Ranch  Hand 

341 

10  (2.9) 

0.50  (0.24,1.05) 

0.066 

Comparison 

493 

28  (5.7) 

Enlisted  Flyer 

Ranch  Hand 

150 

15  (10.0) 

0.66  (0.34,1.29) 

0.223 

Comparison 

187 

27  (14.4) 

Enlisted 

Ranch  Hand 

375 

60(16.0) 

1.24  (0.86,1.78) 

0.258 

Groundcrew 

Comparison 

569 

76(13.4) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

SilillliS! 

I  11 1  <  Adjusted  Relative  Risk-4  i 

■  ;  (95%  C.I.) 

K®!8SS!Sili  - 

All 

0.92  (0.68,1.24) 

0.570 

Officer 

0.53  (0.25,1.11) 

Enlisted  Flyer 

0.59  (0.29,1.18) 

0.136 

Enlisted  Groundcrew 

1.24(0.85,1.81) 
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Table  12-14.  Analysis  of  SCL-90-R  Phobic  Anxiety  (Continued) 


(c)  MODEL  2:  RAN^ 

-UNADJUSTED 

1 1 1 1 1  Initial  DioxinCategory  Summary  Statistics  |  f  | 

Analysis  Results  for  Log2  (Initial  Dioxin)0 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  160  17  (10.6) 

Medium  161  19(11.8) 

High  157  26  (16.6) 

1.18(0.97,1.44)  0.100 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS 

-  INITIAL  DIOXIN  -  ADJUSTED 

^Analysis  Results  for  Log2  (Initial  Dioxin)  J?  j  $•; 

Adjusted  Relative  Risk 

p- Value 

471 

0.89  (0.70,1.12) 

0.315 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY 

■■■■■■"  :  -  ■  .  .  .  '  . '  .1;  'a-g-v  .... 

ifisSii  :Nufofief-(?ic>);::i'  till 

Est  Relative  Risk'  1 
(95%  C.I.i*- 

Comparison 

1,211 

126  (10.4) 

Background  RH 

381 

22  (5.8) 

0.53  (0.33,0.85) 

0.009 

Low  RH 

239 

25  (10.5) 

1.00  (0.64,1.58) 

0.986 

High  RH 

239 

37  (15.5) 

1.57(1.05,2.33) 

0.027 

Low  plus  High  RH 

478 

62  (13.0) 

1.25  (0.90,1.74) 

0.177 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-14.  Analysis  of  SCL-90-R  Phobic  Anxiety  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category 

jff/'f  ^  1  '4 ' 

(95%C.I.)a 

§§! f  p-Yalue  llllllliil 

Comparison 

1,196 

Background  RH 

374 

0.65  (0.40,1.06) 

0.086 

Low  RH 

236 

1.04(0.65,1.67) 

0.872 

High  RH 

235 

1.11  (0.72,1.70) 

0.647 

Low  plus  High  RH 

471 

1.07(0.76,1.52) 

0.694 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  High 

1  >  Estimated  Relative  Risk  v 
;  (95%  C.I.)a 

p-Value 

Low  288  15  (5.2) 

Medium  287  27  (9.4) 

High  284  42(14.8) 

1.28(1.11,1.48) 

0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


<M  MODEL  4:  JtANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin +1) 

Adjusted  Relative  Risk 
(95%  C.I.)9 


p-Value 


845 


1.03(0.88,1.21) 


0.727 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  revealed  a  marginally  significant  positive  association  between  initial 
dioxin  and  the  prevalence  of  high  SCL-90-R  phobic  anxiety  scores  (Table  12- 14(c):  p=0.100, 

Est.  RR=1.18).  After  adjustment  for  covariates,  the  association  was  nonsignificant  (Table  12- 14(d): 
p=0.315,  Adj.  RR=0.89). 

Significant  differences  among  Comparisons  and  Ranch  Hands  in  both  the  background  and  high  dioxin 
categories  were  found  from  the  unadjusted  Model  3  analysis  of  SCL-90-R  phobic  anxiety  (Table 
12-14(e):  p=0.009,  Est.  RR=0.53;  p=0.027,  Est.  RR=1.57,  respectively).  Higher  SCL-90-R  phobic 
anxiety  scores  were  more  prevalent  among  Comparisons  than  Ranch  Hands  in  the  background  dioxin 
category  (10.4%  vs.  5.8%).  Higher  phobic  anxiety  scores  were  more  prevalent  among  Ranch  Hands  in 
the  high  dioxin  category  than  Comparisons  (15.5%  vs.  10.4%).  Results  were  marginally  significant  for 
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the  adjusted  Ranch  Hand  background  dioxin  category  contrast  with  Comparisons  and  nonsignificant  for 
the  adjusted  contrast  of  Ranch  Hands  in  the  high  dioxin  category  with  Comparisons  (Table  12- 14(f): 
p=0.086,  Adj.  RR=0.65;  p=0.647,  respectively).  All  other  Model  3  contrasts  were  nonsignificant  (Table 
12-14(e,f):  p>0. 17  for  all  remaining  contrasts). 

The  results  from  the  Model  4  unadjusted  analysis  revealed  a  significant  positive  association  between  the 
1987  dioxin  levels  and  the  SCL-90-R  phobic  anxiety  scores  (Table  12- 14(g):  p=0.001,  Est.  RR=1.28). 
The  association  was  nonsignificant  after  adjustment  for  covariates  (Table  12- 14(h):  p=0.727). 

12.2.2.2.8  SCL-90-R  Psychoticism 

The  psychoticism  scale  was  developed  in  a  fashion  to  represent  the  construct  as  a  continuous  dimension 
of  human  experience.  Items  indicative  of  a  withdrawn,  isolated,  schizoid  lifestyle  were  included,  as  were 
first-rank  symptoms  of  schizophrenia,  such  as  hallucinations  and  thought-broadcasting.  The  symptoms 
comprising  the  psychoticism  dimension  are  having  the  idea  that  someone  else  can  control  your  thoughts, 
hearing  voices  that  other  people  do  not  hear,  believing  that  other  people  are  aware  of  your  private 
thoughts,  having  thoughts  that  are  not  your  own,  feeling  lonely  even  when  you  are  with  people,  having 
thoughts  about  sex  that  bother  you  a  lot,  believing  that  you  should  be  punished  for  your  sins,  thinking  that 
something  serious  is  wrong  with  your  body,  never  feeling  close  to  another  person,  and  thinking  that 
something  is  wrong  with  your  mind. 

The  contrast  combining  all  occupations  from  the  Model  1  unadjusted  analysis  of  SCL-90-R  psychoticism 
revealed  a  marginally  significant  difference  in  the  prevalence  of  higher  scores  (Table  12-15(a):  p=0.084, 
Est.  RR=0.80).  The  prevalence  of  high  psychoticism  scores  was  greater  for  Comparisons  than  for  Ranch 
Hands  (14.7%  vs.  12.1%).  The  results  were  nonsignificant  in  the  adjusted  analysis,  as  well  as  for  all  other 
Model  1  contrasts  (Table  12-15(a,b):  p>0.11  for  all  remaining  contrasts). 


Table  12-15.  Analysis  of  SCL-90-R  Psychoticism 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

fkjs|$  ! $$$•  1  If; >1$  ■ 

|'^|;C^tegbry  j  ;|8l 

jMHMKRH 

Number  (%) 

High  1  ; 

|  ’  Est.  Relative  Risk 

All 

Ranch  Hand 

866 

105  (12.1) 

0.80  (0.62,1.03) 

0.084 

Comparison 

1,249 

184  (14.7) 

Officer 

Ranch  Hand 

341 

21  (6.2) 

0.65  (0.38,1.12) 

0.121 

Comparison 

493 

45  (9.1) 

Enlisted  Flyer 

Ranch  Hand 

150 

19  (12.7) 

0.73  (0.39,1.35) 

0.317 

Comparison 

187 

31  (16.6) 

Enlisted 

Ranch  Hand 

375 

65  (17.3) 

0.90  (0.64,1.26) 

0.522 

Groundcrew 

Comparison 

569 

108  (19.0) 

^  A)|MODEL  1: 

iU  ; 

iSiPMllBlIll 

p-Value 

AU 

0.81  (0.62,1.06) 

0.116 

Officer 

0.68  (0.39,1.17) 

0.162 

Enlisted  Flyer 

0.67  (0.36,1.27) 

0.223 

Enlisted  Groundcrew 

0.92  (0.65,1.31) 

0.651 
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Table  12-15.  Analysis  of  SCL-90-R  Psychoticism  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

j  §  Analysis  Results  for  Log2  (Initial  Dioxin)8  §§  1 1 

Initial  Number  (%) 

Dioxin  n  High 

i!  Estimated  Relative  Risk  fi 

(95%  CX)"  p- Value 

Low  160  20(12.5) 

Medium  161  26(16.2) 

High  157  25  (15.9) 

1.19(0.99,1.44)  0.065 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

?  vfl  ^ 

Analysis  Results  for  Logi  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%  Cl.)8 

fflffl  p- Value  liliiiSlliillll 

471 

0.98  (0.78,1.22) 

0.838 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED  vi 

n 

|T  Number  (%)/  £$ 

Si  ®:4Est.  RelativeRislc  ,v|;i  !j 
(95%  C.I.)ab 

illiiiwwilii 

Comparison 

1,211 

176  (14.5) 

Background  RH 

381 

33  (8.7) 

0.58  (0.39,0.86) 

0.006 

Low  RH 

239 

28(11.7) 

0.77  (0.51,1.18) 

0.237 

High  RH 

239 

43  (18.0) 

1.25  (0.86,1.81) 

0.235 

Low  plus  High  RH 

478 

71  (14.9) 

0.98  (0.73,1.33) 

0.914 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-15.  Analysis  of  SCL-90-R  Psychoticism  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Dioxin  Category 

M#!  li|| 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,196 

Background  RH 

374 

0.71  (0.47,1.07) 

Low  RH 

236 

0.83(0.53,1.28) 

High  RH 

235 

0.95  (0.64,1.40) 

Low  plus  High  RH 

471 

0.88  (0.65,1.21) 

0.447 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  High 

(95%  C.I.)a  p- Value  :  . .  ;-q  | 

Low  288  24  (8.3) 

Medium  287  30  (10.5) 

High  284  50  (17.6) 

1.24(1.08,1.42)  0.002 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

;  n  ...  (95%  C.I.)8 

g|||: 

845  1.06(0.91,1.23) 

0.484 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  2  unadjusted  analysis  revealed  a  marginally  significant  positive  association  between  initial 
dioxin  and  SCL-90-R  psychoticism  scores  (Table  12- 15(c):  p=0.065,  Est.  RR=1.19).  After  adjustment 
for  covariates,  the  association  was  nonsignificant  (Table  12-15(d):  p=0.838). 

A  significant  difference  in  the  prevalence  of  high  SCL-90-R  psychoticism  scores  was  found  in  the 
unadjusted  Model  3  analysis  between  Ranch  Hands  in  the  background  category  (8.7%)  and  Comparisons 
(14.5%)  (Table  12- 15(e):  p=0.006,  Est.  RR=0.58).  Results  became  nonsignificant  after  co variate 
adjustment  (Table  12-  15(f):  p=0.104).  All  other  Model  3  contrasts  were  nonsignificant  (Table 
12-15(e,f):  p>0.23  for  all  remaining  contrasts). 
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The  positive  association  between  the  1987  dioxin  levels  and  the  SCL-90-R  psychoticism  scores  was 
significant  in  the  Model  4  unadjusted  analysis  (Table  12-15(g):  p=0.002,  Est.  RR=1.24).  The  result 
became  nonsignificant  after  covariate  adjustment  (Table  12- 15(h):  p=0.484). 


12.2.2.2.9  SCL-90-R  Somatization 

The  somatization  dimension  reflects  distress  arising  from  perceptions  of  bodily  dysfunction.  Complaints 
focusing  on  cardiovascular,  gastrointestinal,  respiratory,  and  other  systems  with  strong  autonomic 
mediation  are  included.  Headaches,  pain,  and  discomfort  of  the  gross  musculature  and  additional  somatic 
equivalents  of  anxiety  are  components  of  the  definition.  These  symptoms  and  signs  have  all  been 
demonstrated  to  have  high  prevalence  in  disorders  demonstrated  to  have  a  functional  etiology,  although 
all  may  be  reflections  of  true  physical  disease.  The  symptoms  comprising  the  somatization  dimension  are 
headaches,  faintness  or  dizziness,  pains  in  heart  or  chest,  pains  in  lower  back,  nausea  or  upset  stomach, 
soreness  of  muscles,  trouble  getting  breath,  hot  or  cold  spells,  numbness  or  tingling  in  parts  of  body,  lump 
in  throat,  weakness  in  parts  of  body,  and  heavy  feelings  in  arms  or  legs. 

All  Model  1  unadjusted  and  adjusted  results  from  the  analysis  of  SCL-90-R  somatization  were 
nonsignificant  (Table  12-16(a,b):  p>0.13  for  each  contrast). 


Table  12-16.  Analysis  of  SCL-90-R  Somatization 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  f  UNADJUSTED 


,  'h  O^upatioiial  ; 
$pEpategory 

!  Group 

r  /  J  y'iL  •"*  1 

:  Number  (%)  ; 
High  y 

Est  Relative  Risk  |  J-K 
:  (95%  C.I.) 

Miiiiiiii} 

All 

Ranch  Hand 

866 

143  (16.5) 

1.03  (0.82,1.30) 

0.797 

Comparison 

1,249 

201  (16.1) 

Officer 

Ranch  Hand 

341 

25  (7.3) 

1.00  (0.59,1.71) 

0.987 

Comparison 

493 

36  (7.3) 

Enlisted  Flyer 

Ranch  Hand 

150 

33  (22.0) 

0.73  (0.44,1.21) 

0.223 

Comparison 

187 

52  (27.8) 

Enlisted 

Ranch  Hand 

375 

85  (22.7) 

1.18(0.86,1.62) 

0.300 

Groundcrew 

Comparison 

569 

113(19.9) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


AU 

1.02  (0.80,1.31) 

0.847 

Officer 

1.02  (0.60,1.74) 

Enlisted  Flyer 

0.67(0.40,1.13) 

Enlisted  Groundcrew 

1.22(0.88,1.70) 
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Table  12-16.  Analysis  of  SCL-90-R  Somatization  (Continued) 


(c)  MODEt  2:  RANCH  HANDS  -  INH’L\L  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)a  |  § 

Initial  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  160  34  (21.3) 

Medium  161  33  (20.5) 

High  157  31  (19.8) 

0.98  (0.83,1.17)  0.840 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

/ij' .1 

Ppp  1  ^  Adjusted  Relative  Risk  1  - S 

■  ■  ■:  n 

(95%C.I.)a 

,  p- Value  ,  lllllll  I| 

471 

0.76  (0.62,0.94) 

0.010 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  D 

IOXIN  CATgGpRY 

Sfl|iM|pg|||||| 

Number  (%) 

Est  Relative  Risk 

lililiilpIliSiitlli 

Dioxin  Category 

.  n  ;  :  High 

.  (95%  C.I.)ab  • 

Comparison 

1,211  194(16.0) 

Background  RH 

381  44(11.6) 

0.71  (0.50,1.01) 

0.056 

Low  RH 

239  48(20.1) 

1.31  (0.92,1.86) 

0.136 

High  RH 

239  50  (20.9) 

1.34  (0.95,1.91) 

0.098 

Low  plus  High  RH 

478  98  (20.5) 

1.33(1.01,1.74) 

0.042 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  12-16.  Analysis  of  SCL-90-R  Somatization  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

^111111 

Dioxin  Category 

#3;  J:;: 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,196 

Background  RH 

374 

0.92(0.63,1.34) 

0.669 

Low  RH 

236 

1.36  (0.93,1.97) 

0.108 

High  RH 

235 

0.92  (0.63,1.33) 

0.643 

Low  plus  High  RH 

471  , 

1.11  (0.84,1.48) 

0.457 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  - 

UNADJUSTED 

C^ateg°r3^’^«iTEjji^ary  -Statistics  J-|ff 

Analysis  Results  for  Log*  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  288  30  (10.4) 

Medium  287  51  (17.8) 

High  284  61  (21.5) 

1.16(1.03,1.31)  0.013 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(hi  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

|#^Vaiuer  J  lj;1 

845  0.95(0.83,1.09) 

0.458 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  analysis  of  the  association  between  initial  dioxin  (Model  2)  and  the  prevalence  of 
SCL-90-R  somatization  showed  no  significant  results  (Table  12-16(c):  p=0.840).  After  adjustment  for 
covariates,  the  association  became  significant  and  negative  (Table  12- 16(d):  p=0.010,  Adj.  RR=0.76). 

As  initial  dioxin  increased,  the  prevalence  of  high  somatization  scores  decreased. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  the  prevalence  of  high 
SCL-90-R  somatization  scores  between  Ranch  Hands  in  the  background  dioxin  category  (1 1.6%)  and 
Comparisons  (16.0%)  (Table  12-16(e):  p=0.056,  Est.  RR=0.71).  Results  were  also  marginally  significant 
for  the  Ranch  Hands  in  the  high  dioxin  category  contrast,  where  more  Ranch  Hands  (20.9%)  than 
Comparisons  (16.0%)  had  a  high  somatization  score  (Table  12-16(e):  p=0.098,  Est.  RR=1.34).  Similarly, 
results  were  significant  for  the  low  and  high  dioxin  categories  combined,  where  more  Ranch  Hands 
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(20.5%)  had  a  high  somatization  score  than  did  Comparisons  (16.0%)  (Table  12-16(e):  p=0.042, 

Est.  RR=1.33).  All  contrasts  were  nonsignificant  when  adjusted  for  covariates  (Table  12-16(f):  p>0.10). 

The  Model  4  unadjusted  analysis  revealed  a  significant  positive  association  between  the  1987  dioxin 
levels  and  the  prevalence  of  SCL-90-R  somatization  scores  (Table  12-16(g):  p=0.013,  Est.  RR=1.16). 
The  result  was  nonsignificant  after  covariate  adjustment  (Table  12- 16(h):  p=0.458). 

12. 2. 2.2.10  SCL-90-R  Global  Severity  Index  ( GSI) 

The  GSI  represents  the  best  single  indicator  of  the  current  level  or  depth  of  the  disorder  and  should  be 
used  in  most  instances  where  a  single  summary  measure  is  required.  The  GSI  combines  information  on 
numbers  of  symptoms  and  intensity  of  perceived  distress. 

A  marginally  significant  difference  between  Ranch  Hand  and  Comparison  enlisted  flyers  was  found  from 
the  Model  1  unadjusted  and  adjusted  analyses  of  SCL-90-R  GSI  (Table  12-17(a,b):  p=0.091, 

Est.  RR=0.61;  p=0.066,  Adj.  RR=0.57,  respectively).  More  Comparison  enlisted  flyers  (21.9%)  than 
Ranch  Hand  enlisted  flyers  (14.7%)  displayed  high  GSI  scores.  All  other  Model  1  contrasts  and  each 
Model  2  analysis  were  nonsignificant  (Table  12-17(a-d):  p>0.15  for  each  analysis). 


Table  12-17.  Analysis  of  SCL-90-R  Global  Severity  Index  (GSI) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

liiiiii 

^Occupational 

Group  :  v.' 

't-An 

Est  Relative  Risk 
'  (95%  CX) 

AU 

Ranch  Hand 

866 

118(13.6) 

0.85(0.67,1.09) 

0.204 

Comparison 

1,249 

195  (15.6) 

Officer 

Ranch  Hand 

341 

23  (6.7) 

0.89  (0.52,1.53) 

0.676 

Comparison 

493 

37  (7.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

22(14.7) 

0.61  (0.35,1.08) 

0.091 

Comparison 

187 

41  (21.9) 

Enlisted 

Ranch  Hand 

375 

73  (19.5) 

0.93  (0.67,1.29) 

0.681 

Groundcrew 

Comparison 

569 

117(20.6) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ~  ADJUSTED 

Occupational  Category  (95%  CX)  p- Value 


All 

0.87(0.67,1.13) 

0.285 

Officer 

0.93(0.54,1.61) 

0.805 

Enlisted  Flyer 

0.57  (0.32,1.04) 

0.066 

Enlisted  Groundcrew 

0.97  (0.70,1.36) 

0.876 
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Table  12-17.  Analysis  of  SCL-90-R  Global  Severity  Index  (GSI)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

~  1  i  >  \  JEjgfr*  '**■> *'  ' 

$  Estimated  Relative  Risk  iillllf  ill  ’  I 

(95%  CX)b  p- Value 

Low  160  23  (14.4) 

Medium  161  30(18.6) 

High  157  29  (18.5) 

1.08(0.90,1.29)  0.415 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


SSiMIHiS  Ranch  hands^  initial  dioxin  -  adjusted  1  if  1  IlffS  H  ( |  Hi 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
n  (95%C.I.)a 

471  0.86(0.69,1.0 6) 

0.157 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-^ADJllSTpp;  V  III  1 

lllliillillii 

|f -l:Niimip8T^)  |  V ?  [ 

jl  Est.  Relative  Risk  1 1 
;  (95%  C.I.Vb 

Comparison 

1,211 

185  (15.3) 

Background  RH 

381 

35  (9.2) 

0.59  (0.40,0.87) 

0.007 

Low  RH 

239 

35  (14.6) 

0.94  (0.63,1.39) 

0.754 

High  RH 

239 

47  (19.7) 

1.30  (0.91,1.86) 

0.153 

Low  plus  High  RH 

478 

82  (17.2) 

1.10(0.83,1.47) 

0.500 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  12-17.  Analysis  of  SCL-90-R  Global  Severity  Index  (G$l)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category 

|E|'v 

(95%  C.I.)a 

p-Value 

Comparison 

1,196 

Background  RH 

374 

0.77  (0.51,1.15) 

0.200 

Low  RH 

236 

1.03  (0.69,1.55) 

0.877 

High  RH 

235 

0.93  (0.64,1.36) 

0.711 

Low  plus  High  RH 

471 

0.98  (0.73,1.32) 

0.897 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1  If  j| §gl  Analysis  Results  for  Log2  (1987  Dioxinj4*i)|/  Jiff Ij }§  | 

1987  Number  (%) 

Dioxin  n  High 

J§  Estimated  Relative  Risk  1 
(95%  C.I.)a 

p- Value 

Low  288  23  (8.0) 

Medium  287  38  (13.2) 

High  284  56  (19.7) 

1.24(1.09,1.41) 

0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
(95%C.I.)a 


p-  Value 


845 


1.04(0.90,1.21) 


0.555 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  analysis  of  Model  3  revealed  an  increased  prevalence  of  high  SCL-90-R  GSI  scores 
among  Comparisons  (15.3%)  than  among  Ranch  Hands  in  the  background  category  (9.2%)  (Table 
12-17(e):  p=0.007,  Est.  RR=0.59).  Analysis  of  this  contrast  when  adjusted  for  covariates  was 
nonsignificant  (p=0.200),  as  were  all  other  Model  3  contrasts  (Table  12- 17(f):  p>0.15  for  all  other 
contrasts). 

Examination  of  the  association  between  1987  dioxin  levels  and  the  prevalence  of  high  SCL-90-R  GSI 
scores  revealed  a  significant  positive  result  (Table  12-17(g):  p-0.001,  Est.  RR=1.24).  The  prevalence  of 
high  GSI  scores  increased  as  1987  dioxin  levels  increased.  The  adjusted  analysis  was  nonsignificant 
(Table  12- 17(h):  p=0.555). 
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12.2.2.2. 1 1  SCL-90-R  Positive  Symptom  Total  ( PST) 

The  PST  is  simply  a  count  of  the  number  of  symptoms  the  participant  reports  as  experiencing  to  any 
degree.  When  used  configurally  in  conjunction  with  the  GSI,  information  on  style  of  response  and 
numbers  of  symptoms  endorsed  can  be  helpful  in  appreciating  the  clinical  picture. 

The  results  from  both  the  unadjusted  and  adjusted  Model  1  analyses  of  SCL-90-R  PST  across  all 
occupations  showed  a  marginally  significant  difference  between  Ranch  Hands  and  Comparisons  (Table 
12-18(a,b):  p=0.076,  Est.  RR=0.81;  p=0.083,  Adj.  RR=0.80,  respectively).  The  prevalence  of  high 
SCL-90-R  PST  scores  was  greater  among  Comparisons  (17.1%)  than  among  Ranch  Hands  (14.2%).  All 
other  Model  1  contrasts  were  nonsignificant  (Table  12-18(a,b):  p>0.16  for  all  remaining  contrasts). 


Table  12-18.  Analysis  of  SCL-90-R  Positive  Symptom  Total  (PST) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

-  tfNAD  JUS1] 

Number  (%) 
High 

iwj-Pgilsp 

Est' Relative  Risk  §  illlilfi 

1 1  Hiill  j  p-Value  lUlil 

All 

Ranch  Hand 

866 

123  (14.2) 

0.81  (0.63,1.02) 

0.076 

Comparison 

1,249 

213(17.1) 

Officer 

Ranch  Hand 

341 

25  (7.3) 

0.77  (0.46,1.28) 

0.310 

Comparison 

493 

46  (9.3) 

Enlisted  Flyer 

Ranch  Hand 

150 

26  (17.3) 

0.72  (0.42,1.25) 

0.245 

Comparison 

187 

42  (22.5) 

Enlisted 

Ranch  Hand 

375 

72(19.2) 

0.84  (0.61,1.17) 

0.306 

Groundcrew 

Comparison 

569 

125  (22.0) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

^!!P  Adjust  Relative  Risk!  <!  j,  7%i 
(95%  C.I.) 

All 

0.80(0.62,1.03) 

0.083 

Officer 

0.80(0.48,1.33) 

0.382 

Enlisted  Flyer 

0.67(0.38,1.18) 

0.168 

Enlisted  Groundcrew 

0.86  (0.61,1.20) 

0.365 

(c)MODEL  2;  RANOTE^lNDS  H  -  UNADJUSTED  Ud  i 

k  pflf |  IhitialDioxin  $ 

j|g§|j ..  |  Ahalysis5fteW^|S^^^'|^il^<Bij53d4)*;  gjgf|fj| 

K  v'|na^al  |^MM  J|  >  f 

'$  i  ^'|DioXiI^  i  ^  ^  i|j 

Estimated  Relative  Risk  $ 

flit  „ 

Low  160  23(14.4) 

Medium  161  34(21.1) 

High  157  28  (17.8) 

1.04(0.87,1.25)  0.647 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  12-18 .  Analysis  of  SCL-90-R  Positive  Symptom  Total  (PST)  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

J3S  Analysis  Results  for  Log2  '(Initial  Dioxin)  >|f<-  f  ^ 

Adjusted  Relative  Risk 

tlltlMlSIii 

(95%  CX)° 

p- Value 

471 

0.82(0.66,1.02) 

0.067 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

iiiiHiiHii 

Est.  Relative  Risk 

pin 

p-Value 

Comparison 

1,211 

204  (16.9) 

Background  RH 

381 

36  (9.5) 

0.54  (0.37,0.78) 

0.001 

Low  RH 

239 

40  (16.7) 

0.98  (0.68,1.42) 

0.921 

High  RH 

239 

45  (18.8) 

1.10(0.77,1.58) 

0.604 

Low  plus  High  RH 

478 

85  (17.8) 

1.04  (0.79,1.37) 

0.790 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Adjusted  Relative  Risk 

Comparison 

1,196 

Background  RH 

374 

0.67  (0.45,0.99) 

0.045 

Low  RH 

236 

1.04(0.71,1.54) 

0.830 

High  RH 

235 

0.78  (0.53,1.15) 

0.209 

Low  plus  High  RH 

471 

0.90(0.67,1.21) 

0.496 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  12-18.  Analysis  of  SCL-90-R  Positive  Symptom  Total  (PST)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

,  r  ‘ 1^87 Dioxin  CategorySummary  Statistics  \  ‘ 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  11  High 

Estimated  Relative  Risk 

(95%  C.L)a  p-Value 

Low  288  26  (9.0) 

Medium  287  37  (12.9) 

High  284  58  (20.4) 

1.22(1.07,1.38)  0.003 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(fc)  MODEL4:  RANteflAWS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Logi  (1987  Dioxin  + 1)  i  -lf|  f§fj  ; 

^  ~  Relative  Risk,'  ^  tSi  r<  % u  ^ 

(95%  C.I.)a  ■  '  ■  : :  p- Value 


845 


1.02  (0.89,1.18) 


0.764 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  association  between  initial  dioxin  and  SCL-90-R  PST  was  nonsignificant  in  the  Model  2  unadjusted 
analysis  but  marginally  significant  in  the  adjusted  analysis  (Table  12-18(c,d):  p=0.647,  Est.  RR=1.04; 
p=0.067,  Adj.  RR=0.82,  for  the  unadjusted  and  adjusted  analyses,  respectively).  After  adjustment,  PST 
scores  decreased  with  initial  dioxin. 

The  unadjusted  and  adjusted  results  from  the  Model  3  analysis  of  SCL-90-R  PST  displayed  a  significant 
difference  in  the  prevalence  of  high  SCL-90-R  PST  scores  between  Ranch  Hands  in  the  background 
category  (9.5%)  and  Comparisons  (16.9%)  (Table  12-18(e,f):  p=0.001,  Est.  RR=0.54;  p=0.045, 

Adj.  RR=0.67,  respectively).  All  other  Model  3  contrasts  were  nonsignificant  (Table  12-18(e,f):  p>0.20 
for  all  remaining  contrasts). 

The  Model  4  unadjusted  analysis  showed  a  significant  positive  association  between  1987  dioxin  levels 
and  the  prevalence  of  high  SCL-90-R  PST  scores  (Table  12-18(g):  p=0.003,  Est.  RR=1.22).  After 
adjustment  for  covariates,  the  association  was  nonsignificant  (Table  12-1 8(h):  p=0.764). 

12. 2.2. 2. 12  SCL-90-R  Positive  Symptom  Distress  Index  ( PSD1) 

The  PSDI  is  a  pure  intensity  measure,  in  a  sense,  “corrected”  for  numbers  of  symptoms.  It  functions 
primarily  as  a  measure  of  response  style  in  the  sense  of  communicating  whether  the  patient  is 
“augmenting”  or  “attenuating”  symptomatic  distress  in  his  style  of  reporting  his  disorder. 

All  results  from  the  analysis  of  SCL-90-R  PSDI  were  nonsignificant  for  Models  1,  2,  and  4  (Table 
12-19(a-d,g-h):  p>0.10  for  each  Model  1,  2,  and  4  analysis). 
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Table  12-19.  Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index  (PSDI) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

saw®®* 

Group 

liSiipilll! 

Number  (%) 

'*1  rj 

Est  Relative  Risk  1  If 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

866 

69  (8.0) 

1.20  (0.86,1.67) 

0.280 

Comparison 

1,249 

84  (6.7) 

Officer 

Ranch  Hand 

341 

14  (4.1) 

1.20  (0.58,2.47) 

0.622 

Comparison 

493 

17  (3.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

13  (8.7) 

0.84  (0.40,1.76) 

0.642 

Comparison 

187 

19(10.2) 

Enlisted 

Ranch  Hand 

375 

42(11.2) 

1.37  (0.88,2.12) 

0.158 

Groundcrew 

Comparison 

569 

48  (8.4) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

I  W  *  I  Adjusted  Relative  Risk 

IlllllllllllllSiSIflS! 

Occupational  Category 

p-Value 

All 

1.20  ( 0.86,1.69 ) 

0.283 

Officer 

1.29  (0.62,2.68) 

0.495 

Enlisted  Flyer 

0.78  (0.36,1.66) 

0.513 

Enlisted  Groundcrew 

1.37(0.88,2.12) 

0.165 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

l  Analysis  Results  for  Ldg2  (Initial  Dioxin)8  j|?  ?  t 

Initial  Number  (%) 

Dioxin  n  High 

(95%  CX)”  ^  p- Value 

Low  160  14  (8.8) 

Medium  161  20(12.4) 

High  157  13  (8.3) 

1.00(0.79,1.26)  0.992 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

■"  .  ■  >  ■  '  ■  ...  -  ... 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  C.  I.)8 

Sibil'S 

471 

0.80  (0.61,1.05) 

6.107 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  12-19.  Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index  (PSD!)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

n 

Number  (%) 

ilfBiliiliiiii 

, B  Est  Relative  Risk 

{ill ;  i|®gH#|S: 

p- Value 

Comparison 

1,211 

78  (6.4) 

Background  RH 

381 

22  (5.8) 

0.90  (0.55,1.47) 

0.671 

Low  RH 

239 

19  (8.0) 

1.25  (0.74,2.11) 

0.399 

High  RH 

239 

28(11.7) 

1.91  (1.21,3.02) 

0.006 

Low  plus  High  RH 

478 

47  (9.8) 

1.55  (1.05,2.27) 

0.026 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


g||^  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

1  v  ;  £ t? 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,196 

Background  RH 

374 

1.16(0.70,1.92) 

0.572 

Low  RH 

236 

1.31  (0.77,2.23) 

0.325 

High  RH 

235 

1.38  (0.85,2.23) 

0.191 

Low  plus  High  RH 

471 

1.34  (0.91,1.99) 

0.143 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(!>)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


P||‘!  f  ^ST^oxln'Cat^pi^^inpiiary  SratisticscL' . 

||  pm  iff  If  Num 

}  y»|  B  IS  |;§|  i  fl|§§|  High 

§p>^0ir^dl^laitrpRii]k':  >  - 

Low  288  16  (5.6) 

Medium  287  21  (7.3) 

High  284  32(11.3) 

1.13(0.97,1.33)  0.130 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  12-19.  Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index  (PSDI)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a 

IJlJt  p-Vaiue  |y| illilif! 

845  0.96(0.81,1.15) 

0.675 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

The  unadjusted  Model  3  analysis  revealed  significant  differences  between  Comparisons  and  Ranch  Hands 
in  both  the  high  dioxin  category  and  the  low  and  high  dioxin  categories  combined  (Table  12- 19(e): 
p=0.006,  Est.  RR=1.91;  p=0.026,  Est.  RR=1.55,  respectively).  Both  contrasts  found  more  Ranch  Hands 
(1 1.7%  and  9.8%,  respectively)  than  Comparisons  (6.4%)  with  a  high  SCL-90-R  PSDI  score.  Each 
contrast  was  nonsignificant  in  the  adjusted  analysis,  as  were  all  other  Model  3  contrasts  (Table  12- 19(f)* 
p>0.14  for  all  other  contrasts). 

12.3  DISCUSSION 

Neuropsychiatric  symptoms  are  encountered  commonly  in  clinical  practice  and  challenge  the  primary 
care  physician  to  distinguish  those  that  reflect  primary  psychological  disorders  from  those  secondary  to  an 
underlying  medical  condition.  Anxiety  and  depression,  for  example,  are  frequently  associated  with 
organic  illness,  whether  established  or  perceived,  and  often  complicate  both  accurate  diagnosis  and 
response  to  therapy. 

In  behavioral  medical  practice,  standardized  interview  protocols  and  testing  instruments  are  well 
established  in  the  assessment  of  emotional  status  and  cognitive  function.  The  psychological  assessment 
protocols  used  in  the  baseline  and  1985  follow-up  examinations  included  the  WAIS,  the  MMPI,  the  Cl, 
and  the  CMI.  The  negative  reaction  of  participants  to  the  burdensome  length  and  repetition  of  these 
instruments  led  to  the  introduction  at  the  1987  examinations  of  the  more  economical  SCL-90-R  and  the 
MCMI. 

In  their  published  reviews  of  the  world’s  literature.  Veterans  and  Agent  Orange  (33,  34),  The  Institute  of 
Medicine  concluded  that  there  was  insufficient  evidence  to  link  herbicide  exposure  with  neuropsychiatric 
and  cognitive  disorders.  Among  the  most  important  methodological  limitations  cited  was  the  possibility 
that  a  true  psychological  effect  may  be  below  the  power  of  epidemiological  studies  to  detect,  particularly 
given  the  time  lapse  between  exposure  and  testing.  Other  limitations  include  the  confounding  by  the 
effects  of  combat  stress  and,  as  noted  above  in  the  introduction  to  the  psychological  assessment,  the 
significant  association  of  psychological  symptoms  with  the  self-perception  of  exposure. 

Analyses  of  the  1997  psychometric  data  yielded  few  significant  results,  most  of  which  were  limited  to 
diagnoses  established  by  a  medical  records  review.  Although  the  overall  prevalence  of  the  five  diagnoses 
was  similar  in  each  cohort,  “other  neuroses”  occurred  significantly  more  often  in  Ranch  Hand  enlisted 
groundcrew  than  in  Comparisons  (64.7%  vs.  57.1%),  becoming  even  more  significant  after  adjustment  for 
covariates.  Evidence  for  a  dioxin  effect  was  noted  in  Model  3  as  “other  neuroses”  occurred  significantly 
more  often  in  Ranch  Hands  in  the  high  and  low  initial  serum  dioxin  categories  relative  to  Comparisons  in 
both  the  unadjusted  and  adjusted  analyses.  Further,  with  respect  to  1987  serum  dioxin  levels,  a  dose- 
response  pattern  was  noted  with  a  prevalence  of  45.0  percent,  53.5  percent,  and  64.9  percent,  respectively, 
in  the  low,  medium,  and  high  dioxin  categories.  After  adjustment  for  covariates,  the  effect  was  no  longer 
significant. 
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In  contrast  to  the  1992  examination  results  noted  above,  analyses  of  the  SCL-90-R  indices  yielded  no 
significant  group  or  occupational  differences  between  the  Ranch  Hand  and  Comparison  cohorts,  nor  were 
there  any  significant  associations  with  either  the  extrapolated  initial  or  1987  serum  dioxin  levels. 


12.4  SUMMARY 

Five  psychological  disorders  verified  by  a  medical  records  review  and  12  measures  from  the  SCL-90-R 
inventory  were  examined  in  the  psychology  assessment.  The  SCL-90-R  consisted  of  nine  primary 
symptom  dimensions  and  three  broad  indices  of  psychological  distress.  Each  endpoint  was  examined  for 
a  significant  association,  both  unadjusted  and  adjusted  for  covariates,  with  group  (Model  1),  initial  dioxin 
(Model  2),  categorized  dioxin  (Model  3),  and  the  1987  dioxin  levels  (Model  4). 

12,4.1  Model  1:  Group  Analysis 

Differences  between  Ranch  Hands  and  Comparisons  were  examined,  both  across  all  occupations  and 
within  each  occupational  stratum,  for  the  psychology  endpoints  described  above.  The  results  are 
summarized  and  presented  in  Table  12-20.  In  enlisted  groundcrew,  a  significantly  greater  percentage  of 
Ranch  Hands  than  Comparisons  had  a  history  of  other  neuroses  for  both  the  unadjusted  and  adjusted 
analyses.  Other  variables  displaying  either  significant  or  marginally  significant  results  from  the 
SCL-90-R  were  anxiety,  depression,  interpersonal  sensitivity,  phobic  anxiety,  global  severity  index,  and 
positive  symptom  total.  These  results  were  found  from  the  analysis  combining  all  occupations  or  from 
the  officer  or  enlisted  flyer  strata.  The  analyses  showed  a  greater  percentage  of  Comparisons  than  Ranch 
Hands  with  high  SCL-90-R  scores. 


Table  12-20.  Summary  of  Group  Analysis  (Model  1)  for  Psychological  Variables  (Ranch  Hands  vs. 
Comparisons) 

fSI 

Variable 

All 

■  Officer  ■  f  §||| 

1-1 

Medical  Records 

Psychoses 

NS 

NS 

NS 

ns 

Alcohol  Dependence 

NS 

ns 

NS 

NS 

Drug  Dependence 

ns 

ns 

~ 

NS 

Anxiety 

NS 

ns 

NS 

NS 

Other  Neuroses 

NS 

ns* 

NS 

+0.021 

Psychological  Examination  (SCL-90-R) 

Anxiety 

ns 

ns 

ns 

ns 

Depression 

ns* 

ns 

-0.038 

ns 

Hostility 

ns 

ns 

ns 

ns 

Interpersonal  Sensitivity 

ns* 

ns 

ns* 

ns 

Obsessive-Compulsive  Behavior 

ns 

ns 

ns 

ns 

Paranoid  Ideation 

ns 

ns 

ns 

NS 

Phobic  Anxiety 

ns 

ns* 

ns 

NS 

Psychoticism 

ns* 

ns 

ns 

ns 

Somatization 

NS 

NS 

ns 

NS 

Global  Severity  Index  (GSI) 

ns 

ns 

ns* 

ns 

Positive  Symptom  Total  (PST) 

ns* 

ns 

ns 

ns 

Positive  Symptom  Distress  Index  (PSDI) 

NS 

NS 

ns 

NS 
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Table  12-20.  Summary  of  Group  Analysis  (Model  1)  for  Psychological  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  a  drug  dependence. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00. 


ADJUSTED 


Variable 

liiHiilllSi 

Officer 

Hill  Flyer  ,  1  j 

|! }  H  Enlisted 

HI  Groixndcfew 

Medical  Records 

Psychoses 

NS 

NS 

NS 

ns 

Alcohol  Dependence 

NS 

ns 

ns 

NS 

Drug  Dependence 

ns 

~ 

— 

ns 

Anxiety 

NS 

ns 

NS 

NS 

Other  Neuroses 

NS 

ns 

NS 

+0.011 

Psychological  Examination  (SCL-90-R) 

Anxiety 

ns 

ns 

ns* 

NS 

Depression 

ns* 

ns 

-0.013 

ns 

Hostility 

ns 

ns 

ns 

ns 

Interpersonal  Sensitivity 

ns* 

ns 

-0.029 

ns 

Obsessive-Compulsive  Behavior 

ns 

ns 

ns 

ns 

Paranoid  Ideation 

ns 

ns 

ns 

NS 

Phobic  Anxiety 

ns 

ns* 

ns 

NS 

Psychoticism 

ns 

ns 

ns 

ns 

Somatization 

NS 

NS 

ns 

NS 

Global  Severity  Index  (GSI) 

ns 

ns 

ns* 

ns 

Positive  Symptom  Total  (PST) 

ns* 

ns 

ns 

ns 

Positive  Symptom  Distress  Index  (PSDI) 

NS 

NS 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0. 10). 

+:  Relative  risk  >1.00. 

-:  Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  a  drug  dependence. 
P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00. 
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12.4.2  Model  2:  Initial  Dioxin  Analysis 

Associations  between  initial  dioxin  and  each  psychological  endpoint  were  examined.  The  unadjusted 
analyses  displayed  only  two  marginally  significant  associations,  both  of  which  indicated  more  high 
SCL-90-R  scores  as  initial  dioxin  increased.  The  association  became  nonsignificant  in  the  adjusted 
analysis.  Adjusted  analyses  of  SCL-90-R  anxiety,  interpersonal  sensitivity,  and  somatization  revealed 
significant  associations  with  initial  dioxin,  but  high  SCL-90-R  scores  decreased  as  initial  dioxin 
increased.  A  marginally  significant  association  was  found  between  initial  dioxin  and  the  SCL-90-R 
positive  symptom  total,  but  high  positive  symptom  total  scores  decreased  as  initial  dioxin  increased.  The 
results  of  the  initial  dioxin  analyses  are  shown  in  Table  12-21. 


Table  12-21.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Psychological  Variables  (Ranch 
Hands  Only) 


HI  |  Vai^able^ J  |  ,,  |  4 

Unadjusted 

Adjusted 

Medical  Records 

Psychoses 

ns 

ns 

Alcohol  Dependence 

NS 

NS 

Drug  Dependence 

— 

Anxiety 

NS 

ns 

Other  Neuroses 

NS 

ns 

Psychological  Examination  (SCL-90-R) 

Anxiety 

ns 

-0.016 

Depression 

NS 

ns 

Hostility 

NS 

ns 

Interpersonal  Sensitivity 

ns 

-0.026 

Obsessive-Compulsive  Behavior 

NS 

ns 

Paranoid  Ideation 

NS 

ns 

Phobic  Anxiety 

NS* 

ns 

Psychoticism 

NS* 

ns 

Somatization 

ns 

-0.010 

Global  Severity  Index  (GSI) 

NS 

ns 

Positive  Symptom  Total  (PST) 

NS 

ns* 

Positive  Symptom  Distress  Index  (PSDI) 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  a  drug  dependence. 
P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00. 


12.4.3  Model  3:  Categorized  Dioxin  Analysis 

Differences  between  Ranch  Hands,  categorized  by  dioxin  levels,  and  Comparisons  in  the  history  of 
psychological  disorders  and  the  prevalence  of  high  SCL-90-R  scores  were  examined.  A  summary  of  the 
analyses  is  given  in  Table  12-22.  Several  significant  and  marginally  significant  results  were  found  from 
the  unadjusted  analysis  within  each  categorization  of  dioxin.  Each  result  became  nonsignificant  after 
covariate  adjustment,  except  for  the  analyses  of  other  neuroses  and  SCL-90-R  positive  symptom  total.  In 
addition,  the  significant  result  from  the  unadjusted  analysis  of  SCL-90-R  phobic  anxiety,  which  found  a 
larger  percentage  of  Comparisons  than  background  Ranch  Hands  with  high  scores,  became  marginally 
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significant  in  the  adjusted  analysis.  Ranch  Hands  in  the  low  dioxin  category  and  the  low  and  high  dioxin 
categories  combined  displayed  a  significantly  higher  prevalence  of  other  neuroses  than  Comparisons  in 
both  the  unadjusted  and  adjusted  analyses.  For  the  adjusted  analysis  of  the  SCL-90-R  positive  symptom 
total,  a  significant  difference  between  Ranch  Hands  in  the  background  category  and  Comparisons  was 
found  where  Comparisons  had  the  greater  percentage  of  high  SCL-90-R  T-scores. 


Table  12-22.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Psychological  Variables 

(Ranch  Hands  vs.  Comparisons) 

:  UNADJUSTED 

Background  |;| 

fl  2' •]:  Low 

High  V!-V 

Low  plus  High 

Ranch  Hands 

Ranch  Hands 

Ranch  Hands 

Ranch-Hands  x , 

vs.  Comparisons 

1;tvs.  Comparisons 

vsi  Gomparlsdhs 

Medical  Records 

Psychoses 

ns 

NS 

NS 

NS 

Alcohol  Dependence 

ns 

NS 

NS 

NS 

Drug  Dependence 

NS 

ns 

ns 

ns 

Anxiety 

ns* 

NS 

NS 

NS 

Other  Neuroses 

-0.018 

+0.041 

+0.008 

+0.002 

Psychological  Examination 
(SCL-90-R) 

Anxiety 

ns* 

ns 

NS 

NS 

Depression 

ns* 

ns 

NS 

ns 

Hostility 

ns* 

ns 

NS 

ns 

Interpersonal  Sensitivity 

-0.003 

ns 

NS 

ns 

Obsessive-Compulsive  Behavior 

-0.032 

ns 

ns 

ns 

Paranoid  Ideation 

ns 

ns 

NS* 

NS 

Phobic  Anxiety 

-0.009 

NS 

+0.027 

NS 

Psychoticism 

-0.006 

ns 

NS 

ns 

Somatization 

ns* 

NS 

NS* 

+0.042 

Global  Severity  Index  (GSI) 

-0.007 

ns 

NS 

NS 

Positive  Symptom  Total  (PST) 

-0.001 

ns 

NS 

NS 

Positive  Symptom  Distress  Index 
(PSDI) 

ns 

NS 

+0.006 

+0.026 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

Relative  risk  <1.00. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lowercase 

‘ns”  denotes  relative  risk  less  than 

1.00. 

isrii) 

Low  High 

Low  plus  High 

V»riaMc 

pin^Sfia n®? 

s  Comparisons 

Ranch  Hands 

Ranch  Hands  f 

Ranch  Hands 
vs.  Comparisons 

Medical  Records 

Psychoses 

ns 

NS 

ns 

NS 

Alcohol  Dependence 

NS 

NS 

NS 

NS 

Drug  Dependence 

NS 

-- 

- 

- 

Anxiety 

ns 

NS 

ns 

ns 
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Table  12-22.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Psychological 
Variables  (Ranch  Hands  vs.  Comparisons)  ( Continued ) 


ADJUSTED 

.v  Background  j 

I'  lf  Ranch  Hands 
|j|  ;vs.  Comparisons 

Ldwt  \ 
Ranch  Hands 
vs.  Comparisons 

High 

-  Ranch  Hands  fff 
vs.  Comparisons 

Ranch  Hands 
vs;  Comparisons 

Other  Neuroses 

Psychological  Examination 
(SCL-90-R) 

ns 

+0.036 

NS 

+0.038 

Anxiety 

ns 

NS 

ns 

ns 

Interpersonal  Sensitivity 

ns 

ns 

ns 

ns 

Obsessive-Compulsive  Behavior 

ns 

NS 

ns 

ns 

Paranoid  Ideation 

ns 

ns 

NS 

NS 

Phobic  Anxiety 

ns* 

NS 

NS 

NS 

Psychoticism 

ns 

ns 

ns 

ns 

Somatization 

ns 

NS 

ns 

NS 

Global  Severity  Index  (GSI) 

ns 

NS 

ns 

ns 

Positive  Symptom  Total  (PST) 

-0.045 

NS 

ns 

ns 

Positive  Symptom  Distress  Index 
(PSDI) 

NS 

NS 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

ns*:  Marginally  significant  (0.05<p<0. 10). 

+:  Relative  risk  >1 .00. 

Relative  risk  <1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  a  drug  dependence. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00. 


12.4.4  Model  4:  1987  Dioxin  Level  Analysis 

The  relation  between  the  1987  dioxin  levels  and  the  psychological  endpoints  was  examined.  Unadjusted 
analyses  revealed  significant  or  marginally  significant  associations  for  a  history  of  anxiety  and  other 
neuroses  and  for  most  of  the  SCL-90-R  measures.  These  associations  indicated  that  disorders  or  high 
SCL-90-R  scores  increased  as  1987  dioxin  increased.  After  adjustment  for  covariates,  all  results  became 
nonsignificant.  A  summary  of  the  analyses  is  given  in  Table  12-23. 


Table  12-23.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Psychological  Variables  (Ranch 
Hands  Only) 


Medical  Records 

Psychoses 

NS 

NS 

Alcohol  Dependence 

NS 

ns 

Drug  Dependence 

ns 

ns 

Anxiety 

+0.011 

ns 

Other  Neuroses 

+<0.001 

NS 

Psychological  Examination  (SCL-90-R) 

Anxiety 

NS* 

ns 

Interpersonal  Sensitivity 

NS* 

ns 

Obsessive-Compulsive  Behavior 

NS* 

NS 
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Table  12-23.  Summary  of  1987  Dioxin  Analyses  (Model  4)  for  Psychological  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

Unadjusted 

i  Adjusted 

Paranoid  Ideation 

+0.032 

NS 

Phobic  Anxiety 

+0.001 

NS 

Psychoticism 

+0.002 

NS 

Somatization 

+0.013 

ns 

Global  Severity  Index  (GSI) 

+0.001 

NS 

Positive  Symptom  Total  (PST) 

+0.003 

NS 

Positive  Symptom  Distress  Index  (PSDI) 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

+:  Relative  risk  >1.00. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00. 

A  lowercase 

“ns”  denotes  relative  risk  less  than  1 .00. 

12.5  CONCLUSION 

Five  psychological  disorders,  which  were  verified  by  a  medical  records  review,  and  12  measures  from  the 
SCL-90-R  inventory  were  examined  in  the  psychology  assessment.  The  SCL-90-R  consisted  of  nine 
primary  symptom  dimensions  and  three  broad  indices  of  psychological  distress.  In  enlisted  groundcrew, 
a  significantly  greater  percentage  of  Ranch  Hands  than  Comparisons  had  a  history  of  other  neuroses  for 
both  the  unadjusted  analyses  and  the  analyses  adjusted  for  covariates.  All  other  adjusted  analyses  of 
Ranch  Hands  versus  Comparisons  that  were  significant  showed  a  greater  percentage  of  Comparisons  than 
Ranch  Hands  with  high  SCL-90-R  scores. 

Associations  between  initial  dioxin  and  the  psychological  endpoints  in  the  analyses  adjusted  for 
covariates  were  either  nonsignificant  or  revealed  a  significant  decrease  in  high  SCL-90-R  scores  as  initial 
dioxin  increased. 

Differences  in  the  history  of  psychological  disorders  and  the  prevalence  of  high  SCL-90-R  scores  were 
examined  between  Comparisons  and  Ranch  Hands  categorized  by  dioxin  levels.  Ranch  Hands  in  the  low 
dioxin  category  and  the  low  and  high  dioxin  categories  combined  displayed  a  significantly  higher 
prevalence  of  other  neuroses  than  Comparisons  in  both  the  unadjusted  and  adjusted  analyses. 

The  relation  between  the  1987  dioxin  levels  and  the  psychological  endpoints  was  examined;  all  results 
were  nonsignificant. 

In  conclusion,  Ranch  Hand  veterans  exhibited  a  significantly  increased  prevalence  of  other  neuroses 
among  enlisted  groundcrew,  the  occupation  with  the  highest  dioxin  levels  and,  presumably,  the  greatest 
herbicide  exposure.  Consistent  increases  in  the  prevalence  of  other  neuroses  with  dioxin  levels  were 
found.  No  consistent  relation  was  found  between  any  SCL-90-R  score  and  any  measure  of  herbicide  or 
dioxin  exposure.  The  relation  between  other  neuroses  and  herbicide  exposure  and  dioxin  levels  will  be 
described  in  greater  detail  in  a  separate  report. 
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13  GASTROINTESTINAL  ASSESSMENT 


13.1  INTRODUCTION 

13.1.1  Background 

In  contrast  with  the  wealth  of  dioxin  research  data  available  in  animal  models,  there  is  relatively  little 
information  about  the  effects  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin)  on  the  human  digestive 
system.  Although  the  pharmacokinetics  of  orally  ingested  dioxin  in  a  human  volunteer  have  been 
reported  (1),  the  pathologic  lesions  that  have  been  studied  in  animals  (gastric  metaplasia  with  ulceration 
and  ileitis)  have  not  been  described  in  human  populations,  in  which  the  principal  route  of  exposure  has 
been  transcutaneous.  Further,  in  two  reports  of  extreme  phenoxyherbicide  toxicity  by  ingestion  in  three 
humans,  the  primary  target  organs  were  the  central  nervous  system  with  associated  coma  and  the 
musculoskeletal  system  with  rhabdomyolysis  and  renal  failure,  rather  than  the  digestive  system  (2,  3). 

The  digestive  system  and,  particularly,  the  liver  (4-9)  and  stomach  (5,  10-14)  have  been  clearly  defined 
as  target  organs  for  dioxin  toxicity  in  numerous  laboratory  animals.  Dioxin  ingested  by  rodents  (15-20) 
and  adult  monkeys  (21)  is  absorbed  by  the  intestinal  lymphatics,  transported  by  chylomicrons  in  the 
enterohepatic,  and  preferentially  stored  in  adipose  tissue  and  the  liver.  Hepatotoxic  manifestations,  which 
appear  to  be  dose-  and  time-dependent,  include  cellular  hypertrophy,  parenchymal  necrosis  (principally 
centrilobular),  fatty  degeneration,  and  the  production  of  altered  hepatic  foci,  a  microscopic  precursor  in 
hepatic  carcinogenesis  (9,  22-24).  Chronic  feeding  studies  have  confirmed  the  role  of  dioxin  as  a  hepatic 
carcinogen  in  rats  (25,  26)  and  mice  (27).  Gastric  endpoints  have  been  the  subject  of  several  reports  that 
have  focused  on  histologic  changes  (5,  12,  13)  and  endocrine  secretory  abnormalities  (10,  1 1,  28) 
associated  with  dioxin  toxicity. 

A  host  of  hepatic  biochemical  reactions  related  to  dioxin  toxicity  has  been  studied,  including  lipid 
peroxidation  (29-33),  hepatic  prostaglandin  synthetase  activity  (34),  and  inhibition  of  glutathione 
peroxidase  (30).  Results  from  several  lines  of  biochemical  investigation  have  created  a  bridge  between 
animal  and  human  studies  including  research  into  lipid  (33,  35-37)  and  porphyrin  metabolism  (38-41). 

In  rats,  dioxin  has  been  shown  to  increase  the  activity  of  glucuronyl  transferase  (42),  an  observation  that 
led  to  the  use  of  urinary  d-glucaric  acid  as  a  marker  for  dioxin  exposure  in  several  human  epidemiological 
studies  (43^47).  The  most  recent  of  these,  and  the  only  one  to  include  serum  dioxin  levels,  found  no 
correlation  between  this  index  and  the  body  burden  of  dioxin  (47). 

In  published  occupational  and  environmental  studies,  acid  peptic  disease  is  the  only  digestive  disorder 
intrinsic  to  the  gastrointestinal  tract  that  has  been  examined  in  relation  to  dioxin  exposure.  The  finding  of 
an  increased  cumulative  incidence  of  ulcer  disease  reported  in  two  studies  (48,  49)  was  not  confirmed  in 
others  (47,  50).  In  the  only  occupational  study  to  include  serum  dioxin  levels,  the  cumulative  incidence 
of  gastritis,  ulcer  disease,  and  gastrointestinal  hemorrhage  was  similar  in  exposed  workers  (mean  serum 
dioxin  of  220  picograms  [pg]  per  gram  of  lipid)  and  controls  (mean  of  7  pg  per  gram  of  lipid)  (47). 

Numerous  occupational  and  environmental  studies  have  reported  abnormally  elevated  liver  enzymes  in 
association  with  exposure  to  dioxin,  although  in  most  cases  there  was  no  other  clinical  evidence  for 
underlying  liver  disease  (47-54).  In  longer-term  follow-up  studies,  abnormalities  noted  at  the  time  of 
acute  exposure  resolved  over  time  (46,  54-57).  In  two  environmental  contamination  studies  conducted  in 
1984-85  at  Quail  Run  (46)  and  in  1983  at  Times  Beach  (58),  Missouri,  there  was  no  evidence  for  hepatic 
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enzyme  elevations  in  association  with  exposure  to  dioxin.  In  the  1987-88  National  Institute  of 
Occupational  Safety  and  Health  study  (47),  the  prevalence  of  an  abnormally  elevated  liver  enzyme 
gamma  glutamyl  transferase  (GGT)  was  significantly  higher  in  the  exposed  cohort,  but  the  association 
was  noted  only  in  those  with  significant  alcohol  consumption  and  did  not  appear  directly  related  to  the 
body  burden  of  dioxin.  Three  recently  published  occupational  studies  found  no  significant  association 
between  elevated  hepatic  enzymes  and  serum  dioxin  levels  (59-61). 

Several  reports  of  Vietnam  veterans  have  focused  on  the  potential  association  of  hepatic  disease  with 
herbicide  exposure.  In  one  retrospective  cohort  study,  in  which  the  self-reporting  of  a  rash  during  or  after 
duty  in  Vietnam  was  used  as  a  surrogate  for  dioxin  exposure,  an  increased  prevalence  of  liver  enzyme 
abnormalities  was  noted  but  was  attributed  to  prior  viral  hepatitis  and  alcohol  consumption  (62). 
Similarly,  chronic  alcoholism  contributed  to  increased  mortality  from  digestive  diseases  (cirrhosis  and 
peptic  ulcer)  in  a  study  of  United  States  Army  Chemical  Corps  veterans  (63).  Finally,  in  the  most  recent 
reports  of  the  Air  Force  Health  Study  (AFHS),  which  have  included  serum  dioxin  levels  in  the  analyses, 
there  has  been  no  increase  in  the  prevalence  of  biologically  meaningful  hepatic  or  digestive  disease  in  the 
Ranch  Hand  versus  the  Comparison  cohorts  (64, 65),  although  GGT  and  alanine  aminotransferase  (ALT) 
have  been  found  to  increase  with  dioxin  body  burden  in  Ranch  Hand  veterans.  For  example,  GGT  was 
significantly  increased  in  the  high  dioxin  category  at  the  1992  follow-up  examination. 

1 3. 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

13. 1.2. 1  1982  Baseline  Study  Summary  Results 

The  1982  AFHS  examination  included  an  extensive  evaluation  of  hepatic  status  by  questionnaire, 
physical  examination,  and  laboratory  testing.  The  questionnaire  elicited  data  on  liver  conditions,  liver 
disease,  and  symptoms  compatible  with  porphyria  cutanea  tarda  (PCT),  as  well  as  detailed  information  on 
PCT  risk  factors  (e.g.,  alcohol  consumption,  chemical  exposures).  The  physical  examination  measured 
hepatomegaly,  or  enlarged  liver,  when  present  and  determined  liver  function  and  porphyrin  patterns  by  a 
comprehensive  battery  of  12  laboratory  tests. 

The  questionnaire  showed  that  Ranch  Hands  reported  more  miscellaneous  liver  conditions  (verified  by  a 
medical  records  review)  and  more  skin  changes  compatible  with  PCT  than  their  Comparisons.  Although 
the  reported  skin  changes  were  statistically  significant,  no  cases  of  PCT  were  diagnosed  at  examination  in 
either  cohort. 

Ranch  Hands  had  significantly  higher  GGT  and  lactic  dehydrogenase  (LDH)  means  and  lower  cholesterol 
means;  no  differences  were  found  for  bilirubin  or  alkaline  phosphatase  means.  There  were  no  significant 
group  differences  in  uroporphyrin,  coproporphyrin,  or  d-aminolevulinic  acid  levels,  nor  did  any  test  set 
support  a  diagnosis  of  PCT. 

A  comprehensive  hepatic  evaluation  did  not  reveal  any  consistent  pattern  of  significant  liver  damage  in 
the  Ranch  Hand  group. 

13.1.2.2  1985  Follow-up  Study  Summary  Results 

The  1985  AFHS  examination  continued  the  emphasis  on  hepatic  function  and  expanded  the  porphyrin  test 
battery  to  six  assays.  The  interval  questionnaire  revealed  sparse  reporting  of  liver  disorders  from  1982  to 
1985.  Reported  liver  diseases  were  verified  by  medical  records,  and  these  data  were  added  to  the  verified 
baseline  history  to  assess  possible  lifetime  differences.  No  significant  differences  were  found. 
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The  physical  examination  disclosed  a  marginally  significant  increase  of  hepatomegaly  in  the  Ranch  Hand 
group.  Emphasis  was  placed  on  nine  laboratory  test  variables  measuring  liver  functions:  aspartate 
aminotransferase  (AST),  ALT,  GGT,  alkaline  phosphatase,  total  and  direct  bilirubin,  LDH,  cholesterol, 
and  triglycerides.  In  addition,  uroporphyrin  and  coproporphyrin  measurements  were  obtained  to  assess 
the  likelihood  of  PCT. 

Only  four  variables  produced  differences  of  any  note.  The  results  showed  a  significantly  lower  mean 
ALT  level,  a  greater  mean  alkaline  phosphatase  level,  a  lower  mean  uroporphyrin  level,  and  a  marginally 
significant  greater  mean  coproporphyrin  level  in  Ranch  Hands.  The  risk  of  alkaline  phosphatase 
abnormality  was  marginally  significantly  increased  in  Ranch  Hands. 

Overall,  the  1985  follow-up  examination  laboratory  data  showed  no  adverse  clinical  or  exposure  patterns. 
The  continuous  statistical  tests  detected  significant  mean  shifts  that  were  not  mirrored  by  the  discrete 
tests.  These  findings  were  generally  consistent  with  the  1982  baseline  examination  data.  Slight 
differences  in  analytic  results  probably  were  due  to  the  use  of  more  fully  adjusted  models  for  the  1985 
follow-up  examination  data. 

Interval  reporting  of  PCT-like  symptoms  of  skin  patches,  bruises,  and  sensitivity  was  significantly 
increased  in  Ranch  Hands.  When  these  historic  data  were  contrasted  to  both  uroporphyrin  and 
coproporphyrin  abnormalities,  no  correlation  was  apparent,  nor  were  there  any  significant  group 
differences.  The  likelihood  of  bona  fide  PCT  among  Ranch  Hands  appeared  to  be  remote. 

13.1.2.3  1987  Follow-up  Study  Summary  Results 

Overall,  the  gastrointestinal  assessment  did  not  find  the  health  of  the  Ranch  Hand  group  to  be 
significantly  different  from  that  of  the  Comparison  group.  Group  differences  based  on  verified  historical 
data  from  the  questionnaire  were  not  significant  for  eight  categories  of  liver  disease.  No  significant  group 
difference  was  found  for  past  or  present  occurrence  of  peptic  ulcers.  The  prevalence  of  hepatomegaly 
diagnosed  at  the  physical  examination  also  was  not  significantly  different  between  the  two  groups.  The 
only  significant  finding  from  the  laboratory  examination  variables  was  that  Ranch  Hands  had  a  higher 
mean  alkaline  phosphatase  than  Comparisons,  also  noted  at  the  1985  follow-up  examination.  Group 
differences  for  the  other  laboratory  variables  (AST,  ALT,  GGT,  total  bilirubin,  direct  bilirubin,  LDH, 
cholesterol,  high-density  lipoprotein  [HDL],  cholesterol-HDL  ratio,  triglycerides,  and  creatine 
phosphokinase)  were  not  significant. 

13. 1.2.4  Serum  Dioxin  Analysis  of 1987  Follow-up  Study  Summary  Results 

The  1987  serum  dioxin  analyses  did  not  show  a  significant  association  with  any  of  the  verified  historical 
liver  disorder  variables.  The  analyses  of  the  laboratory  variables  detected  significant  associations 
between  dioxin  (current  and  estimated  initial)  and  lipid-related  health  indices  such  as  cholesterol,  HDL 
cholesterol,  the  cholesterol-HDL  ratio,  and  triglycerides.  These  findings  were  consistent  with  significant 
associations  seen  for  fat-related  variables  in  other  clinical  assessments,  such  as  the  body  fat  results  in  the 
general  health  assessment  and  the  diabetes  and  glucose  results  noted  in  the  endocrine  assessment,  and 
may  represent  a  dioxin  mediated  alteration  of  biochemical  processes. 

13.1.2.5  1992  Follow-up  Study  Summary  Results 

The  gastrointestinal  assessment  found  isolated  significant  differences  between  Ranch  Hands  and 
Comparisons,  but  overall,  the  health  of  the  two  groups  did  not  differ  substantially.  The  serum  dioxin 
analyses  indicated  that  estimated  initial  dioxin  generally  was  not  associated  with  historical  liver  disorders 
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or  current  laboratory  measurements.  The  analyses  did  reveal  that  current  dioxin  levels  were  often  highly 
associated  with  lipid-related  health  indices,  such  as  cholesterol,  HDL  cholesterol,  the  cholesterol-HDL 
ratio,  and  triglycerides,  as  well  as  with  some  of  the  hepatic  enzymes  (ALT  and  GGT)  and  proteins.  These 
seemingly  discordant  results  may  have  been  explained  in  part  because  the  initial  dioxin  analyses  adjusted 
for  differential  half-life  elimination  related  to  body  fat,  while  no  adjustment  was  made  in  the  analyses  of 
current  dioxin.  These  significant  findings  may  have  been  the  result  of  a  subclinical  dioxin  effect  on  lipid 
metabolism. 

13.1.3  Parameters  for  the  1997  Gastrointestinal  Assessment 

13. 1.3.1  Dependent  Variables 

Questionnaire,  physical  examination,  and  laboratory  data  were  used  in  the  gastrointestinal  assessment. 

The  questionnaire  data  were  organized  by  International  Classification  of  Diseases,  9th  Revision,  Clinical 
Modification  (ICD-9-CM)  medical  coding  categories. 

13.1.3.1.1  Medical  Records  Data 

During  the  1997  health  interview,  each  study  participant  was  asked  about  the  occurrence  of  hepatitis, 
jaundice,  cirrhosis,  enlarged  liver,  and  other  liver  conditions.  This  self-reported  information  was  elicited 
in  the  questionnaire  and  combined  with  information  from  the  baseline,  1985,  1987,  and  1992  follow-up 
examinations  and  verified  by  a  medical  records  review.  The  verified  results  were  grouped  into  eight 
categories  of  disorders  for  analysis:  uncharacterized  hepatitis  (non- A,  non-B,  non-C,  and  non-D), 
jaundice  (unspecified,  not  of  the  newborn),  acute  necrosis  of  the  liver,  chronic  liver  disease  and  cirrhosis 
(alcohol-related  and  non-alcohol-related  cirrhosis  were  analyzed  separately),  liver  abscess  and  sequelae  of 
chronic  liver  disease,  enlarged  liver  (hepatomegaly),  and  other  disorders  of  the  liver.  The  purpose  of  the 
uncharacterized  hepatitis  (non- A,  non-B,  non-C,  and  non-D)  category  was  to  define  a  category  that  was 
neither  clearly  A  nor  B  nor  C  nor  D,  so  that  liver  disease  misdiagnosed  as  “viral  hepatitis”  could  be 
detected.  This  approach  to  historical  hepatitis  created  a  group  of  cases  that  could  have  been  chemically 
induced.  The  following  ICD-9-CM  codes  were  used  for  these  disorders:  uncharacterized  hepatitis 
(ICD-9-CM  codes  070.49,  070.59,  070.6,  070.9,  571.40,  571.41,  571.49,  and  573.3),  jaundice  (ICD-9-CM 
code  782.4),  acute  necrosis  of  the  liver  (ICD-9-CM  code  570),  alcohol-related  chronic  liver  disease  and 
cirrhosis  (ICD-9-CM  codes  571.0-571.3),  non-alcohol-related  chronic  liver  disease  and  cirrhosis 
(ICD-9-CM  codes  571.40-571.9),  liver  abscess  and  sequelae  of  chronic  liver  disease  (ICD-9-CM  codes 
572.0-572.4,  572.8),  enlarged  liver  (ICD-9-CM  code  789.1),  and  other  disorders  of  the  liver  (ICD-9-CM 
codes  573.0-573.9,  790.4,  790.5,  and  794.8). 

For  each  condition,  participants  with  a  pre-Southeast  Asia  (SEA)  diagnosis  were  excluded  from  the 
analysis.  Also,  the  analysis  of  alcohol-related  chronic  liver  disease  and  cirrhosis  excluded  participants 
with  zero  lifetime  alcohol  history  because  nondrinkers  were  not  at  risk  for  alcohol-related  liver  disease. 

13.1.3.1.2  Physical  Examination  Data 

One  variable  from  the  1997  physical  examination,  current  hepatomegaly,  was  analyzed  in  the 
gastrointestinal  assessment.  This  variable  was  coded  as  “yes”  or  “no.”  Participants  whose  blood 
contained  hepatitis  B  surface  antigen  or  hepatitis  C  antibodies  were  excluded  from  the  analysis  of  current 
hepatomegaly  to  account  for  the  effects  of  these  viruses  on  chronic  hepatic  disease. 
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13.1.3.1.3  Laboratory  Examination  Data 

The  1997  examination  emphasized  the  evaluation  of  laboratory  data  through  the  analysis  of  29 
measurements.  These  laboratory  variables  were  AST  (U/l),  ALT  (U/l),  GGT  (U/l),  alkaline  phosphatase 
(U/I),  total  bilirubin  (mg/dl),  direct  bilirubin  (mg/dl),  LDH  (U/l),  cholesterol  (mg/dl),  HDL  (mg/dl), 
cholesterol-HDL  ratio,  triglycerides  (mg/dl),  creatine  phosphokinase  (U/l),  serum  amylase  (U/l), 
antibodies  for  hepatitis  A,  serological  evidence  of  prior  hepatitis  B  infection  (positive  hepatitis  B  core 
antibody),  current  hepatitis  B  (positive  hepatitis  B  surface  antigen),  antibodies  for  hepatitis  C,  antibodies 
for  hepatitis  D,  stool  hemoccult,  and  10  components  (in  mg/dl)  in  a  protein  profile  (prealbumin,  albumin, 
a- 1 -acid  glycoprotein,  a- 1 -antitrypsin,  a-2-macroglobulin,  apolipoprotein  B,  C3  complement,  C4 
complement,  haptoglobin,  and  transferrin).  IgA,  IgG,  and  IgM  were  also  part  of  this  profile,  but  they 
were  analyzed  in  the  immunologic  assessment  (see  Chapter  17). 

All  assays  for  the  1997  gastrointestinal  assessment  were  performed  by  Scripps  Clinic.  Dade  RxL® 
equipment  was  used  to  quantify  AST,  ALT,  GGT,  alkaline  phosphatase,  total  bilirubin,  direct  bilirubin, 
LDH,  cholesterol,  HDL,  triglycerides,  creatine  phosphokinase,  serum  amylase,  and  albumin.  The 
Beckman  Array  Protein  System®  quantified  all  components  of  the  protein  profile  except  albumin. 

Abbott  Commander®  equipment  was  used  to  determine  the  presence  or  absence  of  antibodies  of  hepatitis 

A,  serological  evidence  of  prior  hepatitis  B  infection,  current  hepatitis  B,  and  antibodies  of  hepatitis  C. 
Abbott  Quantum®  equipment  was  used  to  determine  the  presence  or  absence  of  hepatitis  D  antibodies. 
Hepatitis  D  testing  was  performed  only  on  participants  who  showed  serological  evidence  of  prior  hepatitis 
B  infection  or  current  hepatitis  B,  as  determined  by  a  positive  hepatitis  B  surface  antigen. 

All  laboratory  variables  were  analyzed  in  both  continuous  and  discrete  forms  except  for  direct  bilirubin, 
antibodies  for  hepatitis  A,  serological  evidence  of  present  or  prior  hepatitis  B  infection,  current  hepatitis 

B,  antibodies  for  hepatitis  C,  antibodies  for  hepatitis  D,  and  stool  hemoccult,  which  were  analyzed  only  in 
discrete  form.  Direct  bilirubin  was  analyzed  only  in  its  discrete  form  because  there  were  few  distinct 
measurements,  precluding  a  meaningful  continuous  analysis. 

Participants  whose  blood  contained  hepatitis  B  surface  antigen,  hepatitis  C  antibodies,  or  hepatitis  D 
antibodies  were  excluded  from  the  analysis  of  all  laboratory  variables  except  antibodies  for  hepatitis  A, 
serological  evidence  of  prior  hepatitis  B  infection,  current  hepatitis  B,  antibodies  for  hepatitis  C,  and 
antibodies  for  hepatitis  D.  Participants  with  body  temperatures  greater  than  or  equal  to  100°  Fahrenheit 
also  were  excluded  from  the  analysis  of  these  variables.  For  the  five  hepatitis  variables,  no  participants 
were  excluded.  Attempts  were  made  to  determine,  from  a  medical  records  review,  which  occurrences  of 
the  types  of  hepatitis  described  above  were  pre-SEA,  but  the  date  of  hepatitis  onset  was  not  available  for 
the  majority  of  participants.  Consequently,  all  occurrences  of  hepatitis  are  included  in  these  variables. 

13.1.3.2  Covariates 

Statistical  analyses  of  all  medical  records  variables  were  adjusted  for  age,  race,  military  occupation, 
lifetime  alcohol  history,  lifetime  industrial  chemical  exposure,  and  lifetime  degreasing  chemical  exposure. 

Statistical  analyses  of  the  physical  examination  variable  and  all  of  the  laboratory  variables  except  alkaline 
phosphatase  and  a- 1 -antitrypsin  were  adjusted  for  age,  race,  military  occupation,  current  alcohol  use, 
lifetime  alcohol  history,  lifetime  industrial  chemical  exposure,  and  lifetime  industrial  chemical  exposure. 
Wine  consumption  showed  a  strong  negative  association  with  alkaline  phosphatase  in  the  1985, 1987,  and 
1992  follow-up  examinations.  The  negative  association  persisted  in  the  1992  and  1997  follow-up 
examination  data;  therefore,  current  wine  consumption  and  lifetime  wine  history  replaced  current  alcohol 
use  and  lifetime  alcohol  history  as  covariates  in  the  adjusted  analyses  of  alkaline  phosphatase.  Current 
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wine  consumption  also  replaced  current  alcohol  use  in  the  adjusted  analysis  of  a- 1 -antitrypsin  based  on 
covariate  associations  in  the  1997  follow-up  examination  data,  which  showed  that  a- 1 -antitrypsin  was 
highly  associated  with  current  wine  consumption  but  not  associated  with  current  alcohol  use. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Lifetime  alcohol  (or  wine) 
history  was  based  on  information  from  the  1997  questionnaire  and  combined  with  similar  information 
gathered  at  the  1987  and  1992  follow-up  examinations.  Each  participant  was  asked  about  his  drinking 
patterns  throughout  his  lifetime.  When  a  participant’s  drinking  patterns  changed,  he  was  asked  to 
describe  how  his  alcohol  consumption  differed  and  the  duration  of  time  that  the  drinking  pattern  lasted. 
The  participant’s  average  daily  alcohol  consumption  was  determined  for  each  of  the  reported  drinking 
pattern  periods  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of  drink-years 
was  derived.  One  drink-year  was  the  equivalent  of  drinking  1.5  ounces  of  an  80-proof  alcoholic 
beverage,  one  12-ounce  beer,  or  one  5-ounce  glass  of  wine  per  day  for  1  year.  Current  alcohol  use  (or 
wine  consumption)  was  based  on  the  average  number  of  drinks  per  day  during  the  month  prior  to 
completing  the  questionnaire. 

The  participants’  lifetime  exposures  through  1992  to  degreasing  and  industrial  chemicals  were  updated 
with  information  reported  in  the  1997  questionnaire. 

Age,  current  alcohol  use  (or  wine  consumption),  and  lifetime  alcohol  (or  wine)  history  were  treated  as 
continuous  variables  wherever  possible  for  all  adjusted  analyses.  Degreasing  chemical  exposure  and 
industrial  chemical  exposure  were  categorized  as  “yes”  or  “no”  for  all  analyses. 

13.1.4  Statistical  Methods 

Table  13-1  summarizes  the  statistical  analysis  performed  for  the  gastrointestinal  assessment.  The  first 
part  of  this  table  lists  the  dependent  variables  analyzed,  source  of  the  data,  form  of  the  data  (discrete  or 
continuous),  cutpoints,  co variates,  and  statistical  methods.  The  second  part  of  this  table  provides  a  further 
description  of  the  covariates  examined.  A  covariate  was  used  in  its  continuous  form  whenever  possible 
for  all  adjusted  analyses;  if  the  covariate  was  inherently  discrete  (e.g.,  military  occupation),  or  if  a 
categorized  form  was  needed  to  develop  measures  of  association  with  the  dependent  variables,  the 
covariate  was  categorized  as  shown  in  Table  13-1. 

Cutpoints  for  cholesterol  are  age-dependent.  Consequently,  normal  and  abnormal  levels  were  constructed 
according  to  a  participant’s  laboratory  value  and  age  at  the  physical  examination.  The  age-specific 
cutpoints  are  listed  in  Table  13-1,  and  the  reference  ages  for  these  cutpoints  are  given  in  parentheses 
following  the  cutpoints. 


Table  13-1.  Statistical  Analysis  for  the  Gastrointestinal  Assessment 


Dependent  Variables 


SMlIlMIl 

Covariafies*; 

Exclusions6 

,  ^Statistical  1 

Uncharacterized 

MR-V 

D 

Yes 

(1) 

(a) 

U:LR 

Hepatitis 

No 

A:LR 

Jaundice  (Unspecified) 

MR-V 

D 

Yes 

(1) 

(a) 

U:LR,CS 

No 

A:LR 
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Table  13-1.  Statistical  Analysis  for  the  Gastrointestinal  Assessment  (Continued) 


Variable  (Units) 

Data 

Source 

vjSafat’Tf 

Covariates3 

Exclusions5 

HU  Statistical 
|  Analysis  and 
Methods 

Acute  Necrosis  of  the 
Liver 

MR-V 

D 

Yes 

No 

(1) 

(a) 

— 

Chronic  Liver  Disease 
and  Cirrhosis 
(Alcohol-related) 

MR-V 

D 

Yes 

No 

(1) 

(b) 

U:LR 

A:LR 

Chronic  Liver  Disease 
and  Cirrhosis  (Non¬ 
alcohol-related) 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Liver  Abscess  and 
Sequelae  of  Chronic 
Liver  Disease 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR,CS 

A:LR 

Enlarged  Liver 
(Hepatomegaly) 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Other  Disorders  of  the 
Liver 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Current  Hepatomegaly 

PE 

D 

Yes 

No 

(2) 

(C) 

U:LR,CS 

A:LR 

AST  (U/l) 

LAB 

D/C 

High:  >37 
Normal:  <37 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

ALT  (U/l) 

LAB 

D/C 

High:  >65 
Normal:  <65 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

GGT  (U/l) 

LAB 

D/C 

High:  >85 
Normal:  <85 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

Alkaline  Phosphatase 
(U/l) 

LAB 

D/C 

High:  >136 
Normal:  <136 

(3) 

(d) 

U:LR,GLM 

A:LR,GLM 

Total  Bilirubin 
(mg/di) 

LAB 

D/C 

High:  >1.0 
Normal:  <1.0 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

Direct  Bilirubin 
(mg/dl) 

LAB 

D 

High:  >0.3 
Normal:  <0.3 

(2) 

(d) 

U:LR,CS 

A:LR 

Lactic  Dehydrogenase 
(LDH)  (U/l) 

LAB 

D/C 

High:  >190 
Normal:  <190 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

Cholesterol 

(mg/dl) 

LAB 

D/C 

High: 

>260  (Age  45-49) 
>250  (Age  >50) 
Normal: 

<260  (Age  45-49) 
<250  (Age  >50) 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

HDL  Cholesterol 
(mg/dl) 

LAB 

D/C 

Low:  <32 
Normal:  >32 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

Cholesterol-HDL 

Ratio 

LAB 

D/C 

High:  >5 
Normal:  <5 

(2) 

(d) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 
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Table  13-1.  Statistical  Analysis  for  the  Gastrointestinal  Assessment  (Continued) 


Variable  (Units) 

Data 

ilSifflii 

Data 
Form  - 

il&'llS. '  Ciitpoints  iSil 

Covariates8 

Exclusions’5 

Statistical 

[fl!E  Analysis  :arid|jl|l 
Methods  flll 

Triglycerides  (mg/dl) 

LAB 

D/C 

High:  >200 

(2) 

(d) 

U:LR,GLM 

Normal:  <200 

A:LR,GLM 

L:LR,GLM 

Creatine 

LAB 

D/C 

High:  >232 

(2) 

(d) 

U:LR,GLM 

Phosphokinase  (U/l) 

Normal:  <232 

A:LR,GLM 

Serum  Amylase  (U/l) 

LAB 

D/C 

High:  >115 

(2) 

(d) 

U:LR,GLM 

Normal:  <115 

A:LR,GLM 

Antibodies  for 

LAB 

D 

Yes 

(2) 

None 

U:LR 

Hepatitis  A 

No 

A:LR 

Serological  Evidence 

LAB 

D 

Yes 

(2) 

(e) 

U:LR 

of  Prior  Hepatitis  B 

No 

A:LR 

Infection 

Current  Hepatitis  B 

LAB 

D 

Yes 

(2) 

None 

U:LR,CS 

No 

A:LR 

Antibodies  for 

LAB 

D 

Yes 

(2) 

None 

U:LR 

Hepatitis  C 

No 

A:LR 

Antibodies  for 

LAB 

D 

Yes 

(2) 

None 

_ 

Hepatitis  D 

No 

Stool  Hemoccult 

LAB 

D 

Yes 

(2) 

(d) 

U:LR 

No 

A:LR 

Protein  Profile: 

LAB 

D/C 

Low:  <18 

(2) 

(d) 

U:LR,GLM 

Prealbumin  (mg/dl) 

Normal:  >18 

A:LR,GLM 

Protein  Profile: 

LAB 

D/C 

Low:  <3,350 

(2) 

(d) 

U:LR,CS,GLM 

Albumin  (mg/dl) 

Normal:  >3,350 

A:LR,GLM 

Protein  Profile: 

LAB 

D/C 

High:  >125 

(2) 

(d) 

U:LR,GLM 

a- 1 -Acid 

Normal:  <125 

A:LR,GLM 

Glycoprotein  (mg/dl) 

Protein  Profile: 

LAB 

D/C 

Abnormal  Low:  <93 

(4) 

(d) 

U:PR,CS,GLM 

a- 1 -Antitrypsin 

Normal:  93-224 

A:PR,GLM 

(mg/dl) 

Abnormal  High:  >224 

Protein  Profile: 

LAB 

D/C 

High:  >293 

(2) 

(d) 

U:LR,GLM 

a-2-Macroglobulin 

Normal:  <293 

A:LR,GLM 

(mg/dl) 

Protein  Profile: 

LAB 

D/C 

High:  >109 

(2) 

(d) 

U:LR,GLM 

Apolipoprotein  B 

Normal:  <109 

A:LR,GLM 

(mg/dl) 

Protein  Profile: 

LAB 

D/C 

Low:  <85 

(2) 

(d) 

U:LR,GLM 

C3  Complement 

Normal:  >85 

A:LR,GLM 

(mg/dl) 

Protein  Profile: 

LAB 

D/C 

Low:  <12 

(2) 

(d) 

U:LR,CS,GLM 

C4  Complement 

Normal:  >12 

A:LR,GLM 

(mg/dl) 

Protein  Profile: 

LAB 

D/C 

High:  >163 

(2) 

(d) 

U:LR,GLM 

Haptoglobin  (mg/dl) 

Normal:  <163 

A:LR,GLM 

Protein  Profile: 

LAB 

D/C 

Low:  <212 

(2) 

(d) 

U:LR,GLM 

Transferrin  (mg/dl) 

Normal:  >212 

A:LR,GLM 
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Table  13-1.  Statistical  Analysis  for  the  Gastrointestinal  Assessment  (Continued) 


aCo  variates: 

(1) :  age,  race,  military  occupation,  lifetime  alcohol  history,  industrial  chemical  exposure,  degreasing  chemical 
exposure. 

(2) :  age,  race,  military  occupation,  current  alcohol  use,  lifetime  alcohol  history,  industrial  chemical  exposure, 
degreasing  chemical  exposure. 

(3) :  age,  race,  military  occupation,  current  wine  consumption,  lifetime  wine  history,  industrial  chemical  exposure, 
degreasing  chemical  exposure. 

(4) :  age,  race,  military  occupation,  current  wine  consumption,  lifetime  alcohol  history,  industrial  chemical 
exposure,  degreasing  chemical  exposure. 

Exclusions: 

(a) :  participants  with  a  pre-SEA  history  of  the  disorder. 

(b) :  participants  with  a  pre-SEA  history  of  the  disorder,  participants  with  no  lifetime  alcohol  history. 

(c) :  participants  whose  blood  contained  hepatitis  B  surface  antigen,  hepatitis  C  antibodies,  or  hepatitis  D  antibodies. 

(d) :  participants  whose  blood  contained  hepatitis  B  surface  antigen,  hepatitis  C  antibodies,  or  hepatitis  D  antibodies, 
participants  with  body  temperatures  greater  than  or  equal  to  100°  Fahrenheit. 

(e) :  participants  who  had  received  the  hepatitis  B  vaccine. 


Covariates 


Variable  (Units) 

Data  Vjff- 
'  Form  m 

Age  (years) 

MIL 

D/C 

Born  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Current  Alcohol  Use  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 

Lifetime  Alcohol  History  (drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Current  Wine  Consumption  (drinks  of  wine/day) 

Q-SR 

D/C 

0 

>0 

Lifetime  Wine  History  (drink-years  of  wine) 

Q-SR 

D/C 

0 

>0 

Industrial  Chemical  Exposure 

Q-SR 

D 

Yes 

No 

Degreasing  Chemical  Exposure 

Q-SR 

D 

Yes 

No 

Abbreviations 

Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 
MR-V:  Medical  records  (verified) 

PE:  1997  physical  examination 

Q-SR:  Health  questionnaires  (self-reported) 
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Table  13-1.  Statistical  Analysis  for  the  Gastrointestinal  Assessment  (Continued) 


Data  Form:  D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analysis  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 


Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 

Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 
GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 
PR:  Polytomous  logistic  regression  analysis 


Table  13-2  provides  a  summary  of  the  number  of  participants  with  missing  dependent  variable  and 
co variate  data.  In  addition,  the  number  of  participants  excluded  because  of  medical  conditions  is  given. 


Table  13-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Gastrointestinal 
Assessment 


T,',  '  Dioxin i  f 

Group  (Ranch  Hands  Only)  Categorized  Dioxin 


ihS  I  Variable  ■*  ‘l  "l  \  •- 

Variable 

Use 

Ranch 

Hand 

Comparison 

Initial 

1987 

Ranch 

Hand 

Comparison 

Lactic  Dehydrogenase 

DEP 

0 

2 

0 

0 

0 

2 

HDL 

DEP 

1 

1 

1 

1 

1 

1 

Cholesterol-HDL  Ratio 

DEP 

1 

1 

1 

1 

1 

1 

Triglycerides 

DEP 

1 

0 

0 

1 

1 

0 

Antibodies  for  Hepatitis  A 

DEP 

0 

1 

0 

0 

0 

1 

Serological  Evidence  of  Prior 

DEP 

0 

1 

0 

0 

0 

1 

Hepatitis  B  Infection 

Stool  Hemoccult 

DEP 

27 

35 

13 

25 

25 

32 

Current  Alcohol  Use 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Current  Wine  Consumption 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Wine  History 

COV 

4 

2 

2 

4 

4 

1 

Pre-SEA  Jaundice 

EXC 

24 

32 

13 

24 

24 

31 

Pre-SEA  Chronic  Liver  Disease 

EXC 

1 

4 

1 

1 

1 

4 

and  Cirrhosis  (Alcohol-related) 
No  Lifetime  Alcohol  History 

EXC 

54 

64 

34 

54 

54 

62 

Pre-SEA  Chronic  Liver  Disease 

EXC 

0 

1 

0 

0 

0 

1 

and  Cirrhosis  (Non-alcohol- 
related) 

Pre-SEA  Enlarged  Liver 

EXC 

1 

2 

1 

1 

1 

2 

Pre-SEA  Other  Liver  Disorders 

EXC 

4 

11 

1 

4 

4 

11 

Body  Temperature  >100° 

EXC 

1 

0 

1 

1 

1 

0 

Fahrenheit  at  the  Time  of  the 
Physical  Exam 

Hepatitis  B  Surface  Antigen 

EXC 

1 

2 

1 

1 

1 

2 

(Current  Hepatitis  B) 
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Tabfe  13-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the 
Gastrointestinal  Assessment  (Continued) 


llllIlSSiRiilfiil® 

%  Dioxin 

•:;(Randtt;®ndi|>idy)' ' 

§jf  Categorized  Dioxin 

Ranch 

Hand 

Comparison 

Initial 

1987 

Ranch 

ligg§§ 

Comparison  i 

Antibodies  for  Hepatitis  C 

EXC 

9 

18 

4 

9 

9 

17 

Antibodies  for  Hepatitis  D 

EXC 

1 

0 

1 

1 

1 

0 

Vaccinated  for  Hepatitis  B 

EXC 

1 

1 

1 

1 

1 

1 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


13.1.4.1  Longitudinal  Analysis 

The  longitudinal  analysis  of  the  gastrointestinal  assessment  examined  seven  laboratory  variables  (AST, 
ALT,  GGT,  cholesterol,  HDL  cholesterol,  the  cholesterol-HDL  ratio,  and  triglycerides).  Each  variable 
was  analyzed  in  both  its  continuous  and  discrete  forms.  These  longitudinal  analyses  were  used  to  assess 
any  relation  between  herbicide  exposure  or  dioxin  levels  and  hepatic  changes  across  time. 


13.2  RESULTS 

13.2. 1  Dependent  Variable-Covariate  Associations 

Covariate  tests  of  association  were  performed  to  examine  the  relation  between  the  covariates  used  in  the 
adjusted  analyses  and  the  dependent  variables.  These  associations  are  pairwise  between  the  dependent 
variable  and  the  covariate  and  are  not  adjusted  for  any  other  covariates.  Appendix  Table  F-5  provides 
summary  results  of  these  analyses,  including  correlation  coefficients  (r),  percents  abnormal,  means,  and 
p-values  to  test  the  statistical  significance  of  the  associations.  Statistically  significant  (p<0.05) 
associations  are  discussed  below. 

13.2.1.1  Medical  Records  Variables 

The  association  between  a  history  of  uncharacterized  hepatitis  and  lifetime  alcohol  consumption  was 
significant  (p=0.010).  Uncharacterized  hepatitis  decreased  as  lifetime  alcohol  consumption  increased. 

Tests  of  covariate  association  showed  race  (p=0.025),  lifetime  alcohol  history  (p=0.001),  and  industrial 
chemical  exposure  (p=0.024)  to  be  significantly  associated  with  alcohol-related  chronic  liver  disease. 
Black  participants  had  a  higher  prevalence  of  alcohol-related  chronic  liver  disease  than  non-Blacks 
(9.5%  vs.  4.5%).  The  percentage  of  participants  with  chronic  liver  disease  increased  as  lifetime  alcohol 
consumption  increased.  Participants  who  reported  exposure  to  industrial  chemicals  had  a  higher 
percentage  of  alcohol-related  chronic  liver  disease  (5.6%)  than  participants  who  did  not  report  exposure 
(3.3%). 

Non-alcohol-related  chronic  liver  disease  was  significantly  associated  with  lifetime  alcohol  history 
(p=0.01 1).  Moderate  drinkers  (in  terms  of  drink-years)  had  the  highest  percentage  of  non-alcohol-related 
chronic  liver  disease  (1.8%),  followed  by  nondrinkers  (1.7%)  and  heavier  drinkers  (0.2%). 
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The  percentage  of  participants  with  enlarged  livers  increased  with  age  (p=0.038)  and  lifetime  alcohol 
history  (p=0.001). 

Other  liver  disorders  were  significantly  associated  with  race  (p=0.001)  and  lifetime  alcohol  history 
(p~0.043).  The  prevalence  of  other  liver  disorders  was  greater  for  Blacks  (43.0%)  than  for  non-Blacks 
(25.6%).  The  percentage  of  participants  with  a  history  of  other  liver  disorders  increased  as  drinking 
increased. 


13.2.1.2  Laboratory  Examination  Variables 

AST  in  its  continuous  form  increased  with  current  alcohol  use  (p<0.001)  and  lifetime  alcohol  history 
(p=0.002).  Dichotomized  AST  showed  an  increase  in  the  percentage  of  high  AST  levels  as  current 
alcohol  use  increased  (p=0.001). 

ALT  in  its  discrete  form  was  significantly  associated  with  age  (p<0.001)  and  occupation  (p=0.009). 
Younger  participants  had  a  larger  percentage  of  high  ALT  values  than  did  older  participants  (10.0%  vs. 
5.4%).  Enlisted  flyers  had  the  highest  percentage  of  high  ALT  values  (10.1%),  followed  by  enlisted 
groundcrew  (8.2%),  then  officers  (5.4%).  ALT  in  its  continuous  form  significantly  decreased  with  age 
(p<0.001)  and  increased  with  current  alcohol  use  (p=0.009). 

For  GGT  in  its  continuous  form,  tests  of  covariate  association  were  significant  for  age  (p<0.001),  race 
(p=0.012),  occupation  (p=0.026),  current  alcohol  use  (p<0.001),  and  lifetime  alcohol  history  (p<0.001). 
Levels  of  GGT  decreased  with  age.  Black  participants  showed  significantly  higher  mean  GGT  levels  than 
non-Blacks  (48.65  U/l  versus  42.70  U/l).  Enlisted  flyers  had  the  highest  mean  GGT  levels  (44.91  U/l), 
followed  by  the  enlisted  groundcrew  (43.87  U/l)  and  officers  (41.38  U/l).  GGT  levels  increased  with 
current  alcohol  use  and  lifetime  alcohol  history.  Tests  of  covariate  association  for  GGT  in  its  discrete 
form  showed  similar  results,  except  that  race  was  not  significantly  associated  with  the  discrete  form  of 
GGT. 

Alkaline  phosphatase  in  its  continuous  form  was  significantly  associated  with  occupation  (p<0.001), 
current  wine  consumption  (p<0.001),  and  lifetime  wine  history  (p<0.001).  Mean  alkaline  phosphatase 
levels  decreased  with  current  wine  consumption  and  lifetime  wine  history.  Enlisted  flyers  had  the  highest 
mean  alkaline  phosphatase  level  (83.60  U/l),  followed  by  enlisted  groundcrew  (82.29  U/l)  and  officers 
(77.43  U/l). 

Total  bilirubin  in  its  continuous  form  increased  with  age  (p=0.005)  and  current  alcohol  use  (p<0.001). 
Occupation  (p=0.001)  and  degreasing  chemical  exposure  (p=0.020)  also  were  associated  significantly 
with  total  bilirubin  in  its  continuous  form.  Officers  showed  the  highest  mean  total  bilirubin  level  (0.544 
mg/dl),  followed  by  enlisted  flyers  (0.502  mg/dl)  and  enlisted  groundcrew  (0.504  mg/dl).  Participants 
who  reported  exposure  to  degreasing  chemicals  had  a  higher  mean  total  bilirubin  level  (0.536  mg/dl)  than 
did  those  who  did  not  report  exposure  (0.510  mg/dl).  Results  of  the  test  for  discretized  total  bilirubin 
revealed  a  significant  association  with  current  alcohol  use  (p=0.023).  Participants  who  were  currently 
moderate  drinkers  (in  terms  of  drinks  per  day)  had  the  lowest  prevalence  of  high  total  bilirubin  values 
(5.4%),  followed  by  those  who  were  lighter  drinkers  (5.7%)  and  those  who  were  heavier  drinkers 
(15.2%).  The  percentage  of  participants  with  high  direct  bilirubin  levels  increased  with  current  alcohol 
use  (p=0.004)  and  lifetime  drinking  history  (p=0.013). 

Lactic  dehydrogenase  in  its  continuous  form  increased  with  age  (pcO.001). 
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Tests  of  covariate  association  for  cholesterol  in  its  continuous  form  showed  a  significant  association  with 
age  (p=0.025),  occupation  (p=0.004),  and  current  alcohol  use  (pcO.OOl).  Cholesterol  levels  decreased 
with  age  and  increased  with  current  alcohol  use.  Enlisted  flyers  had  the  highest  mean  cholesterol  levels 
(215.7  mg/dl),  followed  by  the  enlisted  groundcrew  (212.9  mg/dl)  and  officers  (208.5  mg/dl). 

Cholesterol  in  its  discretized  form  showed  significant  associations  with  current  alcohol  use  (p=0.009)  and 
lifetime  alcohol  history  (p=0.047).  Participants  who  were  moderate  drinkers  had  the  highest  prevalence 
of  high  cholesterol  levels  (19.8%),  followed  by  heavier  drinkers  (19.6%)  and  participants  who  were 
lighter  drinkers  (13.7%).  The  percentage  of  participants  with  high  cholesterol  levels  increased  with 
lifetime  alcohol  history. 

HDL  cholesterol  in  its  continuous  form  increased  with  current  alcohol  use  (p<0.001)  and  lifetime  alcohol 
history  (pcO.OOl).  Race  (p=0.002),  occupation  (p<0.001),  industrial  chemical  exposure  (p=0.005),  and 
degreasing  chemical  exposure  (p=0.001)  also  were  associated  significantly  with  HDL  cholesterol.  Black 
participants  had  higher  mean  HDL  cholesterol  levels  than  non-Blacks  (48.17  mg/dl  vs.  44.70  mg/dl). 
Officers  had  higher  mean  HDL  cholesterol  levels  (46.67  mg/dl),  followed  by  enlisted  flyers  (44.24  mg/dl) 
and  enlisted  groundcrew  (43.59  mg/dl).  Participants  who  reported  exposure  to  industrial  chemicals  had 
lower  mean  HDL  cholesterol  levels  (44.33  mg/dl)  than  those  who  did  not  report  exposure  (45.81  mg/dl). 
Similarly,  participants  who  reported  exposure  to  degreasing  chemicals  had  lower  mean  HDL  cholesterol 
levels  (44.25  mg/dl)  than  those  who  did  not  report  exposure  (46.07  mg/dl). 

Tests  of  covariate  association  for  HDL  cholesterol  in  its  discrete  form  showed  similar  results.  Significant 
co variates  were  occupation  (p-0.002),  current  alcohol  use  (p=0.001),  lifetime  alcohol  history  (p=0.001), 
industrial  chemical  exposure  (p=0.028),  and  degreasing  chemical  exposure  (p=0.023).  Race  was  not 
significantly  associated  with  HDL  cholesterol  in  its  discrete  form.  Enlisted  flyers  had  the  highest 
percentage  of  low  HDL  cholesterol  levels  (10.2%),  followed  by  the  enlisted  groundcrew  (9.1%)  and 
officers  (5.2%).  Participants  who  were  currently  light  drinkers  had  the  highest  percentage  of  low  HDL 
cholesterol  levels  (9.0%),  followed  by  heavier  drinkers  (4.3%)  and  moderate  drinkers  (2.4%).  The 
prevalence  of  low  HDL  cholesterol  levels  decreased  as  lifetime  alcohol  consumption  increased.  In  each 
of  the  analyses  of  industrial  chemical  exposure  and  degreasing  chemical  exposure,  participants  who 
reported  exposure  had  a  higher  percentage  of  low  HDL  cholesterol  levels. 

The  cholesterol-HDL  ratio  in  its  continuous  form  decreased  with  age  (p=0.003),  current  alcohol  use 
(p<0.001),  and  lifetime  alcohol  history  (pcO.OOl).  Significant  associations  also  were  found  with  race 
(p=0.011),  occupation  (pcO.OOl),  industrial  chemical  exposure  (pcO.OOl),  and  degreasing  chemical 
exposure  (pcO.OOl).  Non-Blacks  had  a  higher  mean  cholesterol-HDL  ratio  than  Blacks  (4.69  vs.  4.39). 
Enlisted  groundcrew  had  the  highest  mean  cholesterol-HDL  ratio  (4.85),  followed  by  enlisted  flyers 
(4.84)  and  officers  (4.43).  For  both  industrial  chemical  exposure  and  degreasing  chemical  exposure 
covariates,  participants  who  reported  exposure  had  higher  mean  cholesterol-HDL  ratios. 

The  tests  of  co  variate  association  for  the  cholesterol-HDL  ratio  in  its  discrete  form  showed  similar  results. 
Younger  participants  had  a  higher  prevalence  of  high  cholesterol-HDL  ratios  than  did  the  older 
participants  (44.5%  vs.  38.7%,  p=0.008).  Non-Blacks  had  a  larger  percentage  of  high  cholesterol-HDL 
ratios  than  Blacks  (42.0%  vs.  28.3%,  p=0.004).  Occupation  was  significantly  associated  with  the  discrete 
form  of  the  cholesterol-HDL  ratio  (p=0.001).  Enlisted  groundcrew  had  the  highest  prevalence  of  low 
cholesterol-HDL  ratios  (48.2%),  followed  by  enlisted  flyers  (43.4%)  and  officers  (32.6%).  The 
percentage  of  participants  with  high  cholesterol-HDL  ratios  decreased  with  increased  current  alcohol  use 
(p=0.001)  and  increased  lifetime  alcohol  history  (p=0.001).  For  both  industrial  chemical  exposure  and 
degreasing  chemical  exposure  covariates,  participants  who  reported  exposure  had  higher  percentages  of 
high  cholesterol-HDL  ratios  (p=0.001  for  both  co  variates). 
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Triglycerides  in  its  continuous  form  significantly  decreased  with  age  (p=0.001).  Significant  associations 
with  race  (p<0.001),  occupation  (p<0.001),  industrial  chemical  exposure  (p=0.013),  and  degreasing 
chemical  exposure  (p=0.002)  also  were  revealed.  Non-Black  participants  had  a  higher  mean  triglycerides 
level  than  Blacks  (123.5  mg/dl  vs.  93.0  mg/dl).  Enlisted  flyers  had  the  highest  mean  triglycerides  level 
(131.3  mg/dl),  followed  by  enlisted  groundcrew  (126.1  mg/dl)  and  officers  (1 13.0  mg/dl).  Participants 
who  reported  exposure  to  industrial  chemicals  had  higher  mean  triglyceride  levels  than  those  who  did  not 
report  exposure  (124.9  mg/dl  vs.  1 16.4  mg/dl).  Similarly,  participants  who  reported  exposure  to 
degreasing  chemicals  had  higher  mean  triglyceride  levels  (125.6  mg/dl)  than  those  who  did  not  report 
exposure  (114.7  mg/dl). 

The  tests  of  covariate  association  for  triglycerides  in  its  discrete  form  showed  significant  associations 
with  age  (p=0.003),  race  (p=0.001),  occupation  (p=0.002),  industrial  chemical  exposure  (p=0.035),  and 
degreasing  chemical  exposure  (p=0.012).  The  prevalence  of  high  triglyceride  levels  was  higher  among 
the  younger  participants  than  the  older  participants  (24.0%  vs.  18.6%).  Non-Blacks  had  a  larger 
percentage  of  high  triglycerides  than  Blacks  (21.8%  vs.  6.7%).  Enlisted  flyers  had  the  highest  percentage 
of  high  triglyceride  levels  (24.2%),  followed  by  the  enlisted  groundcrew  (23.2%)  and  officers  (17.1%). 
For  both  industrial  chemical  exposure  and  degreasing  chemical  exposure  covariates,  participants  who 
reported  exposure  had  higher  percentages  of  high  triglyceride  levels. 

Creatine  phosphokinase  in  its  continuous  form  significantly  decreased  with  age  (p<0.001)  and  current 
alcohol  use  (p=0.013).  Also  significant  were  race  (p<0.001)  and  occupation  (p=0.038).  Black 
participants  had  a  higher  mean  creatine  phosphokinase  level  than  non-Blacks  (195.9  U/l  vs.  102.0  U/l). 
Enlisted  groundcrew  had  the  highest  mean  creatine  phosphokinase  levels  (109.2  U/l),  followed  by  officers 
(104.9  U/l),  then  enlisted  flyers  (99.2  U/l). 

Tests  of  co variate  association  for  creatine  phosphokinase  in  its  discrete  form  showed  a  significant 
association  with  age  (p=0.006),  race  (p=0.001),  and  current  alcohol  use  (p=0.018).  Younger  participants 
had  a  larger  percentage  of  high  creatine  phosphokinase  values  than  did  the  older  participants  (11.0%  vs. 
7.4%).  Black  participants  had  a  larger  percentage  of  high  creatine  phosphokinase  values  than  non-Blacks 
(34.2%  vs.  7.1%).  Participants  who  were  currently  heavier  drinkers  had  the  highest  prevalence  of  high 
creatine  phosphokinase  values  (10.9%),  followed  by  lighter  drinkers  (9.7%)  and  moderate  drinkers 
(5.1%). 

Serum  amylase  in  its  continuous  form  showed  significant  associations  with  race  (p<0.001)  and  current 
alcohol  use  (p=0.001).  Blacks  had  a  higher  mean  serum  amylase  level  (72.71  U/l)  than  non-Blacks 
(56.04  U/l).  Serum  amylase  levels  decreased  as  current  alcohol  use  increased.  The  discrete  form  of 
serum  amylase  was  significantly  associated  with  race  (p=0.001).  Blacks  had  a  larger  percentage  of  high 
serum  amylase  values  than  non-Blacks  (10.8%  vs.  2.5%). 

Tests  of  covariate  association  for  the  presence  of  antibodies  for  hepatitis  A  showed  significant 
associations  with  age  (p=0.001),  race  (p=0.012),  occupation  (p=0.001),  and  lifetime  alcohol  history 
(p=0.001).  A  higher  percentage  of  the  older  participants  had  hepatitis  A  antibodies  (40.9%)  than  the 
younger  participants  (23.5%).  Black  participants  had  a  higher  prevalence  of  hepatitis  A  antibodies  than 
did  non-Black  participants  (43.8%  vs.  32.5%).  Enlisted  flyers  had  the  highest  percentage  of  participants 
with  antibodies  for  hepatitis  A  (47.3%),  followed  by  enlisted  groundcrew  (33.6%)  and  officers  (27.0%). 
The  highest  percentage  of  positive  results  for  hepatitis  A  antibodies  was  among  nondrinkers  (45.8%), 
followed  by  heavy  lifetime  drinkers  (35.9%)  and  moderate  lifetime  drinkers  (30.9%). 

Evidence  of  prior  hepatitis  B  infection  was  significantly  associated  with  race  (p=0.001),  occupation 
(p=0.001),  and  lifetime  alcohol  history  (p=0.001).  Black  participants  had  a  higher  percentage  of  prior 
hepatitis  B  infections  than  non-Blacks  (26.8%  vs.  10.7%).  Enlisted  flyers  had  the  highest  percentage  of 
prior  hepatitis  B  infections  (16.6%),  followed  by  enlisted  groundcrew  (14.9%)  and  officers  (6.0%).  The 
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percentage  of  participants  with  serological  evidence  of  prior  hepatitis  B  infections  increased  with  lifetime 
alcohol  consumption. 

Current  hepatitis  B  was  significantly  associated  with  race  (p=0.001)  and  current  alcohol  use  (p=0.002). 
Black  participants  had  a  higher  percentage  of  positive  current  hepatitis  B  results  than  did  non-Black 
participants  (1.6%  vs.  0.1%).  Participants  who  were  currently  heavier  drinkers  had  the  highest  prevalence 
of  current  hepatitis  B  (2.0%),  followed  by  lighter  drinkers  (0.1%)  and  moderate  drinkers  (0.0%). 

The  presence  of  hepatitis  C  antibodies  was  significantly  associated  with  race  (p=0.002),  occupation 
(p=0.024),  current  alcohol  use  (p=0.004),  and  industrial  chemical  exposure  (p=0.022).  Black  participants 
had  a  higher  percentage  of  positive  hepatitis  C  results  than  non-Blacks  (4.7%  vs.  1.1%).  Enlisted 
groundcrew  had  the  highest  prevalence  of  positive  results  for  hepatitis  C  antibodies  (2.0%),  followed  by 
enlisted  flyers  (0.9%)  and  officers  (0.6%).  Participants  who  were  currently  heavier  drinkers  had  the 
highest  percentage  of  positive  hepatitis  C  results  (6.0%),  followed  by  lighter  drinkers  (1.2%)  and 
moderate  drinkers  (0.5%).  Participants  who  reported  exposure  to  industrial  chemicals  had  a  higher 
percentage  of  positive  hepatitis  C  results  than  did  participants  who  did  not  report  exposure  (1.7%  vs. 
0.5%). 

The  results  of  the  tests  of  covariate  association  for  stool  hemoccult  revealed  that  age  and  industrial 
chemical  exposure  were  statistically  significant  (p=0.006  and  p=0.021,  respectively).  Older  participants 
had  a  higher  percentage  of  positive  stool  hemoccult  results  (5.1%)  than  did  the  younger  participants 
(2.6%).  Participants  who  did  not  report  exposure  to  industrial  chemicals  had  a  higher  prevalence  of 
positive  stool  hemoccult  results  (5.4%)  than  did  those  who  reported  exposure  (3.2%). 

Prealbumin  in  its  continuous  form  significantly  decreased  with  age  (p<0.001)  and  increased  with  current 
alcohol  use  (p<0.001).  Covariate  association  tests  for  discretized  prealbumin  revealed  significant 
associations  with  current  alcohol  use  (p=0.003)  and  lifetime  alcohol  history  (p=0.003).  The  prevalence  of 
low  prealbumin  levels  increased  with  current  alcohol  use.  Heavy  lifetime  drinkers  had  a  higher 
prevalence  of  low  prealbumin  levels  (2.3%),  followed  by  nondrinkers  (1.7%)  and  moderate  lifetime 
drinkers  (0.6%). 

Albumin  in  its  continuous  form  was  significantly  associated  with  age  (p<0.001)  and  degreasing  chemical 
exposure  (p=0.017).  Albumin  was  inversely  associated  with  age,  and  participants  who  reported  exposure 
to  degreasing  chemicals  had  a  lower  mean  albumin  level  than  those  who  did  not  report  exposure  (4,185.8 
mg/dl  vs.  4,222.3  mg/dl).  Dichotomized  albumin  was  only  significantly  associated  with  current  alcohol 
use  (p=0.047).  The  percentage  of  participants  with  low  albumin  levels  increased  with  current  alcohol  use. 

Tests  of  covariate  association  for  a- 1 -acid  glycoprotein  in  its  continuous  form  showed  significant 
associations  with  occupation  (p<0.001),  current  alcohol  use  (p<0.001),  and  lifetime  alcohol  history 
(p<0.001).  Levels  of  a- 1 -acid  glycoprotein  increased  with  current  alcohol  use  and  lifetime  alcohol 
history.  Enlisted  groundcrew  had  the  highest  mean  a- 1 -acid  glycoprotein  level  (86.34  mg/dl),  followed 
by  enlisted  flyers  (85.71  mg/dl)  and  officers  (81.68  mg/dl). 

The  discrete  form  of  a- 1 -acid  glycoprotein  was  significantly  associated  with  current  alcohol  use 
(p=0.003).  The  prevalence  of  high  a- 1 -acid  glycoprotein  values  increased  as  current  alcohol  use 
increased. 

The  continuous  form  of  a- 1 -antitrypsin  increased  with  age  (p<0.001)  and  lifetime  alcohol  history 
(p=0.001)  and  decreased  with  current  wine  consumption  (p<0.001).  Race  (p=0.006),  occupation 
(p<0.001),  industrial  chemical  exposure  (p=0.001),  and  degreasing  chemical  exposure  (p=0.023)  also 
were  significant.  Non-Black  participants  had  a  higher  mean  a- 1 -antitrypsin  level  than  did  Black 
participants  (148.3  mg/dl  vs.  141.8  mg/dl).  Enlisted  flyers  had  the  highest  mean  a- 1 -antitrypsin  level 
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(153.0  mg/dl),  followed  by  the  enlisted  groundcrew  (150.2  mg/dl)  and  officers  (143.4  mg/dl).  In  both 
industrial  chemical  exposure  and  degreasing  chemical  exposure,  participants  who  reported  exposure  had 
higher  mean  a- 1 -antitrypsin  levels. 

The  trichotomous  form  of  a- 1 -antitrypsin  was  significantly  associated  with  occupation  (p=0.022), 
industrial  chemical  exposure  (p=0.037),  and  current  wine  consumption  (p=0.031).  Officers  had  the 
highest  percentage  of  abnormally  low  a- 1 -antitrypsin  levels  (2.3%),  followed  by  enlisted  groundcrew 
(0.9%)  and  enlisted  flyers  (0.6%).  Enlisted  flyers  and  enlisted  groundcrew  each  had  0.9  percent 
abnormally  high  a- 1 -antitrypsin  values,  followed  by  officers  with  0.2  percent  abnormally  high 
a- 1 -antitrypsin  values.  Participants  who  did  not  report  exposure  to  industrial  chemicals  had  a  higher 
percentage  of  abnormally  low  a- 1 -antitrypsin  levels  (2.1%),  as  well  as  a  higher  percentage  of  abnormally 
high  a- 1 -antitrypsin  levels  (0.9%)  than  participants  who  reported  exposure  to  industrial  chemicals  (0.9 
percent  abnormally  low  and  0.5  percent  abnormally  high).  Participants  who  currently  drank  wine  had  a 
higher  percentage  of  abnormally  low  a- 1 -antitrypsin  values  than  those  who  did  not  drink  wine  (1.9%  vs. 

1 .0%).  Participants  who  currently  did  not  drink  wine  had  a  higher  percentage  of  abnormally  high 
a- 1 -antitrypsin  values  than  did  those  who  currently  did  drink  wine  (0.9%  vs.  0.2%). 

The  continuous  form  of  a-2-macroglobulin  increased  with  age  (p<0.001)  and  decreased  with  current 
alcohol  use  (p=0.031).  Race  and  occupation  were  associated  significantly  with  a-2-macroglobulin 
(p<0.001  and  p=0.013,  respectively).  Non-Black  participants  had  a  higher  mean  oc-2-macroglobulin  level 
than  did  Black  participants  (172.2  mg/dl  vs.  152.1  mg/dl).  Enlisted  flyers  had  the  highest  mean 
a-2-macroglobulin  level  (177.2  mg/dl),  followed  by  officers  (170.8  mg/dl)  and  enlisted  groundcrew 
(169.0  mg/dl). 

Tests  of  covariate  association  for  discretized  ot-2-macroglobulin  found  significant  covariate  associations 
with  age  and  lifetime  alcohol  history  (p=0.001  each).  The  prevalence  of  high  ot-2-macroglobulin  levels 
increased  with  age.  Nondrinkers  had  the  highest  percentage  of  high  a- 1 -macroglobulin  levels,  followed 
by  heavy  drinkers  and  moderate  lifetime  drinkers  (9.3%,  3.3%,  and  2.9%,  respectively). 

In  its  continuous  form,  tests  of  covariate  association  showed  apolipoprotein  B  levels  significantly 
decreased  with  age  (p=0.023).  Occupation  also  was  associated  significantly  with  apolipoprotein  B 
(p<0.001).  Enlisted  flyers  had  the  highest  mean  apolipoprotein  B  level  (1 14.3  mg/dl),  followed  by  the 
enlisted  groundcrew  (1 12.4  mg/dl)  and  officers  (108.3  mg/dl).  Apolipoprotein  B  in  its  discrete  form 
showed  a  significant  covariate  association  with  occupation  (p=0.004).  Enlisted  flyers  had  the  highest 
prevalence  of  high  apolipoprotein  B  values  (56.1%),  followed  by  enlisted  groundcrew  (53.7%)  and 
officers  (47.1%). 

C3  complement  in  its  continuous  form  decreased  with  age  (p=0.027),  current  alcohol  use  (p<0.001),  and 
lifetime  alcohol  history  (p=0.034).  Race  (p=0.002),  occupation  (p<0.001),  industrial  chemical  exposure 
(p<0.001),  and  degreasing  chemical  exposure  (p<0.001)  also  were  associated  significantly  with  C3 
complement.  Non-Black  participants  had  a  lower  mean  C3  complement  level  than  Black  participants 
(1 18.4  mg/dl  vs.  124.0  mg/dl).  Officers  had  the  lowest  mean  C3  complement  level  (114.7  mg/dl), 
followed  by  enlisted  flyers  (120.5  mg/dl)  and  enlisted  groundcrew  (121.6  mg/dl).  For  each  of  the 
industrial  chemical  exposure  and  degreasing  chemical  exposure  covariates,  participants  who  did  not 
report  exposure  had  lower  mean  C3  complement  levels. 

Current  alcohol  use  was  significantly  associated  with  C3  complement  in  its  discrete  form  (p=0.001). 
Participants  who  were  currently  moderate  drinkers  had  the  highest  percentage  of  low  C3  complement 
values  (4.6%),  followed  by  lighter  drinkers  (1.6%)  and  heavier  drinkers  (0.0%). 
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Tests  of  covariate  association  showed  C4  complement  in  its  continuous  form  to  be  significantly 
associated  with  race  (p<0.001),  occupation  (pcO.OOl),  and  industrial  chemical  exposure  (p=0.029). 
Non-Black  participants  had  a  lower  mean  C4  complement  level  than  Black  participants  (25.65  mg/dl  vs. 
29.00  mg/dl).  Officers  had  the  lowest  mean  C4  complement  level  (25.21  mg/dl),  followed  by  enlisted 
flyers  (25.95  mg/dl)  and  enlisted  groundcrew  (26.35  mg/dl).  Participants  who  did  not  report  exposure  to 
industrial  chemicals  had  a  lower  mean  C4  complement  level  than  those  who  reported  exposure  (25.51 
mg/dl  vs.  26.02  mg/dl). 

C4  complement  in  its  discrete  form  was  significantly  associated  with  degreasing  chemical  exposure 
(p=0.031).  Participants  who  did  not  report  exposure  had  a  higher  prevalence  of  low  C4  complement 
values  (0.5%)  than  those  who  reported  exposure  (0.0%). 

In  its  continuous  form,  tests  of  covariate  association  showed  haptoglobin  levels  increased  significantly 
with  current  alcohol  use  and  lifetime  alcohol  history  (p=0.013  and  pcO.OOl,  respectively).  Occupation, 
industrial  chemical  exposure,  and  degreasing  chemical  exposure  also  were  associated  significantly  with 
haptoglobin  (pcO.OOl,  p=0.013,  and  p=0.001,  respectively).  Enlisted  flyers  had  the  highest  mean 
haptoglobin  level  (142.0  mg/dl),  followed  by  enlisted  groundcrew  (136.3  mg/dl)  and  officers  (118.7 
mg/dl).  In  each  of  the  industrial  chemical  exposure  and  degreasing  chemical  exposure  covariates, 
participants  who  reported  exposure  had  higher  mean  haptoglobin  levels. 

In  its  discrete  form,  tests  of  covariate  association  for  haptoglobin  showed  similar  results  to  the  continuous 
analysis.  Significant  covariates  were  occupation  (p=0.001),  current  alcohol  use  (p=0.005),  lifetime 
alcohol  history  (p=0.018),  industrial  chemical  exposure  (p=0.010),  and  degreasing  chemical  exposure 
(p=0.003).  Enlisted  flyers  had  the  highest  percentage  of  high  haptoglobin  levels  (36.1%),  followed  by 
enlisted  groundcrew  (33.8%)  and  officers  (22.9%).  The  prevalence  of  high  haptoglobin  levels  increased 
with  current  alcohol  use.  Heavy  lifetime  drinkers  had  the  largest  percentage  of  high  haptoglobin  values 
(34.2%),  followed  by  nondrinkers  (30.5%)  and  moderate  lifetime  drinkers  (27.8%).  In  each  of  the 
analyses  of  industrial  chemical  exposure  and  degreasing  chemical  exposure,  participants  who  reported 
exposure  had  a  larger  percentage  of  high  haptoglobin  levels. 

Transferrin  in  its  continuous  form  significantly  decreased  with  age  (p=0.022)  and  increased  with  current 
alcohol  use  (p=0.022).  Also  significantly  associated  with  transferrin  were  race  (pcO.OOl)  and  degreasing 
chemical  exposure  (p=0.009).  Black  participants  had  a  lower  mean  transferrin  level  than  non-Blacks 
(237.8  mg/dl  vs.  251.7  mg/dl).  Participants  who  reported  exposure  to  degreasing  chemicals  had  a  lower 
mean  transferrin  level  than  those  who  were  exposed  (248.2  mg/dl  vs.  252.4  mg/dl). 

Tests  of  covariate  association  for  discretized  transferrin  showed  age  and  race  to  be  significantly 
associated  with  transferrin  (p=0.043  and  p=0.001,  respectively).  Older  participants  had  a  higher 
prevalence  of  low  transferrin  levels  than  did  younger  participants  (1 1.0%  vs.  8.2%).  Blacks  had  a  higher 
percentage  of  low  transferrin  levels  than  non-Blacks  (20.8%  vs.  9.1%). 

13.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  13-1.  Dependent  variables  were  derived  from  a  medical  records  review  and  verification  of  self- 
reported  gastrointestinal  conditions,  a  1997  physical  examination  determination  of  hepatomegaly,  and 
numerous  laboratory  measurements  conducted  at  the  1997  follow-up  examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  13-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
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without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports,  the 
average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by  enlisted  flyers, 
then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  parts  per  trillion  (ppt).  If  a 
participant  did  not  have  a  1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If 
a  participant  did  not  have  a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial 
dioxin  level.  A  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood 
measurement  of  dioxin  was  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (66). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories.  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 

The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

13.2.2.1  Medical  Records  Variables 

13.2.2.1.1  Uncharacterized  Hepatitis 

All  unadjusted  and  adjusted  analyses  of  the  appearance  of  uncharacterized  hepatitis  for  Models  1  through 
4  were  nonsignificant  (Table  13-3(a-h):  p>0.18  for  all  analyses). 
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Table  13-3.  Analysis  of  Un characterized  Hepatitis 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


-f  -jb  $ 

:  Number  (%) 

vvYes;r 

Est  Relative  Risk  !  I 

i  J  |  (95%  CX)l>y\  IjH 

p- Value  Hi 

All 

Ranch  Hand 

863 

17(2.0) 

1.17  (0.61,2.23) 

0.634 

Comparison 

1,244 

21  (1.7) 

Officer 

Ranch  Hand 

338 

5  (1.5) 

1.03  (0.32,3.28) 

0.958 

Comparison 

488 

7(1.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

4(2.6) 

1.67  (0.37,7.57) 

0.507 

Comparison 

187 

3(1.6) 

Enlisted 

Ranch  Hand 

374 

8(2.1) 

1.11  (0.44,2.78) 

0.826 

Groundcrew 

Comparison 

569 

110.9) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category  '  (95%  C.I.).  p- Value 


All 

1.18(0.62,2.26) 

0.617 

Officer 

1.05  (0.33,3.35) 

0.935 

Enlisted  Flyer 

1.62  (0.35,7.40) 

0.533 

Enlisted  Groundcrew 

1.13  (0.45,2.85) 

0.795 

*  Analysis  Results  for  Ld^2i(fo^aj!j|ip^)6fl  \ 

Initial  Number  (%) 

Dioxin  -  n  ..  Yes 

H|e 

(95%  C.I.)1’  p- Value 

Low  158  3  (1.9) 

Medium  161  3  (1.9) 

High  159  3(1.9) 

1.10(0.67,1.80)  0.705 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HAJNDS-IM'E^ 

| .§? £}$$$$>  v  Results  for  Log2  (Initial, }Dioxiii)|” { f  1  $ 

^^p8JllpJp|plS|(|p|pi|| 

475  1.02(0.58,1.79) 

0.936 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  industrial  chemical  exposure,  and  degreasing  chemical  exposure  because  of 
the  sparse  number  of  Ranch  Hands  with  uncharacterized  hepatitis. 
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Table  13-3 .  Analysis  of  Uncharacterized  Hepatitis  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est  Relative  Risk 

||ll||^^a  iCat^ory':;-' :  |ftf| 

'  — :  :  n 

Yes  (95%C.I.)ab  : 

111  fill  p- Value  llJjgj 

Comparison 

1,206 

21(1.7) 

Background  RH 

378 

8(2.1)  1.27(0.56,2.92) 

0.568 

Low  RH 

237 

4(1.7)  0.96(0.33,2.82) 

0.938 

High  RH 

241 

5(2.1)  1.15(0.43,3.10) 

0.779 

Low  plus  High  RH 

478 

9(1.9)  1.05(0.48,2.32) 

0.902 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-^JUSTED  |p||| 

Adjusted  Relative  Risk 

(95%  c.i.)*  ; 

Comparison 

1,205 

Background  RH 

375 

1.39  (0.59,3.27) 

0.450 

Low  RH 

236 

1.00  (0.34,2.97) 

0.999 

High  RH 

239 

1.04  (0.38,2.89) 

0.932 

Low  plus  High  RH 

475 

1.02  (0.46,2.28) 

0.957 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


H^DS  - 1987  DJCp|JJ$  -  UNADJUSTED  VSt  1  ?%  **  f  \  ' 

|||j|-  1  v  "  Analysis  ResultsTor  Ebfo  (19&7  Dioxin  + 1)  %  r- 1  |  J 'J 

Ego— — 

•'  ■  '■  '  •  . 

0.86(0.61,1.21)  0.377 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  13-3.  Analysis  of  Uncharacterized  Hepatitis  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  <1987  Dioxin +  1) 
Adjusted  Relative  Risk 


■  ■  n 

<95%  C.I.)a 

p-Value 

850 

0.78  <0.55,1.12) 

0.184 

a  Relative  risk  for  a  twofold  increase 

in  1987  dioxin. 

13.2.2.1.2  Jaundice  (Unspecified) 

The  unadjusted  Model  1  analysis  revealed  a  significant  overall  group  difference  in  the  percentage  of 
individuals  with  jaundice  (Table  13-4(a):  Est.  RR=0.49,  p=0.025).  The  percentage  of  Ranch  Hands  with 
jaundice  was  1.4  percent  versus  2.9  percent  of  the  Comparisons.  After  stratifying  by  occupation, 
marginally  significant  differences  were  seen  between  Ranch  Hand  and  Comparison  officers,  as  well  as 
enlisted  groundcrew  (Table  13-4(a):  Est.  RR=0.45,  p=0.091;  Est.  RR=0.30,  p=0.057,  respectively).  The 
percentage  of  officers  and  enlisted  groundcrew  with  jaundice  was  higher  among  the  Comparisons  than  the 
Ranch  Hands. 


Table  13-4.  Analysis  of  Jaundice  (Unspecified) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

Number  (%) 

;  Y es  _l 

Est.  Relative  Risk 
<95%  C.l.) 

All 

Ranch  Hand 

846 

12(1.4) 

0.49  (0.25,0.94) 

0.025 

Comparison 

1,219 

35  (2.9) 

Officer 

Ranch  Hand 

329 

6(1.8) 

0.45  <0.18,1.14) 

0.091 

Comparison 

478 

19  (4.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

3  (2.0) 

3.70  (0.38,35.9) 

0.260 

Comparison 

181 

1  (0.6) 

Enlisted 

Ranch  Hand 

368 

3  (0.8) 

0.30  (0.09,1.04) 

0.057 

Groundcrew 

Comparison 

560 

15  (2.7) 

<b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjp|fe|;Rel4tiive  Risk  |  >' 

Occupational  Category 

All 

0.49  (0.25,0.96) 

0.028 

Officer 

0.46  (0.18,1.17) 

0.103 

Enlisted  Flyer 

3.47  (0.36,33.8) 

0.284 

Enlisted  Groundcrew 

0.29  (0.08,1.03) 

0.055 
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Table  13-4.  Analysis  of  Jaundice  (Unspecified)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

> :  Analysis  Results  for  Log2  (Initial  Dioxin)9  ,  >!; 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  154  0  (0.0) 

Medium  160  1  (0.6) 

High  155  0  (0.0) 

1.03  (0.21,5.02)  0.973 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


n  (95%  CX)9  p- Value 

_ 466 _ 1.01  (0.20,5.08) _  0.995 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  adjusted  only  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  lifetime 
alcohol  history  because  of  the  sparse  number  of  Ranch  Hands  with  jaundice. 


(o)  MODEL  3:  RANC 

II  HANDS  AM 

>  COMPARISONS 

1  BY  DIOXIN  CATEGORY 

m  unadjusted:  >  jjg 

Number  (%) 

"  :-V"  Yes-  V 

(95%C.I.)‘b 

ipawiWH 

Comparison 
Background  RH 

1,182 

370 

34  (2.9) 

11  (3.0) 

1.05(0.52,2.11) 

0.890 

Low  RH 

232 

0  (0.0) 

-- 

0.0 17c 

High  RH 

237 

1  (0.4) 

0.14(0.02,1.04) 

0.055 

Low  plus  High  RH 

469 

1  (0.2) 

- 

0.001° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  unspecified  jaundice. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  unspecified  jaundice. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-4.  Analysis  of  Jaundice  (Unspecified)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category 

•  n  >  a 

(95%C.I.)a 

|S;Xp- Value  r;'i  IlfilSi 

Comparison 

1,181 

Background  RH 

367 

0.99  (0.49,2.03) 

0.988 

Low  RH 

231 

— 

~ 

High  RH 

235 

0.16(0.02,1.20) 

0.075 

Low  plus  High  RH 

466 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  unspecified  jaundice. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


1987  Dioxin  Category  Summary  Statistics 

'  Analysis  Results-for  J  |g| 

/  '  1987  ■  Number  (%) 

Dioxin  n  Yes 

J  a  '  l  “  || 

0.44  (0.28,0.69)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(&XMOPED4:  MbJCjH  HANDS  - 1987  DIOXIN  -  ADJUSTED  g|gg  f| 1 1  g  |  |  jgggl  f 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  .  (95%  C.I.)a  p- Value 

833  0.39(0.24,0.65)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


After  covariate  adjustment,  the  overall  group  difference  remained  significant  (Table  13-4(b): 

Adj.  RR=0.49,  p=0.028).  Stratifying  by  occupation  revealed  a  marginally  significant  difference  between 
Ranch  Hands  and  Comparisons  among  the  enlisted  groundcrew  (Table  13-4(b):  Adj.  RR=0.29,  p=0.055). 

Only  one  Ranch  Hand  had  an  extrapolated  initial  dioxin  value.  The  Model  2  unadjusted  analysis  of 
jaundice  was  not  significant  (Table  13 -4(c):  p=0.973),  nor  was  the  adjusted  analysis  (Table  13-4(d): 
p=0.995). 

The  Model  3  unadjusted  and  adjusted  analyses  of  jaundice  each  revealed  a  marginally  significant 
difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  13-4(e,f): 

Est.  RR=0.14,  p=0.055,  for  the  unadjusted  analysis;  Adj.  RR=0.16,  p=0.075,  for  the  adjusted  analysis). 
The  percentage  of  Ranch  Hands  in  the  high  dioxin  category  with  jaundice  was  0.4  percent  versus  2.9 
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percent  among  the  Comparisons.  There  were  no  Ranch  Hands  in  the  low  dioxin  category.  Unadjusted 
chi-square  tests  of  association  revealed  a  significantly  smaller  percentage  of  Ranch  Hands  in  the  low 
dioxin  category  with  jaundice  than  Comparisons  (Table  13-4(e):  p=0.017).  A  significantly  smaller 
percentage  of  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  also  had  jaundice  than  did 
Comparisons  (Table  13-4(e):  p=0.001). 

The  unadjusted  and  adjusted  Model  4  analyses  revealed  a  significant  relation  between  1987  dioxin  and 
jaundice  (Table  13-4(g,h):  Est.  RR=0.44,  pcO.OOl;  Adj.  RR=0.39,  p<0.001,  respectively).  The 
percentages  of  participants  with  jaundice  in  the  low,  medium,  and  high  1987  dioxin  categories  were  2.8, 
1.1,  and  0.4,  respectively. 

13.2.2.1.3  Acute  Necrosis  of  the  Liver 

Only  one  participant  had  an  acute  necrosis  of  the  liver.  The  participant  was  a  non-Black,  Comparison 
officer.  Further  statistical  analysis  was  not  performed. 

13.2.2. 1.4  Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 

All  unadjusted  and  adjusted  analyses  of  alcohol-related  chronic  liver  disease  and  cirrhosis  were 
nonsignificant  (Table  13-5(a-h):  p>0.22  for  all  analyses). 


Table  13-5.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


■'  •••  .  j  jll;  ;> 

Number  (%) 

Yes 

1  EsL  Reiati ve  Ris£  !  i| 
(95%  C.I.) 

p- Value 

All 

Ranch  Hand 

815 

39  (4.8) 

1.01  (0.67,1.54) 

0.958 

Comparison 

1,183 

56(4.7) 

Officer 

Ranch  Hand 

326 

15  (4.6) 

1.58  (0.75,3.32) 

0.229 

Comparison 

472 

14  (3.0) 

Enlisted  Flyer 

Ranch  Hand 

138 

7  (5.1) 

0.75  (0.29,1.95) 

0.553 

Comparison 

180 

12  (6.7) 

Enlisted 

Ranch  Hand 

351 

17  (4.8) 

0.85  (0.46,1.57) 

0.602 

Groundcrew 

Comparison 

531 

30  (5.6) 

(b)  MODEL  1:  RANCH  HANDS  V.S.  COMPARISONS  -  ADJUSTED 

!!§§!  Occupational  Category  I 

1 1  |Adju$ie^R|l^tiyejRisk  tip 1  1 

All 

0.93  (0.60,1.45) 

0.762 

Officer 

1.50(0.71,3.19) 

0.290 

Enlisted  Flyer 

0.70(0.26,1.88) 

0.474 

Enlisted  Groundcrew 

0.75  (0.39,1.45) 

0.390 
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Table  13-5.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)® 

Initial  Number  (.%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p-  Value 

1.06(0.78,1.45)  0.708 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

Iplltlfifilillllllifliiplif® 

ii  (95%:C.I.)a  p- Value 

ipMlt: 

444 _ 1.06  (0.72,1.57) _ 0.765 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


liiHi'lfffJ 

lilifeliBi 

Number  (%) 

smMmsmm 

■>  Est  Relative  Risk  {  s 

ii  $  IllliiHliiSIp  1111 

Comparison 

1,147 

54  (4.7) 

Background  RH 

361 

16  (4.4) 

0.97  (0.55,1.73) 

0.924 

Low  RH 

226 

11  (4.9) 

1.02  (0.53,1.99) 

0.946 

High  RH 

221 

12  (5.4) 

1.12(0.59,2.14) 

Low  plus  High  RH 

447 

23  (5.1) 

1.07  (0.65,1.77) 

0.788 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-5.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 
(Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

n 

Adjusted  Relative  Risk  4  If  *  ?  • 
(95%  C.I.)a 

p- Value 

Comparison 

1,146 

Background  RH 

358 

1.03  (0.56,1.90) 

0.914 

Low  RH 

225 

0.95  (0.48,1.91) 

0.894 

High  RH 

219 

0.88(0.43,1.81) 

0.734 

Low  plus  High  RH 

444 

0.92  (0.54,1.57) 

0.755 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


fg)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

1  »  Analysis  Results  for  Log2  (1987  Dioxin + : 

1987  Number  (%) 

Dioxin  n  Yes 

•  ■  -  •  •  ••  .  •  ’ 

Estimated  Relative  Risk 

(95%CX)a  p- Value 

BBffl  I  ,  :  I 

1.10(0.89,1.37)  0.368 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h) MODJEljL^MANCHH^NpS- 1987 DIOXIN -ADJUSTED  ;  ;  g§ I® 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 


(95%  c.i.)a  v 

802 

1.09  (0.84,1.41) 

0.506 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

13.2.2. 1.5  Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

All  results  from  analysis  of  non-alcohol-related  chronic  liver  disease  and  cirrhosis  were  nonsignificant 
(Table  13-6(a-h):  p>0.21  for  all  analyses). 


Table  13-6.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

(a)  MODEL  1: 

RANCH  HANDS  VS,  COMPARISONS  -  UNADJUSTED 

Occupational 

-  lv.'? 

Number  (%)  1 

;  v  Ves;;.; 

EsL  Relative  Risk  M 

p- Value 

All 

Ranch  Hand 

870 

14(1.6) 

1.44(0.68,3.04) 

0.336 

Comparison 

1,250 

14(1.1) 

Officer 

Ranch  Hand 

341 

5  (1.5) 

2.43  (0.58,10,18) 

0.226 

Comparison 

493 

3  (0.6) 

Enlisted  Flyer 

Ranch  Hand 

151 

2(1.3) 

0.82  (0.14,4.99) 

0.832 

Comparison 

187 

3  (1.6) 

Enlisted 

Ranch  Hand 

378 

7  (1.9) 

1.33  (0.48,3.69) 

0.589 

Groundcrew 

Comparison 

570 

8(1.4) 

(b)  MODEL  I: 

RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 

imRif! 

:;;i  'f  Adjusted  Relati  ve  Risk 

«||*||1|1 

(95%  C.I.) 

flflfl .  ^ll;l:SSItSp*Vaiue  |j||i|i!|||i|| 

All 

1.43  (0.68,3.03) 

0.348 

Officer 

2.47  (0.58,10.52) 

0.219 

Enlisted  Flyer 

0.77  (0.13,4.71) 

0.777 

Enlisted  Groundcrew 

1.32  (0.47,3.69) 

0.598 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

:  •' :  •  :  '  ;  v  .  .  •  -  •  *  :  v  -  v-  *  ■  -  '•  /  .  '  '  '  ■'  : .  . .  y 

Initial  Dioxin  Category  Summary  Statistics 

■_  Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

E  SHH| 

1.02  (0.61,1.70)  0.949 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

_ 479 _ 1.04(0.61,1.76) _  0.897 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  history  of  non-alcohol- 
related  chronic  liver  disease  and  cirrhosis. 
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Table  13-6.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 
(Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY 

DIOXIN  CATEGORY 

-UNADJUSTED 

;  Number  (%)  K 

EsL  Relative  Risk 

'  :  .  ;  ’  v  r 

(95%  C;I.)ab 

p-Value 

Comparison 

1,212 

14  (1.2) 

Background  RH 

381 

6(1.6) 

1.64  (0.62,4.34) 

0.321 

Low  RH 

239 

3  (1.3) 

1.01  (0.29,3.58) 

0.986 

High  RH 

243 

5  (2.1) 

1.52  (0.53,4.32) 

0.433 

Low  plus  High  RH 

482 

8  (1.7) 

1.24  (0.50,3.06) 

0.639 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

■^ADJUSTED;  1 1 1 1 1| 

Adjusted  Relative  'Risk I  Stllllllfl 

Dioxin  Category 

n  /. 

.  (95%  C.I.)“ 

Comparison 

1,211 

Background  RH 

378 

1.89  (0.68,5.25) 

0.223 

Low  RH 

238 

1.15(0.32,4.12) 

0.829 

High  RH 

241 

1.37  (0.47,4.00) 

Low  plus  High  RH 

479 

1.26  (0.51,3.12) 

0.625 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  198J  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statisticsr 

Log2 (1987 Dio^mJ- | \ | 

ffj'fl987  iflj 

!i  Estimated -Relative  Risk  f  ©  S  1 S  *  1  lf§  1 | 

ifS®! n  ‘  if, r 

Yes  ■ 

§t§|||§|^ 

Low 

288 

1.05(0.73,1.49)  0.803 

Medium 

287 

High 

288 

HHExelnH 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-6.  Analysis  of  Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 
(Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  :  (95%  C.I,)a 

Ill  p-^aiiie '  ;||p 

857  1.02(0.68,1.54) 

0.920 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

13.2.2.1.6  Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

A  sparse  number  of  abnormalities  restricted  the  analysis  of  liver  abscess  and  sequelae  of  chronic  liver 
disease.  One  non-Black,  Ranch  Hand  enlisted  groundcrew  and  one  non-Black,  Comparison  officer  were 
noted  to  have  a  liver  abscess  and  sequelae  of  chronic  liver  disease.  No  significant  relations  with  dioxin 
were  noted  in  any  of  the  Models  1  through  4  analyses  (Table  13-7(a-h):  p>0.16  for  all  analyses 
performed). 


Table  13-7.  Analysis  of  Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 


|  {a)  .MGpEE.i;: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

illiiiiMilii  HI 

^-;';'-;;Nuihbef(%) 

fYes/t . 

Est.  Relative  Risk 

(95%  C.I.)  :|lg  p- Value 

All 

Ranch  Hand 

870 

1  (0.1) 

1.44(0.09,23.03)  0.798 

Comparison 

1,251 

1  (0.1) 

Officer 

Ranch  Hand 

341 

0  (0.0) 

0.999a 

Comparison 

494 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

__ 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

378 

1  (0.3) 

0.836a 

Groundcrew 

Comparison 

570 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  history  of 

a  liver  abscess  and  sequelae  of  chronic  liver  disease. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  liver  abscess  and  sequelae  of  chronic 

liver  disease. 

S#!?!  li  ^  iff f  S  ^  rN 

AdjuSted  Relati ve  Risk  ’  • 

Occupational  Category  ^ 

M&BMKuKmm 

All 

1.45  ( 0.09,23.24 ) 

0.795 

Officer 

__ 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

~ 

— 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  liver  abscess  and  sequelae  of  chronic 

liver  disease. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  participants  with  a  liver 
abscess  and  sequelae  of  chronic  liver  disease. 
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Table  13-7.  Analysis  of  Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)a 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  160  0  (0.0) 

Medium  162  0(0.0) 

High  160  1  (0.6) 

1.99  (0.64,6.25)  0.277 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

I  f|  ||1  3§W  HI 

Analysis  Results  for  Logi  (Initial  Dioxin) 
Adjusted  Relative  Risk 

■  n 

(95%  CX) 

/Si;'  1  p-Yalue  lI;:I 

479 

2.09  (0.61,7.19) 

0.277 

Note:  Results  are  adjusted  only  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin,  age,  and 
lifetime  alcohol  history  because  of  the  sparse  number  of  Ranch  Hands  with  a  liver  abscess  and  sequelae  of  chronic 
liver  disease. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

SliiKiliiMlilll 

n  ' '  v  If 

111  pOT  1 

§i®>  ::  ilM1! 

list.  Relative  Risk 
(95%  C.!.)1"’  : 

p-Value 

Comparison 

1,213 

1  (0.1) 

Background  RH 

381 

— 

0.999c 

Low  RH 

239 

— 

0.999° 

High  RH 

243 

1  (0.4) 

5.44  (0.33,89.44) 

0.236 

Low  plus  High  RH 

482 

- 

0.999° 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  liver  abscess  and  sequelae  of  chronic  liver  disease. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  liver  abscess  and  sequelae  of  chronic 
liver  disease. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


13-30 


Table  13-7.  Analysis  of  Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 
(Continued) 


®  MODEL;  3:f  JU^CtiilANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n 

S  i  Adjusted  Relative  Risk 
•  (95  %  C.I.) 

p-Value 

Comparison 

1,212 

Background  RH 

378 

__ 

_ 

Low  RH 

238 

— 

_ 

High  RH 

241 

7.76  (0.38,158.28) 

0.183 

Low  plus  High  RH 

479 

— 

— 

— :  Analyses  not  performed  because  of  the  sparse  number  of  Ranch  Hands  with  a  liver  abscess  and  sequelae  of 
chronic  liver  disease. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  a  liver 
abscess  and  sequelae  of  chronic  liver  disease. 


(g)MODEl,  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

yi-  a  t  * 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

Low  288  0  (0.0) 

Medium  287  0  (0.0) 

High  288  1  (0.3) 

2.30(0.71,7.43)  0.162 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


RANCD  ttANDS  - 1987  DIO&$i  -  ADJUSTED  1 1  !Jjj§§§  ^|J|:  p||  1| '  S^|  ‘  M 

857  2.05  (0.68,6.15) 

0.212 

Note:  Results  are  adjusted  only  for  age  and  lifetime  alcohol  history  because  of  the  sparse  number  of  Ranch  Hands 
with  a  liver  abscess  and  sequelae  of  chronic  liver  disease. 


13.2.2. 1. 7  Enlarged  Liver  ( Hepatomegaly ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  the  prevalence  of  enlarged  liver  revealed  no  group 
differences  when  combining  all  occupations  (Table  13-8(a,b):  p>0.33  for  each  analysis).  After 
stratifying  by  occupation,  a  marginally  significant  difference  was  seen  between  Ranch  Hand  and 
Comparison  enlisted  groundcrew  (Table  13-8(a,b):  Est.  RR=0.30,  p=0.056;  Adj.  RR=0.29,  p=0.057, 
respectively).  Among  the  enlisted  groundcrew,  0.8  percent  of  the  Ranch  Hands  had  an  enlarged  liver 
versus  2.6  percent  of  the  Comparisons.  No  significant  results  were  seen  in  the  Model  2,  Model  3,  or 
Model  4  analyses  (Table  13-8(c-h):  p>0.15  for  all  analyses). 
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Table  13-8.  Analysis  of  Enlarged  Liver  (Hepatomegaly) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

A':  ,  '•it  ;  - 

Number  (%) 

Yes 

:Jfrl  1  ;Est  Relative  Risk  I|§if 

liillSBiflilillSill 

1  llli;  p-Value 

All 

Ranch  Hand 

869 

14  (1.6) 

0.74(0.39,1.42) 

0.361 

Comparison 

1,249 

27(2.2) 

Officer 

Ranch  Hand 

341 

5(1.5) 

0.80  (0.27,2.40) 

0.689 

Comparison 

492 

9(1.8) 

Enlisted  Flyer 

Ranch  Hand 

151 

6  (4.0) 

2.54  (0.62,10.32) 

0.193 

Comparison 

187 

3(1.6) 

Enlisted 

Ranch  Hand 

377 

3  (0.8) 

0.30  (0.09,1.03) 

0.056 

Groundcrew 

Comparison 

570 

15  (2.6) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

(95%  C.I.)  '  ' 

N  jjifjf  p-Value  8H|| 

All 

0.73  (0.38,1.41) 

0.339 

Officer 

0.78  (0.26,2.36) 

0.662 

Enlisted  Flyer 

2.53  (0.62,10.38) 

0.198 

Enlisted  Groundcrew 

0.29  (0.08,1.03) 

0.057 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

: ;  :n^tiAn^ysis^Resiilts;fdr 

;Numb 

Dioxin  n  Yes 

¥$  '  Estimated  ReI^tiye?Risk-;-:l>!'  iS ftf 
-  -  <9S<*  CA.b  J  p-Value 

Kiilf 

M  •  ’-M  vs 

0.96  (0.56,1.65)  0.880 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

"RANCH  HANDS  f  AD JUJSTED  g||v|| 

fej 

(95%  C.L)a 

KISi^wiaiKINIlS! 

478 

0.91  (0.46,1.80) 

0.790 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  history  of  an  enlarged 
liver. 
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Table  13-8.  Analysis  of  Enlarged  Liver  (Hepatomegaly)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  {%)  Est  Relative  Risk 

;  *  Dioxin  Category:  |||§  v 

n 

Yes  \  (95%  C.I.)ab  ^ 

p-Value 

Comparison 

1,211 

26  (2.1) 

Background  RH 

381 

6(1.6)  0.75(0.31,1.86) 

0.540 

Low  RH 

239 

2(0.8)  0.38(0.09,1.62) 

High  RH 

242 

6(2.5)  1.12(0.46,2.78) 

Low  plus  High  RH 

481 

8(1.7)  0.66(0.27,1.61) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED'  Ifmi 

Adjusted  Relative  Risk 

(95%C.I.)a 

p-Value 

Comparison 

1,210 

Background  RH 

378 

0.80  (0.32,2.01) 

0.630 

Low  RH 

238 

0.35  (0.08,1.51) 

0.159 

High  RH 

240 

1.09  (0.42,2.79) 

0.864 

Low  plus  High  RH 

478 

0.62(0.25,1.54) 

0.302 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

;  !>,  >  !  1987  *<  ? '  ’  |  f  •  ^dmberf(^)  '  -  £ 

Dioxin  n  Yes 

0.94(0.65,1.35)  0.731 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-8.  Analysis  of  Enlarged  Liver  (Hepatomegaly)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

n  (95%  C.I.)fl 

p- Value 

856  0.93  (0.60,1.46) 

0.753 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

13.2.2.1.8  Other  Liver  Disorders 

Both  the  unadjusted  and  adjusted  Model  1  analyses  revealed  marginally  significant  differences  between 
Ranch  Hands  and  Comparisons  over  all  occupations  (Table  13-9(a,b):  Est.  RR=1.20,  p=0.067; 

Adj.  RR=1.19,  p=0.090,  respectively).  The  percentage  of  Ranch  Hands  with  other  liver  disorders  was 

28.8  versus  25.2  for  Comparisons.  Stratifying  by  occupation  revealed  a  marginally  significant  difference 
between  Ranch  Hands  and  Comparisons  within  the  enlisted  groundcrew  stratum  for  both  the  unadjusted 
and  adjusted  analyses  (Table  13~9(a,b):  Est.  RR=1.32,  p=0.062;  Adj.  RR=1.31,  p=0.073,  respectively). 

Of  the  enlisted  groundcrew  Ranch  Hands,  30.8  percent  had  other  liver  disorders  versus  25.2  percent  of  the 
Comparisons. 


Table  13-9.  Analysis  of  Other  Liver  Disorders 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


n  -  \ : 

;  fNumber  (;%)  . 

■  Est/Relati  veRisk  £ 
(95%  CM.) 

All 

Ranch  Hand 

866 

249  (28.8) 

1.20(0.99,1.46) 

0.067 

Comparison 

1,240 

312  (25.2) 

Officer 

Ranch  Hand 

338 

93  (27.5) 

1.15(0.84,1.57) 

0.399 

Comparison 

486 

121  (24.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

40  (26.5) 

1.04  (0.64,1.70) 

0.864 

Comparison 

187 

48  (25.7) 

Enlisted 

Ranch  Hand 

377 

116(30.8) 

1.32  (0.99,1.76) 

0.062 

Groundcrew 

Comparison 

567 

143  (25.2) 

<b>MODEL  ij  ranch 

Adjusted  Relative  Risk 


All 

1.19  (0.97,1.45) 

0.090 

Officer 

1.15(0.83,1.57) 

0.400 

Enlisted  Flyer 

0.98  (0.60,1.61) 

0.933 

Enlisted  Groundcrew 

1.31  (0.98,1.75) 

0.073 
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Table  13-9.  Analysis  of  Other  Liver  Disorders  (Continued) 


(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)0 

Initial  Number  (%) 

Dioxin  n  Yes 

|!  Estimated  Relative  Risk 

(95%C.I.)b  p-Value 

Low  159  39(24.5) 

Medium  162  53  (32.7) 

High  160  55  (34.4) 

1.12(0.97,1.30)  0.119 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 


•  [n  ■  I  .. 

Adjusted  Relative  Risk 
:  (95%CX)a 

;^L;;Llli§W48^^”P-yalue: 

478 

1.23(1.03,1.47) 

0.022 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

■'  vL-'  '  ■  .  '  ' 

Number  (%) 

Est  Relative  Risk 

1  i|  Dioxin  (Category 

11®^  n  ■ 

Yes 

(95%  C.I.)ab 

ijillipiilii 

Comparison 

1,202 

299  (24.9) 

Background  RH 

378 

99  (26.2) 

1.15(0.88,1.50) 

0.318 

Low  RH 

238 

64  (26.9) 

1.09  (0.80,1.50) 

0.578 

High  RH 

243 

83  (34.2) 

1.49(1.10,2.00) 

0.009 

Low  plus  High  RH 

481 

147  (30.6) 

1.28(1.01,1.62) 

0.042 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

,2..U. . ...'£.-6  ,  x  ^ sfc  r-  ^  x-  y  >  i 

-  Adjusted  $  $'!  y;j 

mm 

Comparison 

Background  RH 

1,201 

375 

1.13(0.86,1.49) 

0.371 

Low  RH 

237 

1.05  (0.76,1.45) 

0.757 

High  RH 

241 

1.52(1.11,2.08) 

0.009 

Low  plus  High  RH 

478 

1.27(1.00,1.62) 

0.055 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-9.  Analysis  of  Other  Liver  Disorders  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

!f||  S  j  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  .liljifl 

1987  Number  (%) 

Dioxin  n  Yes 

p-: Estimated  Relative  Risk'  . s - -V: :!1 
(95%  C.I.)a  p- Value 

Low  286  73  (25.5) 

Medium  285  76  (26.7) 

High  288  97  (33.7) 

1.10(1.00,1.22)  0.055 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <  7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

Adjusted  Relative  Risk 

ft  ■!  :  ■  (95%  C.I.)a  p-Value 

~~  853  1.11  (0.99, 1.25)  0.077 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  did  not  reveal  a  significant  association  between  initial  dioxin  and  other 
liver  disorders  (Table  13-9(c):  p=0.119).  After  adjusting  for  covariates,  the  results  became  significant 
(Table  13-9(d):  Adj.  RR=1.23,  p=0.022).  The  percentages  of  other  liver  disorders  in  the  low,  medium, 
and  high  initial  dioxin  categories  were  24.5,  32.7,  and  34.4,  respectively. 

The  unadjusted  Model  3  analysis  of  other  liver  disorders  revealed  significant  differences  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons,  as  well  as  between  Ranch  Hands  in  the  low  and  high 
dioxin  categories  combined  and  Comparisons  (Table  13-9(e):  Est.  RR=1.49,  p=0.009;  Est.  RR=1.28, 
p=0.042,  respectively).  The  same  contrasts  were  significant  after  adjusting  for  covariates  (Table  13-9(f): 
Adj.  RR=1.52,  p=0.009,  for  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons;  Adj.  RR=1.27, 
p=0.055,  for  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  versus  Comparisons).  The 
percentages  of  other  liver  disorders  among  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the 
low  and  high  dioxin  categories  combined,  and  Comparisons  were  34.2,  30.6,  and  24.9,  respectively. 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  marginally  significant  positive  associations 
between  1987  dioxin  and  other  liver  disorders  (Table  13-9(g,h):  Est.  RR=1.10,  p=0.055;  Adj.  RR=1.1 1, 
p=0.077,  respectively).  The  percentages  of  other  liver  disorders  in  the  low,  medium,  and  high  1987 
dioxin  categories  were  25.5,  26.7,  and  33.7,  respectively. 

1 3 . 2. 2. 2  Physical  Examination  Variables 

13.2.2.2.1  Current  Hepatomegaly 

All  unadjusted  and  adjusted  analyses  of  current  hepatomegaly,  as  assessed  by  a  physician  at  the  1997 
physical  examination,  were  nonsignificant  for  Models  1  through  4  (Table  13-10:  p>0.10  for  each 
analysis). 
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Table  13-10.  Analysis  of  Current  Hepatomegaly 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

iiiiiiiiia 

Number  {%) 

liiilliiigii 

Esh  Relative  Risk  1 

IlllliliiSSlfflililil: 

p- Value 

All 

Ranch  Hand 

860 

10  (1.2) 

206(0.78,5.43 ) 

0.141 

Comparison 

1,231 

7(0.6) 

Officer 

Ranch  Hand 

340 

4(1.2) 

2.90  (0.53,15.95) 

0.220 

Comparison 

490 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

150 

2(1.3) 

— 

0.389a 

Comparison 

185 

0  (0.0) 

Enlisted 

Ranch  Hand 

370 

4(1.1) 

1.20  (0.32,4.51) 

0.783 

Groundcrew 

Comparison 

556 

5  (0.9) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  current  hepatomegaly. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

Adjusted  Relative  Risk 

(95%  CX)8  |  : 

!’  |  infill; 

All 

2.13(0.80,5.67) 

0.127 

Officer 

3.17(0.57,17.56) 

0.187 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

1.18(0.31,4.51) 

0.805 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -UNADJUSTED 

Jf§| 1  Analysis  Results  for  Logj  (InitialDioxin)8  £ 

Initial  Number  (%) 

|  jj  g  Dioxin  5  j|  &  &  n.  |  I  |  §  |jj| 

‘  ?  ys‘ n " 

■  (9S.%  e.I.)b  '  p- Value 

0.69(0.36,1.31)  0.223 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 
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Table  13-10.  Analysis  of  Current  Hepatomegaly  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


|lj||W^lC^tegdry  fijlf 

■;  Number  (%) 

iillllWlIliil 

%  Est.  Relative  Risk  f  * 

|gf  (95^J^,:I>^|| 

p- Value 

Comparison 

1,194 

7(0.6) 

Background  RH 

376 

3  (0.8) 

1.53  (0.39,5.99) 

0.543 

Low  RH 

236 

3(1.3) 

2.10(0.54,8.23) 

0.284 

High  RH 

241 

4(1.7) 

2.58  (0.74,8.97) 

0.136 

Low  plus  High  RH 

477 

7(1.5) 

2.33  (0.80,6.76) 

0.119 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3 :  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  |il|3|S 

Adjusted  Relative  Risk 

1  Dioxui  Category  *  'Kl;  | 

(95%  C.I.)a 

Comparison 

1,193 

Background  RH 

374 

1.64  (0.40,6.69) 

0.489 

Low  RH 

235 

2.26  (0.57,9.01) 

0.247 

High  RH 

239 

2.62  (0.70,9.84) 

0.154 

Low  plus  High  RH 

474 

2.44  (0.82,7.24) 

0.109 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


j  |  \  |  1987  Dioxin  Category  Summary  Statistics  „ 

fell  litl  Analysis  Results  for  Log2  (1987  Dioxin  +  -i  1: 

8  Estimated  Relative  Risk  1 

ggljj ,  Dioxin  1; 

lYes  " 

(95%  C.I.)a  f 

Low 

283 

mmmrnm 

1.04(0.69,1.58) 

0.853 

Medium 

285 

High 

285 

HnEni 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-10.  Analysis  of  Current  Hepatomegaly  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 


Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

848 

1.05  (0.64,1.74) 

0.838 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  current  hepatomegaly. 


13.2.2.3  Laboratory  Examination  Variables 
13.2.2.3.1  AST  (Continuous) 

Model  1  showed  no  significant  difference  in  mean  AST  levels  between  Ranch  Hands  and  Comparisons  in 
either  the  unadjusted  or  adjusted  analysis  (Table  13-1  l(a,b):  p>0.44  for  all  contrasts).  The  unadjusted 
and  adjusted  analyses  for  Model  2  did  not  reveal  any  significant  relations  between  initial  dioxin  and  AST 
levels  (Table  13-1 1(c,d)-  p>0.49  in  both  analyses). 


Table  13-11.  Analysis  of  AST  (U/l)  (Continuous) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

H§  Occupational 

Difference  of  Means 
(9S%C.I;)’’  ; 

liiiiiliiii  i; s 

All 

Ranch  Hand 

859 

23.01 

0.13  - 

0.705 

Comparison 

1,231 

22.88 

Officer 

Ranch  Hand 

340 

23.40 

0.06  - 

0.914 

Comparison 

490 

23.34 

Enlisted  Flyer 

Ranch  Hand 

150 

22.17 

-0.32  - 

0.696 

Comparison 

185 

22.48 

Enlisted 

Ranch  Hand 

369 

22.99 

0.39  - 

0.447 

Groundcrew 

Comparison 

556 

22.60 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-11.  Analysis  of  AST  (U/l)  (Continuous)  (Continued) 


(b>  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

lisiiisiiiiii! $  * 

Group 

Adj.  Mean®  I 

v  Difference  of  Adj,  Means 
:  (95%  CX)fa 

p-Valuec 

All 

Ranch  Hand 

854 

23.36 

0.18 - 

0.597 

Comparison 

1,229 

23.17 

Officer 

Ranch  Hand 

340 

23.88 

0.08  - 

0.885 

Comparison 

489 

23.80 

Enlisted  Flyer 

Ranch  Hand 

148 

22.79 

-0.09  - 

0.916 

Comparison 

184 

22.87 

Enlisted  Groundcrew 

Ranch  Hand 

366 

23.32 

0.37  - 

0.470 

Comparison 

556 

22.95 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 


c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

(c)  M()DEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  3Log2  (Imtiaipioxin)b  ;V$  ' 

Initial  Dioxin  n  Mean®  Adj.  Meanab 

Slope 

R2  (Std.  Error)c  p-Value 

Low  158  23.39  23.50 

Medium  159  23.71  23.72 

High  159  23.43  23.32 

0.011  0.003(0.012)  0.813 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(tl)  MODEL  2:  RANCH  HANDS -INITIAL DIOXIN —ADJUSTED 

1 1  H J  Initial  DioxinCategory  Summary  Statistics  >  Jf| 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean® 

R2  (Std.  Error)6  p-Value 

Low  158  24.76 

Medium  158  25.53 

High  157  24.99 

0.057  0.010  (0.014)  0.493 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-11.  Analysis  of  AST  (U/l)  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

Mean8 

Adj.  Meanab 

Difference  of  Adj.  Mean 

Ip  vs.  Comparisons 

1111  IlillliiJiH!  t!Hl§ 

p-Valuel 

Comparison 

1,194 

2Z85 

22.84 

Background  RH 

376 

22.34 

22.54 

-0.30  - 

0.501 

Low  RH 

236 

23.45 

23.39 

0.55  - 

0.306 

High  RH 

240 

23.56 

23.36 

0.52  - 

0.334 

Low  plus  High  RH 

476 

23.51 

23.37 

0.53  - 

0.193 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


n  ’ 

iBipfii'lli 

Adj.  Mean8  . 

t  Difference  ofAdj.  Mean  $: 
ill  I  vs.  Comparisons  #i§lt 
(95%  C.l.)b 

p- Value* 

Comparison 

1,193 

23.23 

Background  RH 

374 

22.76 

-0.47  - 

0.305 

Low  RH 

235 

23.93 

0.207 

High  RH 

238 

24.17 

0.94  - 

0.100 

Low  plus  High  RH 

473 

24.05 

0.82  - 

0.055 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

. 

fU  19SJ  Dioxin  |S|i|gi  |  n  fgtjjj  Bills  Mean* 

Rz  .  (Std.  Error)b  p-Value 

Low  283  22.29 

Medium  285  23.30 

High  284  23.38 

0.005  0.017  (0.008)  0.033 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-11.  Analysis  of  AST  (U/l)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXLN- ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

1987 

Dioxin  n  Adj.  Mean* 

Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  283  22.72 

Medium  283  24.06 

High  281  24.66 

0.036  0.028  (0.009)  0.002 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  Iog2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  Model  3  unadjusted  analysis  of  AST  showed  no  significant  difference  between  any  of  the  Ranch 
Hand  categories  and  the  Comparison  group  (Table  13-1 1(e):  p>0.19  for  all  contrasts).  After  covariate 
adjustment,  a  marginally  significant  difference  between  the  mean  AST  of  Ranch  Hands  in  the  high  dioxin 
category  and  the  Comparison  mean  was  revealed  (Table  13-1 1(0:  difference  of  adjusted  means=0.94  U/l, 
p-0.100).  The  adjusted  mean  levels  of  AST  for  Ranch  Hands  in  the  high  dioxin  category  and  the 
Comparison  group  were  24.17  U/l  and  23.23  U/l,  respectively.  A  marginally  significant  difference 
between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and  the  Comparisons  also  was 
seen  after  covariate  adjustment  (Table  13-11(0:  difference  of  adjusted  means=0.82  U/l;  p=0.055).  The 
adjusted  mean  levels  of  AST  for  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and  the 
Comparison  group  were  24.05  U/l  and  23.23  U/l,  respectively. 

In  Model  4,  the  unadjusted  analysis  found  a  significant  positive  association  between  AST  in  its 
continuous  form  and  1987  dioxin  levels  (Table  13-1 1(g):  slope=0.017,  p=0.033).  The  adjusted  Model  4 
analysis  revealed  a  significant  association  between  AST  levels  and  1987  dioxin  levels  (Table  13-1 1(h): 
adjusted  slope=0.028,  p=0.002).  The  adjusted  mean  AST  levels  in  the  low,  medium,  and  high  1987 
dioxin  categories  were  22.72  U/l,  24.06  U/l,  and  24.66  U/l,  respectively. 

13.2.2.3.2  AST  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  show  a  significant  group  difference  in  the 
percentage  of  individuals  with  high  AST  levels  (Table  13-12(a,b):  p>0.25  for  all  contrasts). 


Table  13-12.  Analysis  of  AST  (Discrete) 


(a)  MODEL  1 : .  RAN CH  H^NpS  -  UNADJUSTED 


It Occupational 

Groups  1 1 1 

K  fet  Reiative  Risk  |  fl.il 

All 

Ranch  Hand 

859 

63  (7.3) 

1.11  (0.79,1.56) 

0.552 

Comparison 

1,231 

82  (6.7) 

Officer 

Ranch  Hand 

340 

24(7.1) 

1.09  (0.63,1.88) 

0.765 

Comparison 

490 

32  (6.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

10  (6.7) 

0.75  (0.33,1.72) 

0.501 

Comparison 

185 

16  (8.6) 

Enlisted 

Ranch  Hand 

369 

29  (7.9) 

1.31  (0.78,2.19) 

0.304 

Groundcrew 

Comparison 

556 

34(6.1) 
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Table  13-12.  Analysis  of  AST  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CX) 

p -Value 

All 

L14  (0.81,1.61) 

0.448 

Officer 

1.09  (0.63,1.89) 

0.763 

Enlisted  Flyer 

0.84  (0.36,1.92) 

0.671 

Enlisted  Groundcrew 

1.35  (0.81,2.28) 

0.252 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

j§§  Analysis  Results  for  Log2  (Initial  Dioxin)3  1 1 1 

Initial  Number  (%) 

Dioxin  n  High 

\  Estimated  Relative  Risk  litil  jllS|l  fp|l  |  % 
I'JS'.i  C.I.l1'  p- Value 

Low  158  11  (7.0)  • 

Medium  159  20  (12.6) 

High  159  14  (8.8) 

1.08(0.86,1.36)  0.498 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

_ £73 _ 1.13(0.86,1.50) _  0,380 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est.  Relative  Risk 

Dioxin  Category  n  High  (95%  CI.)ab  p-Value 


Comparison 

1,194 

79  (6.6) 

Background  RH 

376 

17  (4.5) 

0.72  (0.42,1.24) 

0.241 

Low  RH 

236 

19  (8.1) 

1.21  (0.72,2.04) 

0.476 

High  RH 

240 

26  (10.8) 

1.60(1.00,2.56) 

0.051 

Low  plus  High  RH 

476 

45  (9.5) 

1.39  (0.95,2.05) 

0.094 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-12.  Analysis  of  AST  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Dioxin  Category 

n 

Adjusted  Relative  Risk  ? ;  ; 1 

(95%  C.I.)a 

p-Value 

Comparison 

1,193 

Background  RH 

374 

0.70  (0.40,1.22) 

0.212 

Low  RH 

235 

1.28  (0.75,2.18) 

High  RH 

238 

1.79(1.08,2.96) 

Low  plus  High  RH 

473 

1.51  (1.02,2.26) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -  1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

l|j§  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  |  ;|j  |j |jj|  jj 

1987  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  283  1 1  (3.9) 

Medium  283  23(8.1) 

High  284  28  (9.9) 

1.26(1.06,1.48)  0.008 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

■  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  -• 

Adj  usted  Relative  Risk 

•  n  '  (95%  C.I.)8  •  ■  '  >  i 

• ;  a  V-.  t 

847  1.38  (1.12,1.71) 

0.002 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


In  Model  2,  neither  the  unadjusted  nor  adjusted  analyses  showed  significant  associations  between  AST 
and  initial  dioxin  (Table  13-12(c,d):  p>0.38  for  both  analyses). 

The  unadjusted  Model  3  analysis  of  AST  in  its  discrete  form  revealed  two  marginally  significant 
contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and 
high  dioxin  categories  combined  versus  Comparisons  (Table  13- 12(e):  Est.  RR=1.60,  p=0.051; 

Est.  RR=1.39,  p=0.094,  respectively).  Similarly,  the  adjusted  analysis  showed  a  significant  difference 
between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  13- 12(f):  Adj.  RR=1.79, 
p=0.024),  as  well  as  between  the  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and 
Comparisons  (Adj.  RR=1.51,  p=0.041).  The  percentages  of  individuals  with  high  levels  of  AST  among 
the  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined,  and  Comparisons  were  10.8,  9.5,  and  6.6,  respectively. 
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The  unadjusted  analysis  for  Model  4  showed  a  significant  association  between  AST  in  its  discrete  form 
and  1987  dioxin  (Table  13-12(g):  Est.  RR=1.26,  p=0.008).  Similarly,  the  adjusted  analysis  revealed 
significant  results  (Adj.  RR=1.38,  p=0.002).  The  percentages  of  participants  with  high  AST  levels  in  the 
low,  medium,  and  high  1987  dioxin  categories  were  3.9,  8.1,  and  9.9,  respectively. 

13.2.2,3.3  ALT  (Continuous) 

All  Model  1  and  2  analyses  of  ALT  in  its  continuous  form  showed  nonsignificant  results  (Table  13-13(a-d): 
p>0.19  for  each  analysis). 


Table  13-13.  Analysis  of  ALT  (U/l)  (Continuous) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

lillliMPIIl 

aiiililiiil 

n  . 

Mean8 

Difference  of  Means  1 

..  •  iliiBiaiii 

Jj|||iJ  p?  Value0  |||: 

All 

Ranch  Hand 

859 

42.58 

0.13  - 

0.803 

Comparison 

1,231 

42.45 

Officer 

Ranch  Hand 

340 

42.21 

0.42  - 

0.613 

Comparison 

490 

41.79 

Enlisted  Flyer 

Ranch  Hand 

150 

41.21 

-1.38- 

0.290 

Comparison 

185 

42.59 

Enlisted 

Ranch  Hand 

369 

43.50 

0.51  - 

0.537 

Groundcrew 

Comparison 

556 

42.99 

a  Transformed  from  natural  logarithm  scale. 

1  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

iff 

j||||§  Group  -  ■ 

n 

>  |  Adj.  Mean3 

Difference  of  Adj.  Means 
(95%C.I.)b 

k^p-Value0  Ijjf 

All 

Ranch  Hand 

854 

42.29 

0.20  - 

0.707 

Comparison 

1,229 

42.09 

Officer 

Ranch  Hand 

340 

42.75 

0.61  - 

0.460 

Comparison 

489 

42.14 

Enlisted  Flyer 

Ranch  Hand 

148 

41.72 

-1.12- 

0.386 

Comparison 

184 

42.84 

Enlisted 

Ranch  Hand 

366 

41.96 

0.30  - 

0.698 

Groundcrew 

Comparison 

556 

41.66 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-13.  Analysis  of  ALT  (U/l)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  UNADJUSTED 

K if  Category  Summary  Statistics  ‘  i?  t:  If 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Slope 

R2  (Std.  Error)0 

p-Value 

Low 

158 

42.39 

42.65 

0.036  0.013(0.010) 

0.199 

Medium 

159 

44.97 

45.00 

High 

159 

45.02 

44.72 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  ALT  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH|ftANDS  -INITIAL  DIpXIN  -  ADJUSTED 


|  |J  j  1 1|:  Analysis  Results  for  Log2  (Initial  Dioxin)  J|j}:  1  {§  f§|  | 

Adj.  Slope 

R2  (Std.  Error) b  p-Value 

Low  158  44.34 

Medium  158  47.03 

High  157  46.08 

0.094  0.011  (0.012)  0.357 

a  Transformed  from  natural  logarithm  scale. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)pOJDEL^  IL4NCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

.  ■  '■  ■  '  _ _ •  ■  ■  ■  ■  ■■  ■  ■:  ■■■■  ■'  ■  - 


c-1; 

HilitllH 

Adj.  Meanab 

Difference  ofAdj^Vlekn .  ■ 
vs.  Comparisons 

\>  ;t$l  (95% i® 

ijjiSliM 

Comparison 

1,194 

42.41 

42.37 

Background  RH 

376 

40.74 

41.32 

-1.05  - 

Low  RH 

236 

43.32 

43.14 

0.77  - 

High  RH 

240 

44.91 

44.27 

1.90  - 

Low  plus  High  RH 

476 

44.12 

43.71 

1.34  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-13.  Analysis  of  ALT  (U/l)  (Continuous)  (Continued) 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


n 

Difference  of  Adjv  Mean 
;  Comparisons  ;  .lill 

(95%  C.I.)b 

p- Value0 

Comparison 

1,193 

42.21 

Background  RH 

374 

41.31 

-0.90  - 

0.192 

Low  RH 

235 

43.65 

1.44  - 

0.084 

High  RH 

238 

43.62 

1.41  - 

0.098 

Low  plus  High  RH 

473 

43.63 

1.42  - 

0.026 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 


Analysis  Results  for  (1987 ,Dl6xin  +J|  illlttll 

Pi 

.  . .  '  .  ■’  ■■ '  V'  •'  :>v 

Adjusted  Slope 

1987  Dioxin 

■  n  :k;U 

Low 

283 

41.17 

0.023 

0.029  (0.007)  <0.001 

Medium 

285 

41.87 

High 

284 

44.82 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  ALT  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

HI j  a  ,1987  Dioxin  CategorySummary  Statistics |  j|lf 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

l|  |  j  1987  1  jjgjj 

l| 1 1 1  Dioxin  jj  j  gg j|  jj  ji.  ||jg  |g|||  AdjjvMlaii8 §  jjfj 

i  (Std.«Error)b  j  p-Value 

Low  283  40.98 

Medium  283  42.50 

High  281  45.28 

0.079  0.033  (0.007)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  ALT  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  3  analysis  of  ALT  revealed  two  significant  contrasts:  Ranch  Hands  in  the  high 
dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
versus  Comparisons  (Table  13-13(e):  difference  of  means=1.90  U/l,  p=0.027;  difference  of  means=1.34 
U/l,  p=0.041,  respectively). 

After  covariate  adjustment,  the  Model  3  analysis  of  ALT  revealed  marginally  significant  differences 
between  the  adjusted  mean  of  Ranch  Hands  in  the  low  dioxin  category  and  the  Comparison  adjusted  mean 
(Table  13-  13(f):  difference  of  adjusted  means=1.44  U/l,  p=0.084)  and  between  the  adjusted  mean  of 
Ranch  Hands  in  the  high  dioxin  category  and  the  Comparison  adjusted  mean  (difference  of  adjusted 
means=1.41  U/l,  p=0.098).  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  also  were 
significantly  different  from  the  Comparisons  in  the  adjusted  analysis  (difference  of  adjusted  means=1.42 
U/l,  p=0.026).  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  had  higher  mean  ALT  levels 
(43.65  U/l  and  43.62  U/l)  than  did  the  Comparisons  (42.21  U/l). 

The  unadjusted  and  adjusted  analyses  for  Model  4  each  showed  significant  positive  associations  between 
ALT  in  its  continuous  form  and  1987  dioxin  (Table  13-13(g,h):  slope=0.029,  p<0.001,  unadjusted; 
slope=0.033,  pcO.OOl,  adjusted).  The  adjusted  mean  ALT  levels  in  the  low,  medium,  and  high  1987 
dioxin  categories  were  40.98  U/l,  42.50  U/l,  and  45.28  U/l,  respectively. 

13.2.23 A  ALT  (Discrete) 

The  Model  1  analyses  of  ALT  in  its  discrete  form  revealed  no  significant  differences  between  Ranch 
Hands  and  Comparisons  when  examined  across  all  occupations  and  within  each  occupation  (Table 
13-14(a,b):  p>0.13  for  each  contrast). 


Table  13-14.  Analysis  of  ALT  (Discrete) 

ft|NCH  H^NDS  V S^OM^RlSONS.  -  UNADJUSTED 


Occupational 

:  V'  ||  ‘Ca'^bryl® 

mmmmm 

Number  (%) 

High  ■' 

1  Est.  Relative  Risk  ir\ 

mmmm 

All 

Ranch  Hand 

859 

68  (7.9) 

1.13  (0.81,1.57) 

0.468 

Comparison 

1,231 

87  (7.1) 

Officer 

Ranch  Hand 

340 

23  (6.8) 

1.54  (0.85,2.82) 

0.157 

Comparison 

490 

22  (4.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

15  (10.0) 

0.97  (0.48,1.98) 

0.935 

Comparison 

185 

19  (10.3) 

Enlisted 

Ranch  Hand 

369 

30  (8.1) 

0.98  (0.61,1.59) 

0.938 

Groundcrew 

Comparison 

556 

46  (8.3) 

<l»  MODEI*  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

||  f  |  Occupational  Category 

liJillttifHRlIiiSIHilll 

All 

1.12  (0.80,1.57) 

0.495 

Officer 

1.58  (0.86,2.89) 

0.138 

Enlisted  Flyer 

0.97  (0.46,2.01) 

0.927 

Enlisted  Groundcrew 

0.97  (0.60,1.57) 

0.889 
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Table  13-14.  Analysis  of  ALT  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL 

DIOXIN  -  UNADJUSTED 

v|  ‘ ,  ,  5  Initial  Dioxin  Category  Summary  Statis 

Analysis  Results  for  Log2  (Initial  Dioxin)9 

Initial  Number  (%>) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  CX)b  p-Value 

Low  158  10  (6.3) 

Medium  159  21  (13.2) 

High  159  19(11.9) 

1.17(6.95,1.45)  0.140 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED  1 1 gg§  (|§f|  ||  ||  1 1 

'  (initial  X>ioxin>  i’|;  ^  I;  ^1}  ■ :  -  •  3  • '  '  D  t 's  * 1  ^  u  k 

n  (95%  C.I.)a  p- Value 

473  1.32(1.00,1.73)  0,049 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est.  Relative  Risk 


Comparison 

1,194 

85  (7.1) 

Background  RH 

376 

17  (4.5) 

0.67  (0.39,1.15) 

0.145 

Low  RH 

236 

20  (8.5) 

1.18(0.71,1.97) 

0.522 

High  RH 

240 

30  (12.5) 

1.74(1.11,2.71) 

0.015 

Low  plus  High  RH 

476 

50  (10.5) 

1.43  (0.99,2.08) 

0.058 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


®  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^^JD^XED 


H|§J  Dioxin  Category,  §||} 

Il-Ss  '  ft  **.■%•  it  Sk  r'-.'P  '/"J'.V-P 

iiittiaiiiiissi 

^P|Mpii»Risk  V  *  ;  v i 

Comparison 

1,193 

Background  RH 

374 

0.71  (0.41,1.23) 

Low  RH 

235 

1.30(0.77,2.18) 

High  RH 

238 

1.53  (0.95,2.45) 

0.080 

Low  plus  High  RH 

473 

1.41  (0.96,2.07) 

0.079 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-14.  Analysis  of  ALT  (Discrete)  (Continued) 


■(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Number/ %)t  |  > 

Estimated  Relative  Risk 

Dioxin 

|T 

High 

(95%C.I.)a  p-Value 

Low 

283 

15  (5.3) 

1.33(1.13,1.56)  0.001 

Medium 

285 

18  (6.3) 

High 

284 

34  (12.0) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 


I  liif  S 1  l'J§, "  111  I  It  f|  |  §  *  ; 

V  (95%  C.I.)a  : 

8  ■  P-Value ; 

847 

1.48(1.20,1.83) 

<0.001 

Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

The  association  between  initial  dioxin  and  ALT  examined  in  the  unadjusted  Model  2  analysis  revealed 
nonsignificant  results  (Table  13-14(c):  p=0.140).  After  covariate  adjustment,  a  significant  association 
was  revealed  (Table  13-14(d):  Adj.  RR=1.32,  p=0.049).  The  percentages  of  high  ALT  levels  in  the  low, 
medium,  and  high  initial  dioxin  categories  were  6.3,  13.2,  and  1 1.9,  respectively. 

The  unadjusted  Model  3  analysis  of  ALT  in  its  discrete  form  revealed  two  significant  contrasts:  Ranch 
Hands  in  the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and  high  dioxin 
categories  combined  versus  Comparisons  (Table  13-14(e):  Est.  RR=1.74,  p=0.015;  Est.  RR=1.43, 
p=0.058,  respectively).  The  percentages  of  individuals  with  high  ALT  levels  among  Ranch  Hands  in  the 
high  dioxin  category.  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and  Comparisons 
were  12.5,  10.5,  and  7.1,  respectively.  The  same  two  contrasts  were  marginally  significant  after  adjusting 
for  covariates  (Table  13-14(f):  Adj.  RR=1.53,  p=0.080;  Adj.  RR=1.41,  p=0.079). 

The  Model  4  unadjusted  and  adjusted  analyses  each  revealed  a  significant  association  between  1987 
dioxin  and  ALT  in  its  discrete  form  (Table  13-14(g,h):  Est.  RR=1.33,  p=0.001;  Adj.  RR=1.48,  p<0.001). 
The  percentages  of  participants  with  high  ALT  values  in  the  low,  medium,  and  high  1987  dioxin 
categories  were  5.3,  6.3,  and  12.0,  respectively. 

13.2.2.3.5  GGT  (Continuous) 

All  analysis  results  from  Models  1  and  2  of  GGT  were  nonsignificant  (Table  13-15(a-d):  p>0.22  for  each 
analysis).  The  unadjusted  Model  3  analysis  of  GGT  revealed  significant  differences  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons,  as  well  as  between  Ranch  Hands  in  the  low  and  high 
dioxin  categories  combined  and  Comparisons  (Table  13-15(e):  difference  of  means=5.17  U/I,  p=0.003; 
difference  of  means=3.46  U/l,  p=0.007,  respectively).  The  same  contrasts  were  significant  after  adjusting 
for  covariates  (Table  13- 15(f):  difference  of  adjusted  means=5.00  U/l,  p=0.006,  for  Ranch  Hands  in  the 
high  dioxin  category  versus  Comparisons;  difference  of  adjusted  means=3.71  U/l,  p=0.006,  for  Ranch 
Hands  in  the  low  and  high  dioxin  categories  combined  versus  Comparisons).  The  adjusted  mean  GGT 
levels  for  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined,  and  Comparisons  were  50.40  U/l,  49. 1 1  U/l,  and  45.40  U/I,  respectively. 
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A  significant  association  was  revealed  between  GGT  and  1987  dioxin  in  the  Model  4  unadjusted  analysis 
(Table  13-15(g):  slope=0.040,  p=0.002).  Similarly,  the  adjusted  analysis  found  a  significant  association 
between  GGT  levels  and  1987  dioxin  (Table  13-15(h):  adjusted  slope=0.042,  p=0.003).  The  adjusted 
mean  GGT  levels  were  42.89  U/l  for  the  low  dioxin  category,  45.65  U/l  for  the  medium  dioxin  category, 
and  50.85  U/l  for  the  high  dioxin  category. 


Table  13-15.  Analysis  of  GGT  (U/l)  (Continuous) 

RANCH  HANDS  VS,  COMPARISONS  -  UNADJUSTED 

Mean® 

Difference  of  Means  m 
(95  %  CX)b 

jit  |  p4Va!uec  || 

All 

Ranch  Hand 

859 

43.62 

1.01  - 

0.340 

Comparison 

1,231 

42.61 

Officer 

Ranch  Hand 

340 

42.32 

1.57  - 

0.332 

Comparison 

490 

40.74 

Enlisted  Flyer 

Ranch  Hand 

150 

44.45 

-0.84  - 

0.758 

Comparison 

185 

45.29 

Enlisted 

Ranch  Hand 

369 

44.52 

1.09  - 

0.506 

Groundcrew 

Comparison 

556 

43.44 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Difference  of  Adj.  Means  K  l 

Ip  1 1  Category  §||| 

Group 

(95%  CX)b 

All 

Ranch  Hand 

854 

46.80 

1.33 - 

0.223 

Comparison 

1,229 

45.47 

Officer 

Ranch  Hand 

340 

45.24 

1.62  - 

0.331 

Comparison 

489 

43.62 

Enlisted  Flyer 

Ranch  Hand 

148 

48.28 

0.62  - 

0.826 

Comparison 

184 

47.66 

Enlisted 

Ranch  Hand 

366 

46.67 

1.28  - 

0.439 

Groundcrew 

Comparison 

556 

45.39 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-15.  Analysis  of  GGT  (U/l)  (Continuous)  (Continued) 


(e)  MOJDEl  1J  RANCH  HANDS  HDtoAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Slope 

Initial  Dioxin 

Adj.  Meanab 

R2 

(Std.  Error)*  -  p- Value'  jfl 

Low 

158 

43.87 

44.19 

0.013 

0.004  (0.019)  0.823 

Medium 

159 

48.89 

48.92 

High _ 

159 

46.22 

45.86 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  GGT  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

IJI 1  Upl  |  Analysis  Results  for  Lofo  (Initial  Dioxin)  j§  |  || j|  j 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

tlilllfl  R2  Sf:  |  £  (Std.  Error)* ^  J||  p-Value  h 

Low  158  48.46 

Medium  158  52.52 

High  157  50.18 

0.097  0.008  (0.022)  0.709 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  GGT  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEI^^RANtH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY^  UNADJUSTED 


=' n  ■  T 

i  s 

Adj.  Meanab 

vs.  Comparisons 

Comparison 

1,194 

42.26 

42.21 

Background  RH 

376 

39.99 

40.81 

-1.40  - 

0.296 

Low  RH 

236 

44.27 

43.99 

1.78  — 

High  RH 

240 

48.36 

47.38 

5.17- 

Low  plus  High  RH 

476 

46.29 

45.67 

3.46  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  13-15.  Analysis  of  GGT  (U/l)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


1 1  Dioxin  Category  f  jfjg 

n 

Adj.  Mean8 

Difference  of  Adj.  Mean 
Sptfsl  Comparisons  H| If  $ 
(95%  C.I.)b 

p- Value4 

Comparison 

1,193 

45.40 

Background  RH 

374 

44.67 

-0.73  - 

0.606 

Low  RH 

235 

47.84 

2.43  - 

0.159 

High  RH 

238 

50.40 

5.00  - 

0.006 

Low  plus  High  RH 

473 

49.11 

3.71  - 

0.006 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

I 

Analysis  Results  for  Log*  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

■  -  i^y^he  ill 

Low  283  40.35 

Medium  285  42.53 

High  284  47.59 

0.012  0.040(0.013)  0.002 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  GGT  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


*  (I|);l^fC^b^  4C,RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED  t  !  l{  \  t 

|  §  ■ jl  1987  Dioxin  Category'  Siimmairy^Statistics  I  7  g 

-  ;jT| .  Analysis  Results  for  Log2  (1987  Dioxin  vj  J  ^  ?! 

Dioxin  n  Adj.  Mean8 

R2  (Std.  Error)b  p-Value 

Low  283  42.89 

Medium  283  45.65 

High  281  50.85 

0.103  0.042  (0.014)  0.003 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  GGT  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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13.2.2.3.6  GGT  (Discrete) 

The  unadjusted  and  adjusted  analysis  results  for  Models  1  and  2  showed  no  significant  results  (Table 
13-16(a-d):  p>0.31  for  each  analysis). 

A  marginally  significant  difference  between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
and  Comparisons  was  revealed  in  both  the  unadjusted  and  adjusted  Model  3  analyses  (Table  13-16(e,f): 
Est.  RR=1.33,  p=0.094,  for  the  unadjusted  analysis;  Adj.  RR=1.38,  p=0.065,  for  the  adjusted  analysis). 
The  percentage  of  abnormal  GGT  values  among  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined  was  13.0  versus  9.8  among  the  Comparisons. 


Table  13-16.  Analysis  of  GGT  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


f'-j 

Number  (%) 

High  : 

Est  Relative  Risk  * 
(95%  C.I.) 

ligtlHiill!  1 

All 

Ranch  Hand 

859 

89  (10.4) 

1.03  (0.77,1.38) 

0.831 

Comparison 

1,231 

124  (10.1) 

Officer 

Ranch  Hand 

340 

31  (9.1) 

1.23  (0.75,2.02) 

0.419 

Comparison 

490 

37  (7.6) 

Enlisted  Flyer 

Ranch  Hand 

150 

23  (15.3) 

1.16(0.63,2.14) 

0.637 

Comparison 

185 

25  (13.5) 

Enlisted 

Ranch  Hand 

369 

35  (9.5) 

0.83  (0.54,1.29) 

0.419 

Groundcrew 

Comparison 

556 

62(11.2) 

RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 


Occupational  Category  (95%  C  I.)  p- Value 


All 

1.08  (0.80,1.45) 

0.604 

Officer 

1.24  (0.75,2.06) 

0.399 

Enlisted  Flyer 

1.39  (0.73,2.65) 

0.310 

Enlisted  Groundcrew 

0.86(0.55,1.35) 

0.512 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|^1 1 ;  fi 

|ltl  Initial |§|||j |H  |p|J  ® f|f  1J  NumbC(^))^  ij|  1 

1  *  Dioxin  $»  fc  !f  f  p  | 

(95%  C.I.)b  p-Value 

Low  158  17  (10.8) 

Medium  159  28  (17.6) 

High  159  17  (10.7) 

1.00(0.81,1.22)  0.964 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-16.  Analysis  of  GGT  (Discrete)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

_ _ n _  (95%  C.I.)fl _ p-Value 

_ 473 _ 1.06  (0.82,1.37) _ 0.669 _ 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est.  Relative  Risk 

Dioxin  Category  n  High  (95%C.I.)ab  p- Value 


Comparison 

1,194 

117  (9.8) 

Background  RH 

376 

25  (6.6) 

0.70  (0.45,1.10) 

0.122 

Low  RH 

236 

29  (12.3) 

1.27  (0.82,1.96) 

0.283 

High  RH 

240 

33  (13.8) 

1.38(0.91,2.10) 

0.127 

Low  plus  High  RH 

476 

62  (13.0) 

1.33  (0.95,1.84) 

0.094 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

£■  mf  ml  1*  .  •  •/  $$}&  i 

rf,  Adjusted  Relative  Risk  P§tlpt 
(9s%c.ir  ■ 

Comparison 

1,193 

Background  RH 

374 

0.77  (0.48,1.23) 

0.273 

Low  RH 

235 

1.42  (0.91,2.22) 

0.127 

High  RH 

238 

1.35(0.86,2.11) 

0.186 

Low  plus  High  RH 

473 

1.38(0.98,1.95) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

k  Iffgg 1 1987  Dipxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1)  1  < 

'<1987  f||  lj !&} \[ pfj-filli  Number 
f  1  J  HiOXin  ^  %%  *  n  ,  ‘  High  *  *  ; 

&'v^tiinatedHelative  Risk  $  f  X 1  ^  ut!  !  J,Y^4  i 

Low  283  21  (7.4) 

Medium  285  27  (9.5) 

High  284  39  (13.7) 

1.17(1.01,1.35)  0.034 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-16.  Analysis  of  GGT  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin +  1) 


Adjusted  Relative  Risk 
(95%  C.I.)a 

|  p-Value  ||  {  |ii| 

847 

1.27  (1.05,1.53) 

0.012 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

In  Model  4,  both  unadjusted  and  adjusted  analyses  showed  significant  positive  associations  with  1987 
dioxin  (Table  13-16(g,h):  Est.  RR=1.17,  p=0.034;  Adj.  RR=1.27,  p=0.012,  respectively).  The 
percentages  of  high  GGT  levels  in  the  low,  medium,  and  high  1987  dioxin  categories  were  7.4,  9.5,  and 
13.7,  respectively. 

1 3.2.23. 7  A  Ikaline  Phosphatase  ( Continuous ) 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  alkaline  phosphatase  revealed  significant  overall 
group  differences  (Table  13-17(a,b):  difference  of  means=2.16  U/I,  p=0.024;  difference  of  adjusted 
means=2.32  U/l,  p=0.016).  The  overall  adjusted  mean  alkaline  phosphatase  values  were  82.77  U/l  and 
80.46  U/l  for  Ranch  Hands  and  Comparisons,  respectively.  After  stratifying  by  occupation,  unadjusted 
and  adjusted  analyses  revealed  group  differences  within  the  enlisted  groundcrew  stratum  (unadjusted: 
difference  of  means=3.18  U/l,  p=0.030;  adjusted:  difference  of  adjusted  means=3.43  U/l,  p=0.021). 
Within  the  enlisted  groundcrew  stratum,  the  Ranch  Hands  had  an  adjusted  mean  alkaline  phosphatase  of 
85.1 1  U/l  versus  81.68  U/l  for  the  Comparisons. 


Table  13-17.  Analysis  of  Alkaline  Phosphatase  (U/l)  (Continuous) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

||  Occupational 

fill  Group  | 

fcliisfttlifcfe 

f  Difference  of  Means 
/'  i  (95%  C.I.)b 

|  ||j! |p||j 

All 

Ranch  Hand 

859 

81.81 

2.16 - 

0024 

Comparison 

1,231 

79.65 

Officer 

Ranch  Hand 

340 

78.44 

1.70  - 

0.241 

Comparison 

490 

76.74 

Enlisted  Flyer 

Ranch  Hand 

150 

83.79 

0.34  -- 

0.889 

Comparison 

185 

83.45 

Enlisted 

Ranch  Hand 

369 

84.22 

3.18- 

0.030 

Groundcrew 

Comparison 

556 

81.04 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-17.  Analysis  of  Alkaline  Phosphatase  (U/l)  (Continuous)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  1 

liilPRBi 

Group 

Adj.  Mean3 

Difference  of  Adj.  Means 
(95%  C.I.)b  . 

p-Valuec 

All 

Ranch  Hand 

856 

82.77 

2.32 - 

0.016 

Comparison 

1,229 

80.46 

Officer 

Ranch  Hand 

340 

78.68 

1.80  - 

0.215 

Comparison 

489 

76.88 

Enlisted  Flyer 

Ranch  Hand 

149 

84.06 

0.58  - 

0.811 

Comparison 

184 

83.47 

Enlisted 

Ranch  Hand 

367 

85.11 

3.43  - 

0.021 

Groundcrew 

Comparison 

556 

81.68 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P~value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN  -UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

R2  (Std.  Error)*  p- Value 

Low  158  81.73  81.97 

Medium  159  83.60  83.63 

High  159  80.51  80.25 

0.009  -0.004  (0.009)  0.646 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


1 1  jjj|  Initial  Dioxin  Category  Summary  Statistics  f|||j| 

^  ^  1  r  ^Analysis  Results  for  Log2  (InitjalDioxih)  1 f  j  4 

S|; HfS§  lllJdji'Sldpe  i 

Initial  Dioxin 

1 J l'  Adj.  Mean!' 1 p| 

(Hi;  r2 

(Std.  Error)1*  p-Value 

Low 

158 

80.72 

0.037 

-0.021  (0.011)  0.053 

Medium 

158 

79.95 

High 

158 

75.04 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (initial  dioxin). 
Note:  Low  -  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-17.  Analysis  of  Alkaline  Phosphatase  (U/l)  (Continuous)  (Continued) 

(e) RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -UNADJUSTED 


Mean3 

Adj.  Meanab 

■  Difference  of  Adj;  Mean 

•  ffl tj|§  vs.  -.Comparisons  glljS! 
(95%  C.I.)C 

p-Value* 

Comparison 

1,194 

79.58 

79.57 

Background  RH 

376 

81.35 

81.50 

1.93  - 

0.130 

Low  RH 

236 

82.39 

82.34 

2.78  - 

0.070 

High  RH 

240 

81.50 

81.36 

1.79  - 

0.238 

Low  plus  High  RH 

476 

81.94 

81.85 

2.28  - 

0.051 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)jMODEft  3:VRANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY -  ADJUSTED 


Dioxin  Category 

.  ■  n  . 

iiiiillsiiiiiiRSiiii? 

>  vs.  Comparisons  f  ill 

‘  .  (95%C.I.)b  .  . 

p- Value* 

Comparison 

1,193 

80.38 

Background  RH 

375 

83.86 

3.48  - 

0.008 

Low  RH 

235 

83.18 

2.79  - 

0.071 

High  RH 

239 

80.32 

-0.06  - 

0.967 

Low  plus  High  RH 

474 

81.72 

1.34  - 

0.255 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

,  ’  ,  ta.?  r*  ,  Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  283  81.36 

Medium  285  81.39 

High  284  82.29 

<0.001  -0.004(0.006)  0.555 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-17.  Analysis  of  Alkaline  Phosphatase  (U/l)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1|  |||f}|  |[ 

1987 

•'Dioxin  .  n  Mean8 

Adjusted  Slope 

R2  (Std.  Error)”  p- Value 

Low  283  80.95 

Medium  284  80.09 

High  282  77.40 

0.042  -0.021  (0.007)  0.003 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  Model  2  unadjusted  analysis  of  alkaline  phosphatase  was  nonsignificant  (Table  13- 17(c):  p=0.646). 
The  adjusted  analysis  revealed  a  marginally  significant  inverse  association  between  alkaline  phosphatase 
and  initial  dioxin  (Table  13-17(d):  adjusted  s!ope=-0.021,  p=0.053).  Mean  alkaline  phosphatase  levels 
in  the  low,  medium,  and  high  initial  dioxin  categories  were  80.72  U/l,  79.95  U/l,  and  75.04  U/l, 
respectively. 

The  unadjusted  Model  3  analysis  of  alkaline  phosphatase  revealed  two  marginally  significant  contrasts: 
Ranch  Hands  in  the  low  dioxin  category  versus  Comparisons  (Table  13-17(e):  difference  of  means=2.78 
U/l,  p=0.070)  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  versus  Comparisons 
(difference  of  means=2.28  U/l,  p=0.051).  The  adjusted  analysis  showed  significant  differences  between 
Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  (Table  13-17(f):  difference  of  adjusted 
means=3.48  U/l,  p=0.008),  as  well  as  a  marginally  significant  difference  between  Ranch  Hands  in  the  low 
dioxin  category  and  Comparisons  (difference  of  adjusted  means=2.79  U/l,  p=0.071).  Ranch  Hands  in  the 
background  and  low  dioxin  categories  had  higher  mean  alkaline  phosphatase  levels  than  the  Comparisons 
(83.86  U/l  for  the  Ranch  Hands  in  the  background  dioxin  category  and  83.18  U/l  for  the  Ranch  Hands  in 
the  low  dioxin  category  versus  80.38  U/l  for  Comparisons). 

The  unadjusted  analysis  of  Model  4  showed  no  significant  association  between  alkaline  phosphatase  and 
1987  dioxin  levels  (Table  13- 17(g):  p=0.555).  After  co variate  adjustment,  a  significant  inverse  relation 
was  revealed  (Table  13-17(h):  adjusted  slope=-0.021,  p=0.003).  The  adjusted  mean  alkaline 
phosphatase  values  in  the  low,  medium,  and  high  1987  dioxin  categories  were  80.95  U/l,  80.09  U/l,  and 
77.40  U/l,  respectively. 

1 3. 2. 2. 3. 8  Alkaline  Phosphatase  ( Discrete ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  alkaline  phosphatase  in  its  discrete  form  showed  no 
overall  group  difference  between  Ranch  Hands  and  Comparisons  (Table  13-18(a,b):  p>0.33  for  each 
analysis).  Stratifying  by  occupation  revealed  a  marginally  significant  group  difference  within  the  enlisted 
groundcrew  stratum  for  both  the  unadjusted  and  adjusted  analyses  (Table  13-18(a,b):  Est.  RR=2.30, 
p=0.071;  Adj.  RR=2.46,  p=0.053).  The  percentage  of  enlisted  groundcrew  with  high  alkaline 
phosphatase  levels  among  the  Ranch  Hands  was  3.3  percent  versus  1.4  percent  among  the  Comparisons. 
All  analyses  for  Models  2  and  3  were  nonsignificant  (Table  13-18(c-f):  p>0.10  for  each  analysis). 
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Table  13-18.  Analysis  of  Alkaline  Phosphatase  (Discrete) 

(a)  MODEL  l:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  | 

Group 

Number  (%) 

High 

Est.  Relative  Risk 
'  (95%  C.I.) 

p- Value 

All 

Ranch  Hand 

859 

22  (2.6) 

1.32  (0.74,2.37) 

0.352 

Comparison 

1,231 

24(1.9) 

Officer 

Ranch  Hand 

340 

4(1.2) 

0.47  (0.15,1.48) 

0.200 

Comparison 

490 

12  (2.4) 

Enlisted  Flyer 

Ranch  Hand 

150 

6  (4.0) 

1.89  (0.52,6.81) 

0.333 

Comparison 

185 

4  (2.2) 

Enlisted 

Ranch  Hand 

369 

12  (3.3) 

2.30  (0.93,5.69) 

0.071 

Groundcrew 

Comparison 

556 

8(1.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  C.I.)  p-Value 


All 

1.34(0.74,2.42) 

0.332 

Officer 

0.45  (0.14,1.41) 

0.172 

Enlisted  Flyer 

2.03  (0.56,7.40) 

0.284 

Enlisted  Groundcrew 

2.46  (0.99,6.13) 

0.053 

(c)  MODEL  2:  RAN CH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)*  |§§  j| 1 J 

Initial  Number  (%) 

§f  :-''&timated'Relatiye'Kisk': 

(95%C.I.)l>  ■  p- Value 

0.99(0.60,1.65)  0.971 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL;  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

ISBKS 

474  1.04(0.61,1.76) 

6.897 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  a  high  alkaline 
phosphatase  level. 
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Table  13-18.  Analysis  of  Alkaline  Phosphatase  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  {%)  Est  Relative  Risk  *1 

Dioxin  Category 

High  (95%  CM.)*1’ 

Comparison 

1,194 

21  (1.8) 

Background  RH 

376 

12(3.2)  1.76(0.85,3.63) 

0.127 

Low  RH 

236 

4(1.7)  0.97(0.33,2.86) 

0.960 

High  RH 

240 

5(2.1)  1.24(0.46,3.33) 

0.670 

Low  plus  High  RH 

476 

9(1.9)  1.10(0.50,2.43) 

0.815 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  ANT)  COMPARISONS  BY  DIOXIN  CATEGORY 

I  ADJUSTED  }  |  mi 

‘If#1 

It  Jiff  '  Adjusted  Relative  Risk  |  1 

liPifei  Category  A-??*;: 

(95%  C.I.)8  ; 

Comparison 

1,193 

Background  RH 

375 

1.85  (0.88,3.90) 

0.104 

Low  RH 

235 

0.91  (0.31,2.71) 

0.871 

High  RH 

239 

1.23  (0.44,3.41) 

0.688 

Low  plus  High  RH 

474 

1.06  (0.48,2.37) 

0.883 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

111  §  1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

IJIp!  1^87  |  ||j 

|§|  Dioxin  jgj  jgjgj!  >H|gh  ||||§j§ 

pi  i  \ 

jg  ■■ 

0.79(0.58,1.09)  0.144 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


HI 

n  ■  (95%  L.l.) 

ISsftSftliiiilll 

Hil 

849 _ 0.69  (0.50,0.94) _ 0.020 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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The  Model  4  unadjusted  analysis  did  not  show  significant  results  (Table  13- 18(g):  p=0.144).  The 
adjusted  analysis  revealed  a  significant  inverse  relation  between  alkaline  phosphatase  and  1987  dioxin 
levels  (Table  13-18(h):  Adj.  RR=0.69,  p=0.020).  The  percentages  of  abnormal  alkaline  phosphatase 
values  in  the  low,  medium,  and  high  1987  dioxin  categories  were  3.2, 2.1,  and  2.1,  respectively. 

13.2.2.3.9  Total  Bilirubin  ( Continuous) 

All  unadjusted  and  adjusted  Model  1  through  Model  4  analyses  of  total  bilirubin  in  its  continuous  form 
were  nonsignificant  (Table  13-19(a-h):  p>0.36  for  each  analysis). 


Table  13-19.  Analysis  of  Total  Bilirubin  (mg/dl)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Mean8 

Difference  of  Means  ill 

(95%-CXf  lllll 

siiSilliiii*! 

AU 

Ranch  Hand 

859 

0.518 

-0.002  - 

0.857 

Comparison 

1,231 

0.520 

Officer 

Ranch  Hand 

340 

0.546 

0.003  - 

0.887 

Comparison 

490 

0.543 

Enlisted  Flyer 

Ranch  Hand 

150 

0.489 

-0.023  - 

0.365 

Comparison 

185 

0.513 

Enlisted 

Ranch  Hand 

369 

0.506 

0.003  - 

0.869 

Groundcrew 

Comparison 

556 

0.503 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  t: 

RANCH  H  ANDS  VS.  COMPARISONS  -  ADJUSTED 

Category 

mmamsm 

;ifi  Adj.  Mean8  1§|§|] 

DifferenceofAdj.  Means 

iiiMMi 

AU 

Ranch  Hand 

854 

0.511 

-0.000  - 

0.963 

Comparison 

1,229 

0.511 

Officer 

Ranch  Hand 

340 

0.528 

0.000  - 

0.993 

Comparison 

489 

0.528 

Enlisted  Flyer 

Ranch  Hand 

148 

0.487 

-0.018  - 

0.482 

Comparison 

184 

0.505 

Enlisted 

Ranch  Hand 

366 

0.512 

0.006  - 

0.727 

Groundcrew 

Comparison 

556 

0.507 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-19.  Analysis  of  Total  Bilirubin  (mg/dl)  (Continuous)  (Continued) 

(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)1’ 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

'  R2 

U |f 111;*  Slope  ! ®: :|l{|iit|||||j|i  jflil j 

u  (Std.Error)c  p-Value  {  jf§| 

Low  158"  0.524  6.527 

Medium  159  0.503  0.503 

High  159  0.514  0.510 

0.013 

-0.014  (0.016)  0.368 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  total  bilirubin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

jfjjl  j  |  Analysis  Results  for  Log2  (Initial  Dioxin) 

Adj.  Slope 

R2  (Std.  Error)b  p-Value 

1 

6.038  0.004  (0.019)  0.822 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  total  bilirubin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

K©)  ftiODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Difference  of  Adj,  Mean  ■ 
vs.  Comparisons 

Dioxin  Category  n  Mean8  Adj.  Mean8b  (95%  C.I.)C  p-Valued 


Comparison 

1,194 

0.520 

0.520 

Background  RH 

376 

0.523 

0.526 

0.006  - 

Low  RH 

236 

0.517 

0.516 

-0.004  - 

High  RH 

240 

0.510 

0.506 

-0.014  - 

0.418 

Low  plus  High  RH 

476 

0.513 

0.511 

-0.009  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-19 .  Analysis  of  Total  Bilirubin  ( mg/dl )  (Continuous)  (Continued) 

3(f).  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


IfliJ;  J; 

Difference  of  Adj,  Mean 
vs.  Comparisons 
(95%  C.I.)b 

p-Value‘ 

Comparison 

1,193 

0.517 

Background  RH 

374 

0.515 

-0.002  - 

0.901 

Low  RH 

235 

0.514 

-0.003  - 

0.884 

High  RH 

238 

0.520 

0.003  - 

0.861 

Low  plus  High  RH 

473 

0.517 

0.000  - 

0.981 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  - UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean8 

llii* - ;||| mi ||§g 4;(StS;;:Errqf)b |  J' f 

Low  283  0.526 

Medium  285  0.518 

High  284  0.509 

0.001  -0.007(0.011)  0.499 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  total  bilirubin  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

HI /'vl^l^^Dioxin’^at^ory  Summary- 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

x$  +  Dioxin  44143  n  ^  1 

l  3  lx,  105  (Std*  Error)®  ‘  |  |J  1  p|VaIue  | 

U3  m  '  EM ;  -  4-  i 

0.023  0.008  (0.012)  0.519 

a  Transformed  from  natural  logarithm  scale. 

V 

Slope  and  standard  error  based  on  natural  logarithm  of  total  bilirubin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


13.2. 2.3.10  Total  Bilirubin  ( Discrete ) 

All  analysis  results  of  total  bilirubin  in  its  dichotomous  form  were  nonsignificant  (Table  13-20(a-h): 
p>0.1 1  for  each  analysis). 
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Table  13-20.  Analysis  of  Total  Bilirubin  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


&M 

;ri 

f  >>.  Number  (&>) , 
v ,  High  f 

Est.  Relative  Risk 
(95  %  C.I.) 

p-Value 

All 

Ranch  Hand 

859 

46  (5.4) 

0.86(0.59,1.25) 

0.430 

Comparison 

1,231 

76(6.2) 

Officer 

Ranch  Hand 

340 

22  (6.5) 

0.90  (0.52,1.56) 

0.707 

Comparison 

490 

35(7.1) 

Enlisted  Flyer 

Ranch  Hand 

150 

8  (5.3) 

1.10(0.41,2.93) 

0.846 

Comparison 

185 

9  (4.9) 

Enlisted 

Ranch  Hand 

369 

16  (4.3) 

0.74  (0.40,1.37) 

0.342 

Groundcrew 

Comparison 

556 

32  (5.8) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 


Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) 

All 

0.86(0.58,1.25) 

0.420 

Officer 

0.90(0.52,1.57) 

0.723 

Enlisted  Flyer 

1.15(0.43,3.08) 

0.779 

Enlisted  Groundcrew 

0.71  (0.38,1.33) 

0.286 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics  ||  Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.l.)b  p-Value 

0.77(0.54,1.09)  0.118 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

'.  .  V  :  n  ,  '  :  .  '  ■;  ;-'?:V-(95.%-CLy- >■■;;,  p-Value 

_ 473 _ 0.75  (0.49,1.13) _  0.154 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-20.  Analysis  of  Total  Bilirubin  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

n 

High  (95%  C.I.)ab 

p-Value 

Comparison 

1,194 

74  (6.2) 

Background  RH 

376 

21  (5.6)  0.91  (0.55,1.51) 

0.724 

Low  RH 

236 

15(6.4)  1.02(0.58,1.81) 

High  RH 

240 

9(3.8)  0.58(0.29,1.18) 

Low  plus  High  RH 

476 

24  (5.0)  0.77  (0.47,1.25) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(fi  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  ADJUSTED  Him 

,  Adjusted  Relative  Risk- * ‘  i’  1 

n  ■ 

(95%CI.)a  . 

p- Value 

Comparison 

1,193 

Background  RH 

374 

0.88(0.53,1.47) 

Low  RH 

235 

1.03  (0.58,1.84) 

0.919 

High  RH 

238 

0.59(0.27,1.27) 

0.175 

Low  plus  High  RH 

473 

0.78  (0.47,1.29) 

0.331 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UN  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

r  ;  5^  Analysis ResultsforLog2 (1987 Dioxin  +  1)  ^ 

1987  Number  (%) 

Dioxin  n  High 

0.89(0.72,1.10)  0.275 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS-  1 987  DIOXIN  ^ADJUSTED 

847 _ 0.94  (0.73,1.21) _ 0.646 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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1 3. 2. 2.3.11  Direct  Bilirubin 


In  each  of  the  unadjusted  and  adjusted  analyses  of  Models  1  through  4,  no  significant  associations  were 
seen  between  dioxin  and  direct  bilirubin  (Table  13-21(a-h):  p>0.19  for  each  contrast).  Because  of  a 
sparse  number  of  participants  with  a  high  direct  bilirubin  level,  the  analysis  was  limited  in  some  of  the 
models. 


Table  13-21.  Analysis  of  Direct  Bilirubin 


hpwmi 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

>  Occupational  | 

wmmmm 

Group 

;;  n  . 

Number  (%) 

High 

■  \  Est  Relative  Risk 

!«!! 

|  gig  p*Value  f§|| 

All 

Ranch  Hand 

859 

1  (0.1) 

0.29  (0.03,2.45) 

0196 

Comparison 

1,231 

5(0.4) 

Officer 

Ranch  Hand 

340 

1  (0.3) 

0.48  (0.05,4.62) 

0.524 

Comparison 

490 

3  (0.6) 

Enlisted  Flyer 

Ranch  Hand 

150 

0  (0.0) 

— 

— 

Comparison 

185 

0  (0.0) 

Enlisted 

Ranch  Hand 

369 

0  (0.0) 

__ 

0.667a 

Groundcrew 

Comparison 

556 

2(0.4) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  high  direct  bilirubin  level. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  high  direct  bilirubin  level. 


(b)  MODEL  1:  RANCH  HAN 

DS  VS.  C 

OMPARISONS  -  ADJUSTED 

(95%  C.I.) 

IllMlilillBiii! 

All 

0.32  (0.04,2.82) 

0.254 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

0.50  (0.05,4.90) 

0.551 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  high  direct  bilirubin  level. 


Note:  Results  for  analysis  across  all  occupational  categories  are  not  adjusted  for  occupation  because  of  the  sparse 
number  of  participants  with  a  high  direct  bilirubin  level. 


(c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

initial  Number  (%) 

Dioxin  n  Yes 

(95%  C.I.)b  p-Value 

Low  158  0(0.0) 

Medium  159  0  (0.0) 

High  159  0  (0.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  high  direct  bilirubin  level. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-21.  Analysis  of  Direct  Bilirubin  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

n  (95%  C,I.)  p- Value 


— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  high  direct  bilirubin  level. 


|e).M01)EI|  $£  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


ii  ••  N&mber:(%);'': 

Yes 

%  .  Est  Relative  Risk  ||I |lf . 

(95%e.i.)‘,b 

p-Value 

Comparison 

1,194 

5  (0.4) 

Background  RH 

376 

1  (0.3) 

0.88  (0.10,7.75) 

Low  RH 

236 

0  (0.0) 

— 

High  RH 

240 

0  (0.0) 

— 

Low  plus  High  RH 

476 

0  (0.0) 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  high  direct  bilirubin  level. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  high  direct  bilirubin  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL 

3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category  n  (95%  C.I.)a  p-  Value 

Comparison 

1,193 

Background  RH 

374 

1.09  (0.12,10.31) 

0.937 

Low  RH 

235 

— 

~ 

High  RH 

238 

— 

— 

Low  plus  High  RH 

473 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  high  direct  bilirubin  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  a  high  direct 
bilirubin  level. 
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Table  13-21.  Analysis  of  Direct  Bilirubin  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN 

-UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%> 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.f  p- Value 

Low  283  0  (0.0) 

Medium  285  1  (0.4) 

High  284  0  (0.0) 

0.78(0.18,3.33)  0.735 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

j||j§|gg^ 

^  ^  Ko  ^  fl'!  ^  r  >  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 


•  (95%  CX)a 

p-Value 

847 

0.79  (0.17,3.72) 

0.764 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

Note:  Results  are  adjusted  only  for  age  and  lifetime  alcohol  history  because  of  the  sparse  number  of  Ranch  Hands 
with  a  high  direct  bilirubin  level. 


13.2.2.3. 12  Lactic  Dehydrogenase  ( Continuous) 

The  unadjusted  and  adjusted  analyses  of  Models  1  through  4  showed  no  significant  associations  between 
dioxin  and  lactic  dehydrogenase  in  its  continuous  form  (Table  13-22(a-h):  p>0.18  for  each  analysis). 


Table  13-22.  Analysis  of  Lactic  Dehydrogenase  (U/l)  (Continuous) 


(a)  MODEL  1; 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

J§|  Group!  ' 

iliiiiiiipi 

">  A  o  Difference  of  Means 
|  ■  !  (95%  C.I.)b 

mmtmm 

All 

Ranch  Hand 

859 

154.0 

0.3  - 

0.822 

Comparison 

1,229 

153.8 

Officer 

Ranch  Hand 

340 

153.9 

-0.5  - 

0.799 

Comparison 

489 

154.4 

Enlisted  Flyer 

Ranch  Hand 

150 

152.3 

-0.3  - 

0.927 

Comparison 

184 

152.5 

Enlisted 

Ranch  Hand 

369 

154.9 

1.2  - 

0.488 

Groundcrew 

Comparison 

556 

153.7 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-22.  Analysis  of  Lactic  Dehydrogenase  (U/l)  (Continuous)  (Continued) 


^NGH^NDS^  COMPARISONS  -  ADJUSTED 


|f  {j*| 

Difference  ofAdj.  Means 
(95%  C.I.)b  -  :  : 

p- Value* 

AU 

Ranch  Hand 

854 

155.3 

0.3  ~ 

0.790 

Comparison 

1,227 

155.0 

Officer 

Ranch  Hand 

340 

154.8 

-0.6  - 

0.768 

Comparison 

488 

155.3 

Enlisted  Flyer 

Ranch  Hand 

148 

153.1 

-0.8  - 

0.787 

Comparison 

183 

153.9 

Enlisted 

Ranch  Hand 

366 

157.8 

1.5  - 

0.397 

Groundcrew 

Comparison 

556 

156.3 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  M0DEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 


Analysis  Results  for  Log2  (Initial  Dioxin)* 


Mean8 

Adj,  Meanab 

;  R2  ■■  '  ■ 

(Std.  Error)c  V 

Low 

158 

155.7 

156.0 

0.009 

-0.001  (0.006) 

Medium 

159 

152.4 

152.4 

High _ 

159 

156.0 

155.6 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  lactic  dehydrogenase  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIQXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

;  ^  L  |f«Analysis  Results  for  Log*  ^(Imti|lfDibii  n)'f  ||i!fe:|:;:||  . 

Initial  Dioxin  n  Adj.  Mean8 

R*  (Std.  Error)1'  p-Value 

Low  158  159.1 

Medium  158  156.8 

High  157  160.1 

0.036  0.000  (0.007)  0.979 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  lactic  dehydrogenase  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-22.  Analysis  of  Lactic  Dehydrogenase  (U/l)  ( Continuous )  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Mean8  Adj.  Mean8b 

11  Difference;  of  Adj.  Mean j  • 
vs.  Comparisons  | 
(95%  C.I.)C 

p- Valued 

Comparison 

1,192 

153.8  153.7 

Background  RH 

376 

153.1  154.3 

0.6  - 

Low  RH 

236 

153.9  153.6 

-0.1  - 

High  RH 

240 

155.4  154.1 

0.4  - 

Low  plus  High  RH 

476 

154.7  153.8 

0.1- 

a  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 

because  analysis  was  performed  on  natural  logarithm  scale. 

d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj.  Mean 

vs.  Comparisons  t  ; 

Dioxin  Category 

^f'f^llllAdj^M^n8 1|  ®§fp 

(95%  C.I.)b 

Comparison 

1,192 

155.5 

Background  RH 

374 

156.1 

0.6  - 

0.737 

Low  RH 

235 

155.0 

-0.5  - 

0.774 

High  RH 

238 

156.8 

1.3  - 

0.528 

Low  plus  High  RH 

473 

155.9 

0.4  - 

0.812 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

-  1  1987  Dioxin  Category  Summary  Statistics 

HU !§j  Analysis  Resets  for  Log!  (lt|7|Dioxin  +1)^1  $  1  J 

lilil  ■ '  -• v1!:1  ■ ; 'i  H  ;1 

1  P 1  Bi/l l  i  %  (Std;  Errprr  |  $  ;l  p-Yalue 

Low  283  152.7 

Medium  285  155.3 

High  284  153.9 

0.002  0.005  (0.004)  0.211 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  lactic  dehydrogenase  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-22.  Analysis  of  Lactic  Dehydrogenase  (U/l)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Dioxin  n  Ad j.  Mean® 

/  ^  £  v  ]  *  .  j,  <  Adjusted  Slope 

R2  (Std.  Error)b  p-Value 

Low  283  154.3 

Medium  283  156.4 

High  281  155.4 

0.015  0.006  (0.005)  0.187 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  lactic  dehydrogenase  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


1 3. 2. 2.3.13  Lactic  Dehydrogenase  ( Discrete ) 

Lactic  dehydrogenase  in  its  dichotomized  form  showed  nonsignificant  results  in  all  of  the  Models  1 
through  4  unadjusted  and  adjusted  analyses  (Table  13-23(a-h):  p>0.21  for  each  analysis). 


Table  13-23.  Analysis  of  Lactic  Dehydrogenase  (Discrete) 


(a)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

J  ;  f  ICate'gory  - 

Group 

n 

ific  Number  (%)  |  !| 
High 

Est  Relative  Risk 
(95%  GX) 

p-Value 

All 

Ranch  Hand 

859 

81  (9.4) 

0.89  (0.66,1.19) 

0.424 

Comparison 

1,229 

129  (10.5) 

Officer 

Ranch  Hand 

340 

32  (9.4) 

0.85  (0.54,1.36) 

0.506 

Comparison 

489 

53  (10.8) 

Enlisted  Flyer 

Ranch  Hand 

150 

13  (8.7) 

1.07  (0.49,2.32) 

0.866 

Comparison 

184 

15  (8.2) 

Enlisted 

Ranch  Hand 

369 

36  (9.8) 

0.88  (0.57,1.35) 

0.555 

Groundcrew 

Comparison 

556 

61  (11.0) 

(b)  Mj^DEL^:  RANCH  BRANDS *VS? ^COMPARISONS  -  ADJUSTED  jg§g 1 1 g  jg  jggjgf || || 

Adjusted  Relative  Risk 

U  90:  llfjpp  I  p-Value 


All 

0.90  (0.67,1.21) 

0.479 

Officer 

0.86(0.54,1.37) 

Enlisted  Flyer 

1.03  (0.47,2.24) 

0.945 

Enlisted  Groundcrew 

0.90  (0.58,1.39) 

0.625 
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Table  13-23.  Analysis  of  Lactic  Dehydrogenase  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

v  Analysis  Results  for  Logj  (Initial  Dioxin)®  ; |  f§ §  | 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.L)b  p-Value 

Low  158  17  (10.8) 

Medium  159  10  (6.3) 

High  159  16(10.1) 

0.96  (0.75,1.21)  0.709 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


|§  |  1 0-^.1  r  &  ^  |  Analysis  Results  for  Log2  (Initial  Dioxin)  1 £ 

8-€  1  ®  v 

#Risk:;<: 

(95%  c.i.)a  v •>;; 

p-Value 

473 

0.98  (0.74,1.30) 

0.889 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNADJUSTED  f  1 

iissiiRii  mmm 

Number  (%)  ..  Est.  Relative  Risk  * 

IBIiitlllfilli! 

High  (95%  G.l.,'h 

llllilf  .v.p-^y^iuej;  fill!! 

Comparison 

1,192 

123  (10.3) 

Background  RH 

376 

36  (9.6)  1.05(0.71,1.57) 

0.794 

Low  RH 

236 

21  (8.9)  0.81  (0.50,1.33) 

0.406 

High  RH 

240 

22  (9.2)  0.77(0.47,1.25) 

0.291 

Low  plus  High  RH 

476 

43  (9.0)  0.79(0.55,1.15) 

0.214 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

pjlife;'  g;  5A^|justed  RelativeRisk  ^ 

C0M  Dioxin  Category  '  "  ■ 

Comparison 

1,191 

Background  RH 

374 

1.07  (0.72,1.61) 

0.729 

Low  RH 

235 

0.80  (0.48,1.31) 

High  RH 

238 

0.81(0.49,1.34) 

Low  plus  High  RH 

473 

0.80  (0.55,1.17) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-23.  Analysis  of  Lactic  Dehydrogenase  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJIJSTEE 

> 

1987  Dioxin  Category  Summary  Statistics 

'f* Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (^j- 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  283  27  (9.5) 

Medium  285  30  (10.5) 

High  284  22  (7.7) 

1.00(0.85,1.17)  0.989 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a  ■  p-Value 

847 _ 1.01  (0.84,1.21) _ 0.892 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


13.2.2.3. 14  Cholesterol  ( Continuous) 

The  Model  1  unadjusted  and  adjusted  analyses  showed  no  significant  association  between  group  and 
cholesterol  (Table  13-24(a,b):  p>0.14  for  each  analysis). 


Table  13-24.  Analysis  of  Cholesterol  (mg/dl)  (Continuous) 


(a):M0jbELi: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

;  Occupational 
Category 

Group 

Mean8 

Difference*  of  Means  llilf 
(95%  C.I.)b 

iiliWilll 

All 

Ranch  Hand 

859 

211.4 

-0.3  - 

0.838 

Comparison 

1,231 

211.7 

Officer 

Ranch  Hand 

340 

206.2 

-3.8  - 

0.149 

Comparison 

490 

210.0 

Enlisted  Flyer 

Ranch  Hand 

150 

215.0 

-1.3  - 

0.760 

Comparison 

185 

216.3 

Enlisted 

Ranch  Hand 

369 

214.7 

3.0  - 

0.239 

Groundcrew 

Comparison 

556 

211.8 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  13-24.  Analysis  of  Cholesterol  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUS  TED 

Occupational 

Category 

;  B- U 

Difference  of  Adj.  Means 

Ilf  :::#!l^!ll*!(i 

p-Valuec 

AU 

Ranch  Hand 

854 

212.3 

H 0.3  - 

0.850 

Comparison 

1,229 

212.6 

Officer 

Ranch  Hand 

340 

206.6 

-3.8  - 

0.141 

Comparison 

489 

210.4 

Enlisted  Flyer 

Ranch  Hand 

148 

215.3 

-1.2  - 

0.781 

Comparison 

184 

216.4 

Enlisted 

Ranch  Hand 

366 

214.6 

3.2  - 

0.197 

Groundcrew 

Comparison 

556 

211.4 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL  2:  RANCH  HANDS -  INITIAL DIOXIN -UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

\  ;  .*  Analysis  Results  for  Log2  (InitialDioxin)b  if* 

Initial  Dioxin  n  Mean®  Adj.Meanab 

Slope 

R*  (Std.  Error)c  Jj;jgg|  p- Value  J|j| 

Low  158  205.9  205.7 

Medium  159  215.1  215.1 

High  159  217.9  218.2 

0.017  0.129  (0.046)  0.005 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  cholesterol  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  ADJUSTED 

1 1||  Initial  Dioxin  Category  Summary  Statistics  *  | 

f  J*|  Analysis  Results  for  Log2  (Initial  Dioxin)  |  gj:  1 f 

Initial  Dioxin  n  Adj.  Mean® 

R2  7:  (Std. Error)1’  p-Value 

Low  158  209.0 

Medium  158  215.9 

High  157  217.4 

0.044  0.083  (0.054)  0.122 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  cholesterol  versus  Iog2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-24.  Analysis  of  Cholesterol  (mg/dl)  ( Continuous )  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category 

Adj.  Meanab 

Difference  of  Adj.  Mean 

Ip  p  vs.  Comparisoiis  Jill 
(95%  C.I.)C  : 

p-Valued 

Comparison 

1,194 

211.7 

211.7 

Background  RH 

376 

209.4 

208.8 

-2.9  - 

0.183 

Low  RH 

236 

209.1 

209.3 

-2.4  - 

0.351 

High  RH 

240 

216.8 

217.4 

5.7  - 

0.032 

Low  plus  High  RH 

476 

213.0 

213.4 

1.7  - 

0.422 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


§gjgj||^ 

,  n  ■ 

;g|; J.  •  Adj.-Mean8;!#:;? ' 

Difference,  of  Adj  .  Mean 
vs.  Comparisons 
(95%  C.I.)b 

mmm 

Comparison 

1,193 

212.9 

Background  RH 

374 

211.0 

-1.9  - 

0.392 

Low  RH 

235 

210.6 

-2.3  - 

0.389 

High  RH 

238 

217.3 

4.4  - 

0.115 

Low  plus  High  RH 

473 

214.0 

1.1  - 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Di 

"'in  C.ilcgory  Sum 

wmmrnm 

Low 

283 

0.008 

0.077  (0.030)  0.009 

Medium 

285 

206.6 

High 

284 

216.6 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  cholesterol  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


13-76 


Table  13-24.  Analysis  of  Cholesterol  (mg/dl)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary’ Statistics 

Sgjgl  Analysis  Results  f£i|Lbg2  Cfi>87  Dip5dA$®  ijf  ill ' 

1987 

Dioxin  n  Adj.  Mean8  :  ' 

x  ^  i  ^  ^  ;  Adjusted  Slope  1  „  ! 

R2  (Std.  Error)1-  p-Value 

Low  283  214.9 

Medium  283  209.6 

High  281  216.8 

6.023  0.046(0.034)  0.178 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  cholesterol  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  2  analysis  revealed  a  significant  positive  association  between  initial  dioxin  and 
cholesterol  (Table  13-24(c):  slope=0.129,  p=0.005).  After  covariate  adjustment,  the  relation  became 
nonsignificant  (Table  13-24(d):  p=0.122). 

A  significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  was  found  in 
the  unadjusted  Model  3  analysis  of  cholesterol  (Table  13-24(e):  difference  of  means=5.7  mg/dl, 
p=0.032).  The  adjusted  analysis  revealed  no  significant  contrasts  (Table  13-24(f):  p>0. 1 1  for  each 
contrast). 

Model  4  unadjusted  analysis  results  showed  a  significant  association  between  1987  dioxin  and  cholesterol 
in  its  continuous  form  (Table  13-24(g):  slope=0.077,  p=0.009).  The  adjusted  analysis  results  were 
nonsignificant  (Table  13-24(h):  p=0.178). 

13.2.2.3.15  Cholesterol  ( Discrete ) 

No  significant  difference  between  Ranch  Hands  and  Comparisons  was  revealed  in  either  the  unadjusted  or 
adjusted  Model  1  analysis  of  cholesterol  (Table  13-25(a,b):  p>0.16  for  each  contrast). 


Table  13-25.  Analysis  of  Cholesterol  (Discrete) 


(a)  MODEL  1: 

- UNADJUSTED  ^  |  *  fj 

Hp  Est.  Relative  Risk 
:  (95%  C.I.) 

All 

Ranch  Hand 

859 

130  (15.1) 

1.03(0.81,1.31) 

0.826 

Comparison 

1,231 

182  (14.8) 

Officer 

Ranch  Hand 

340 

39(11.5) 

0.80  (0.53,1.22) 

0.310 

Comparison 

490 

68  (13.9) 

Enlisted  Flyer 

Ranch  Hand 

150 

22  (14.7) 

0.96  (0.53,1.77) 

0.905 

Comparison 

185 

28(15.1) 

Enlisted 

Ranch  Hand 

369 

69(18.7) 

1.26  (0.89,1.78) 

0.198 

Groundcrew 

Comparison 

556 

86  (15.5) 
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Table  13-25.  Analysis  of  Cholesterol  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category 

(95%  C.L) 

llilll  p- Value 

All 

1.04(0.82,1.34) 

0.726 

Officer 

0.80  (0.53,1.23) 

0.312 

Enlisted  Flyer 

1.00(0.54,1.83) 

0.993 

Enlisted  Groundcrew 

1.28(0.90,1.82) 

0.167 

-  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

iiiiiiifiiiiiiii 

Number  (%) 

Estimated  Relative  Risk 

High 

;;  ;  7  (95%  C.I.)b  ; 

p-Value 

Low 

158 

19  (12.0) 

1.21  (1.01,1.45) 

Medium 

159 

31  (19.5) 

High 

159 

32  (20.1) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  -  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log*  (Initial  Dioxin) 

473 _ 1.23  (0.99,1.52) _ 0.062 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

.  n 

Number  (%) 

High 

if  Est  Relative  Risk  ffffi 
.  ;  (95%C.I.rb 

Comparison 

1,194 

177  (14.8) 

Background  RH 

376 

48  (12.8) 

0.80  (0.56,1.12) 

0.195 

Low  RH 

236 

34  (14.4) 

0.98  (0.66,1.46) 

0.915 

High  RH 

240 

48  (20.0) 

1.51  (1.06,2.16) 

0.023 

Low  plus  High  RH 

476 

82(17.2) 

1.22  (0.91,1.63) 

0.183 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-25.  Analysis  of  Cholesterol  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

>/i :!  Adjusted  Relative  Risk  1 1  §jj |1 1 
(95%  C.I.)a 

p- Value 

Comparison 

1,193 

Background  RH 

374 

0.85  (0.60,1.21) 

0.379 

Low  RH 

235 

1.01  (0.68,1.51) 

0.964 

High  RH 

238 

1.41  (0.97,2.04) 

0.071 

Low  plus  High  RH 

473 

1.19(0.89,1.60) 

0.240 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  High 

(95%  C.I.)a  p-Value  ' 

Low  283  40(14.1) 

Medium  285  32(11.2) 

High  284  58  (20.4) 

1.15(1.02,1.30)  0.025 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -ADJUSTED 

Adjusted  Relative  Risk 

;  .  n  (95%C.I.)a  ;  .  '  ■  p- Value 

847  1.08  (0.93 |l  24)  0.312 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  found  a  significant  association  between  cholesterol  and  initial  dioxin 
(Table  13-25(c):  Est.  RR=1.21,  p=0.036).  Similarly,  the  adjusted  Model  2  analysis  was  marginally 
significant  (Table  13-25(d):  Adj.  RR=1.23,  p=0.062).  The  percentages  of  participants  with  high 
cholesterol  levels  in  the  low,  medium,  and  high  initial  dioxin  categories  were  12.0,  19.5,  and  20.1, 
respectively. 

The  Model  3  unadjusted  analysis  of  cholesterol  revealed  a  significant  difference  between  Ranch  Hands  in 
the  high  dioxin  category  and  Comparisons  (Table  13-25(e):  Est.  RR=1.51,  p=0.023)  and  a  marginally 
significant  difference  in  the  adjusted  analysis  (Table  13-25(f):  Adj.  RR=1.41,  p=0.071).  The  percentage 
of  Ranch  Hands  in  the  high  dioxin  category  was  20.0  versus  14.8  in  the  Comparison  category. 

The  Model  4  unadjusted  analysis  showed  a  significant  relation  between  1987  dioxin  and  cholesterol  level 
(Table  13-25(g):  Est.  RR=1.15,  p=0.025).  After  adjusting  for  covariates,  the  results  became 
nonsignificant  (Table  13-25(h):  p=0.312). 
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13.2.2.3.16  HDL  Cholesterol  ( Continuous ) 

The  unadjusted  Model  1  analysis  of  HDL  cholesterol  showed  no  group  difference  between  Ranch  Hands 
and  Comparisons  (Table  13-26(a):  p>0.24  for  each  analysis).  Although  the  adjusted  analysis  showed  no 
overall  group  difference,  stratifying  by  occupation  revealed  a  marginally  significant  difference  between 
Ranch  Hands  and  Comparisons  among  the  enlisted  flyer  stratum  (Table  13-26(b):  difference  of 
means=2.29  mg/dl,  p=0.078).  The  adjusted  mean  HDL  cholesterol  level  for  enlisted  flyers  in  the  Ranch 
Hand  group  was  47.56  mg/dl  versus  45.28  mg/dl  for  the  enlisted  flyers  in  the  Comparison  group.  Models 
2  and  3  unadjusted  and  adjusted  analyses  showed  no  significant  relations  between  dioxin  and  HDL 
cholesterol  (Table  13-26(c— f):  p>0.13  for  each  analysis). 

The  unadjusted  Model  4  analysis  revealed  a  significant  association  between  1987  dioxin  and  HDL 
cholesterol  (Table  13-26(g):  slope=-0.023,  pcO.OOl).  Similarly,  the  adjusted  Model  4  analysis  results 
were  significant  (Table  13-26(h):  adjusted  slope=-0.014,  p=0.037).  Both  analyses  showed  a  decrease  in 
HDL  cholesterol  levels  as  1987  dioxin  increased.  The  adjusted  mean  HDL  cholesterol  levels  were  49.22 
mg/dl,  46.80  mg/dl,  and  46.31  mg/dl  in  the  low,  medium,  and  high  1987  dioxin  categories,  respectively. 


Table  13-26.  Analysis  of  HDL  Cholesterol  (mg/dl)  (Continuous) 

||j| 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

f  Occupational  | 

n  ,  J 

;  -Mean*  • 

Difference  of  Means  ff 
(95%  C.I.)" 

flf  ■  :■  p- Valued 

AU 

Ranch  Hand 

858 

44.97 

0.13  - 

0.805 

Comparison 

1,230 

44.84 

Officer 

Ranch  Hand 

340 

46.64 

-0.04  - 

0.965 

Comparison 

489 

46.68 

Enlisted  Flyer 

Ranch  Hand 

149 

45.07 

1.49  - 

0.240 

Comparison 

185 

43.58 

Enlisted 

Ranch  Hand 

369 

43.44 

-0.25  - 

0.739 

Groundcrew 

Comparison 

556 

43.69 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1: 

RAtiCH  HANDS  VS,  feOl^pA^lSfNS  -  ADJUSTED 

Occupatioiial 

n 

(95%  C.r.l" 

AU 

Ranch  Hand 

853 

47.08 

0.28 - 

0.600 

Comparison 

1,228 

46.81 

Officer 

Ranch  Hand 

340 

48.76 

-0.10- 

0.907 

Comparison 

488 

48.86 

Enlisted  Flyer 

Ranch  Hand 

147 

47.56 

2.29  - 

0.078 

Comparison 

184 

45.28 

Enlisted 

Ranch  Hand 

366 

45.68 

-0.13- 

0.866 

Groundcrew 

Comparison 

556 

45.81 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-26.  Analysis  of  HDL  Cholesterol  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin 

Adj.  Meanab 

R2 

(Std.  Error)c  p- Value 

Low 

157 

45.03 

44.73 

0.053 

-0.009(0.009)  0.312 

Medium 

159 

43.33 

High 

159 

43.32 

43.64 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANPS  -  INITIAL  DIOXIN -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean4* 

Adj.  Slope 

R2  (Std.  Error)1’  p-Value 

Low  157  46.09 

Medium  158  44.96 

High  157  46.38 

0.132  0.005  (0.010)  0.625 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


|fi)r^[6pEL3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^  ^ADJUSTED 


■  '  .  '  ■'  '  .  ■  :  '  ■  _  '  '  \  '  ■  '  *  .  ■  •  •  • 

r  ^  1 

illiSlliii! 

.§k|  Adj.  Meanab 

■  ( |  Difference.  1  : 

f  Wi  vs.  Comparisons  '  $. 

llKlifti 

Comparison 

1,193 

44.75 

44.79 

Background  RH 

376 

46.34 

45.54 

0.75  - 

Low  RH 

235 

44.98 

45.23 

0.44  - 

High  RH 

240 

42.83 

43.58 

-1.21- 

Low  plus  High  RH 

475 

43.88 

44.39 

-0.40  - 

0.519 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-26.  Analysis  of  HDL  Cholesterol  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


;!  ■  iiijr ; 

Adj.  Mean8 

Difference  of  Adj.  Mean 
vs.  Comparisons 

p-Va!uec 

Comparison 

1,192 

46.77 

Background  RH 

374 

47.11 

0.34  - 

0.628 

Low  RH 

234 

47.10 

0.33  - 

0.687 

High  RH 

238 

46.77 

0.00  - 

0.999 

Low  plus  High  RH 

472 

46.93 

0.16- 

0.795 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1 1|| : |  AnalysisResuits  for  Logs  |l|%7  Dioxim+i}; 

1987  Dioxin  n  Mean8 

R2  (Std.  Error)**  p-Value 

Low  283  47.12 

Medium  284  44.60 

High  284  43.23 

0.016  -0.023  (0.006)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1987 

*  i  Dioxin  AdJ.fMel^l' 

RJ  (S(d.  Krrorlb  p- Value 

Low  283  49.22 

Medium  282  46.80 

High  281  46.31 

0.081  -0.014(0.007)  0.037 

a  Transformed  from  natural  logarithm  scale. 

L 

Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


13. 2. 2.3.17  HDL  Cholesterol  ( Discrete ) 

All  Model  1  analyses  of  HDL  cholesterol  in  its  discrete  form  were  nonsignificant  (Table  13-27 (a, b): 
p>0.42  for  each  analysis). 


13-82 


The  association  between  initial  dioxin  and  HDL  cholesterol  examined  in  the  unadjusted  Model  2  analysis 
revealed  nonsignificant  results  (Table  13-27(c):  p=0.249).  After  adjusting  for  covariates,  a  significant 
association  was  shown  (Table  13-27(d):  Adj.  RR=0.72,  p=0.029).  The  percentages  of  low  HDL 
cholesterol  levels  in  the  low,  medium,  and  high  initial  dioxin  categories  were  8.3,  10.1,  and  5.7, 
respectively. 


Table  13-27.  Analysis  of  HDL  Cholesterol  (Discrete) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 

Itlli®!!  ill 

Est.  Relative  Risk 

Category 

Group 

(95%  C.I.) 

p-Value 

AU 

Ranch  Hand 

858 

71  (8.3) 

1.14(0.83,1.58) 

0.421 

Comparison 

1,230 

90  (7.3) 

Officer 

Ranch  Hand 

340 

19  (5.6) 

1.15(0.62,2.13) 

0.664 

Comparison 

489 

24  (4.9) 

Enlisted  Flyer 

Ranch  Hand 

149 

16  (10.7) 

1.12(0.55,2.27) 

0.762 

Comparison 

185 

18  (9.7) 

Enlisted 

Ranch  Hand 

369 

36  (9.8) 

1.14  (0.73,1.80) 

0.561 

Groundcrew 

Comparison 

556 

48  (8.7) 

(l>)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Vt<(  ->c\f  •/;;  | 

Adjusted  Relative  Risk 

mm  Occupational  Category 

(95%  C.I.) 

AU 

1.13  (0.81,1.57) 

0.473 

Officer 

1.15  (0.62,2.15) 

0.650 

Enlisted  Flyer 

0.98  (0.47,2.04) 

0.957 

Enlisted  Groundcrew 

1.18(0.74,1.87) 

0.483 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - UNADJUSTED 

,jp;  Jf.  Analysis  Results  for  Log2  (Initial  Dioxin)8  | ! 

Jj||jj  Initial  If  f§  §  1|  §|j||  S  ||S| p | ^  jf |t| ||| 

Dioxin  n  Low 

Sij  Estimated  Relative  Risk  !  I  s  f 

fW'f  C.I.)1,  p-Vaiuc 

Low  157  13  (8.3) 

Medium  159  16  (10.1) 

High  159  9  (5.7) 

0.86(0.66,1.12)  0.249 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


V';> *>'''■ 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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'  Table  13-27.  Analysis  of  HDL  Cholesterol  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%)  Est  Relative  Risk 

||MDM%^ategdiy:::  ;  J jfj§ 

n 

:  Low  (95%  C.I.)ab 

p-Value 

Comparison 

1,193 

88  (7.4) 

Background  RH 

376 

33(8.8)  1.35(0.88,2.05) 

0.170 

Low  RH 

235 

19(8.1)  1.07(0.64,1.80) 

0.798 

High  RH 

240 

19(7.9)  0.98(0.58,1.65) 

0.937 

Low  plus  High  RH 

475 

38(8.0)  1.02(0.69,1.53) 

0.910 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

©  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Adjusted  Relative  Risk 

H  |§pMixin 

(95%  C.I.)3  V  ;;:'-  ; 

p-Value 

Comparison 

1,192 

Background  RH 

374 

1.57(1.00,2.45) 

0.049 

Low  RH 

234 

1.09  (0.64,1.84) 

0.761 

High  RH 

238 

0.80  (0.47,1.37) 

0.416 

Low  plus  High  RH 

472 

0.93  (0.62,1.40) 

0.731 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


f '(gy^PgpL*;  HANDS  - 

| | f  ?  1987  Dioxin  CategorySummary  Statistics 1 j§{  1 

,  Analysis  Results  for  Log2  (1987  Dioxin  4 1)|,' |T  j;  if H  $ 

1 1  *  l9j$7  |||||j  ®|  |  fj|  jj§ 1 1 i§  ^  jj  Number  j|fpt  || 

}|  j$J  Dioxin  jj  ,  >  b  *  n  jj|||I|^ 

Ilf  |®i:  :  ®  3^311- !? i 

0.92  (0.78,1.09)  0.349 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED _ ••  "  ,  ■  '  ■  ,  , 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

{‘-<M  _ (95%  c.pa _  p-Vaiue 

_ 846 _ 0.82  (0.68,0.98) _ 0.029 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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The  unadjusted  Model  3  analysis  of  HDL  cholesterol  did  not  show  any  of  the  Ranch  Hand  categories  to 
be  significantly  different  from  the  Comparison  group  (Table  13-27(e):  p>0.17  for  all  contrasts).  In  the 
adjusted  analysis,  a  significant  difference  between  Comparisons  and  Ranch  Hands  in  the  background 
dioxin  category  was  revealed  (Table  13-27(f):  Adj.  RR=1.57,  p=0.049).  The  percentage  of  low  HDL 
cholesterol  values  among  Ranch  Hands  in  the  background  dioxin  category  was  8.8  percent  versus  7.4 
percent  for  Comparisons. 

The  unadjusted  Model  4  analysis  showed  nonsignificant  results  (Table  13-27(g):  p=0.349).  After 
covariate  adjustment,  a  significant  inverse  relation  between  HDL  cholesterol  and  1987  dioxin  level  was 
shown  (Table  13-27(h):  Adj.  RR=0.82,  p=0.029).  The  percentages  of  low  HDL  cholesterol  values  in  the 
low,  medium,  and  high  1987  dioxin  categories  were  8.1,  9.5,  and  7.4,  respectively. 

13.2.2.3. 18  Cholesterol- HDL  Ratio  ( Continuous ) 

The  unadjusted  Model  1  analysis  of  the  cholesterol-HDL  ratio  did  not  disclose  a  significant  difference 
between  Ranch  Hands  and  Comparisons  (Table  13-28(a):  p>0.15  for  all  contrasts).  The  adjusted  analysis 
showed  no  significant  difference  between  Ranch  Hands  and  Comparisons  combined  across  all 
occupations.  Stratifying  the  analysis  by  occupation  revealed  a  marginally  significant  group  difference  for 
the  enlisted  flyers  (Table  13-28(b):  difference  of  adjusted  means--0.27,  p=0.051).  Within  the  enlisted 
flyer  stratum,  the  mean  cholesterol-HDL  ratio  was  lower  for  the  Ranch  Hands  than  for  the  Comparisons 
(4.49  versus  4.76). 


Table  13-28.  Analysis  of  Cholesterol-HDL  Ratio  (Continuous) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

mum 

|  Occupational 

Group 

Difference  of  Means 
(95%  C.I.)b  v 

linn 

All 

Ranch  Hand 

858 

4.66 

-0.02  ~ 

0.723 

Comparison 

1,230 

4.68 

Officer 

Ranch  Hand 

340 

4.39 

-0.07  - 

0.425 

Comparison 

489 

4.46 

Enlisted  Flyer 

Ranch  Hand 

149 

4.72 

-0.21  ~ 

0.155 

Comparison 

185 

4.93 

Enlisted 

Ranch  Hand 

369 

4.90 

0.10- 

0.282 

Groundcrew 

Comparison 

556 

4.81 

Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-28.  Analysis  of  Cholesterol-HDL  Ratio  (Continuous)  (Continued) 


(b)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

illlpiliflili 

Adj.  Meana 

Difference  of  Adj.  Mearis  • 
(95%  C.I.)b  J  l|Hi8 

p- Value0 

All 

Ranch  Hand 

853 

4.48 

-4.03- 

0.546 

Comparison 

1,228 

4.51 

Officer 

Ranch  Hand 

340 

4.21 

-0.06  - 

0.446 

Comparison 

488 

4.27 

Enlisted  Flyer 

Ranch  Hand 

147 

4.49 

-0.27  - 

0.051 

Comparison 

184 

4.76 

Enlisted 

Ranch  Hand 

366 

4.67 

0.08  - 

0.316 

Groundcrew 

Comparison 

556 

4.58 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  R. 

\NOH  IL\; 

SDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)ta 

fyf.n  l  j | 

Mean8 

Adj.  Meanab 

R2  (Sid.  Error)0 

llPlIllilllSgifj 

Low 

157 

4.52 

4.55 

0.055  0.028  (0.009) 

0.003 

Medium 

159 

4.92 

4.93 

Jii£h _ 

159 

4.99 

4.96 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

i-t 1  ( x  ¥  Analysis  Results  forLog2  (Initial  Didxin)  jjfJ  ■  1  ■-( 

-.vjnitialipipixin  iffjff 

tfHaHki 

Adj.  Slope 

j| ,  (Std.Error)1*  |i 

Low 

Medium 

High 

157  4.49 

158  4.77 

157  4.66 

0.118 

0.007(0.011)  0.499 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (initial  dioxin). 
Note:  Low  -  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-28.  Analysis  of  Cholesterol-HDL  Ratio  (Continuous)  (Continued) 


■(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


n 

Mean0 

Adj.  Meanab  j 

Difference  of  Adj.  Mean 
vs.  Comparisons 
(95%  C.I.)C 

p-Valued 

Comparison 

1,193 

4.69 

4.69 

Background  RH 

376 

4.49 

4.55 

-0.14- 

0.068 

Low  RH 

235 

4.58 

-0.11  - 

0.220 

High  RH 

240 

5.02 

4.95 

0.26  - 

0.005 

Low  plus  High  RH 

475 

4.81 

4.76 

0.07  - 

0.282 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n 

Difference  of  Adj.  Mean 
vs.  Comparisons  fl 
(95%  ci.)h  : 

p-Valuec 

Comparison 

1,192 

4.52 

Background  RH 

374 

4.45 

-0.07  - 

Low  RH 

234 

4.43 

-0.09  - 

0.289 

High  RH 

238 

4.61 

0.09  - 

Low  plus  High  RH 

472 

4.52 

0.00  - 

0.978 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  me^ns  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


fjpjf  I987pibxin  Category^Summary  Statistics  ^5|; 

| fS|J§j  'AnalM^P^ilfefor-L0g2\J9$7 Dioxin | ? )\l 

4  l987  Dioxin  '  |jj p| §£  |  ilill -  M^o*  S 

Low  283  4.44 

Medium  284  4.59 

High  284  4.97 

0.030  0.033  (0.007)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-28.  Analysis  of  CholesteroI-HDL  Ratio  (Continuous)  (Continued) 


|  (h)  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED  ;  ^  ! 

1987  Dioxin  Category  Summary  Statistics 

1987 

'K*  Dioxin  ^  C  , ”*///“  A&j.  Mean®, 

IPili  fl§  1 1  1  Adjusted  Slope  !®S  ? 1 1  pit  1  fp 

R2  (Std.  Error)"  p- Value 

Low  283  4.34 

Medium  282  4.44 

High  281  4.65 

0.074  0.021  (0.007)  0.006 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  significant  association  between  initial  dioxin  and  the  cholesterol-HDL  ratio  was  seen  in  the  Model  2 
unadjusted  analysis  (Table  13-28(c):  slope=0.028,  p=0.003).  The  adjusted  analysis  results  were 
nonsignificant  (Table  13-28(d):  p=0.499). 

The  unadjusted  Model  3  analysis  revealed  significant  differences  between  Ranch  Hands  in  the 
background  category  and  Comparisons,  as  well  as  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons  (Table  13-28(e):  difference  of  means=-0.14,  p=0.068;  difference  of  means=0.26,  p=0.005, 
respectively).  The  adjusted  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  (Table  13-28(f):  p>0.28  for  each  analysis). 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  significant  positive  associations  between 
1987  dioxin  and  the  cholesterol-HDL  ratio  (Table  13-28(g,h):  slope=0.033,  pcO.OOl,  for  unadjusted 
analysis;  adjusted  slope=0.021,  p=0.006,  for  adjusted  analysis).  The  mean  cholesterol-HDL  ratio  values 
after  covariate  adjustment  in  the  low,  medium,  and  high  1987  dioxin  categories  were  4.34,  4.44,  and  4.65, 
respectively. 

13.2.2.3. 19  Cholesterol-HDL  Ratio  ( Discrete ) 

The  unadjusted  Model  1  analysis  of  the  cholesterol-HDL  ratio  in  its  dichotomized  form  did  not  reveal  a 
significant  difference  between  Ranch  Hands  and  Comparisons  overall  or  stratified  by  occupation  (Table 
13-29(a):  p>0.13  for  all  unadjusted  contrasts).  No  significant  overall  group  difference  was  found 
between  all  Ranch  Hands  and  Comparisons  in  the  adjusted  analysis.  After  stratifying  the  adjusted 
analysis  by  occupation,  a  marginally  significant  group  difference  among  the  enlisted  flyers  was  revealed 
(Table  13-29(b):  Adj.  RR=0.67,  p=0.075).  The  percentage  of  Ranch  Hand  enlisted  flyers  with  high 
cholesterol-HDL  ratios  was  38.9  percent  versus  47.0  percent  for  Comparison  enlisted  flyers. 
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Table  13-29,  Analysis  of  Cholesterol-HDL  Ratio  (Discrete) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Iff  Number  (%)  1 

iiiiiiijssi*! 

Est  Relative  Risk 
|j|®!  (95%  CX)  fgjjggf 

All 

Ranch  Hand 

858 

356(41.5) 

1.02  (0.85,1.22) 

0.843 

Comparison 

1,230 

505  (41.1) 

Officer 

Ranch  Hand 

340 

1 14  (33.5) 

1.08  (0.80,1.45) 

0.623 

Comparison 

489 

156  (31.9) 

Enlisted  Flyer 

Ranch  Hand 

149 

58  (38.9) 

0.72  (0.46,1.11) 

0.138 

Comparison 

185 

87  (47.0) 

Enlisted 

Ranch  Hand 

369 

184  (49.9) 

1.12(0.86,1.45) 

0.414 

Groundcrew 

Comparison 

556 

262  (47.1) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 
(95%  C.I.) 

All 

1.01  (0.85,1.22) 

0.878 

Officer 

1.09  (0.81,1.47) 

0.563 

Enlisted  Flyer 

0.67  (0.43,1.04) 

0.075 

Enlisted  Groundcrew 

1.11(0.85,1.45) 

0.436 

T;  INITIA 

L  DIQXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Sta 

1  'Analysis  Results  for 'Log2  (Initial  Dio|ift)ft' ^  { ) 

!  ^  ^ TnitlalT  I  V  *  I”  rt  Muj^ifofc  injury  \  \ ! 

Dioxin  n  High 

;  (95%  C.I.)1’  p-Value 

Low  157  54  (34.4) 

Medium  159  77  (48.4) 

High  159  85  (53.5) 

1.25(1.09,1.45)  0.002 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

•-  ■  n  ■  •  •  ~  ;  :  (95%  C.I.)a  ~  ■  ’  ;  ,  •  ~  '  p-Value 

_ £72 _ 1.08  (0.91 ,1.28) _ 0,378 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-29.  Analysis  of  Cholesterol-HDL  Ratio  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

"  n  ;  ■' 

Number  (%) 

High 

-  f ,  Est.  Relative  Risk  | 

:  (95%  c.i.)ab  : 

p- Value 

Comparison 

1,193 

492(41.2) 

Background  RH 

376 

136  (36.2) 

0.88(0.69,1.13) 

0.321 

Low  RH 

235 

86  (36.6) 

0.80  (0.60,1.07) 

0.135 

High  RH 

240 

130  (54.2) 

1.57(1.18,2.08) 

0.002 

Low  plus  High  RH 

475 

216  (45.5) 

1.12(0.90,1.40) 

0.295 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 


Adjusted  Relative  Risk 

Dioxin  Category  n  (95%  C.I.)a  p-Value 


Comparison 

1,192 

Background  RH 

374 

1.00  (0.77,1.28) 

0.982 

Low  RH 

234 

0.83  (0.61,1.12) 

0.221 

High  RH 

238 

1.26  (0.93,1.69) 

0.133 

Low  plus  High  RH 

472 

1.02(0.82,1.28) 

0.849 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

|§|!!§g  1987Dioxjn  Category  Summary  Statistics  |jj|| 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)  i  o 

1987  Number  (%) 

||i  Dioxin  ||jj  jjj  n  |JfvE:  \  | 

Low  283  104  (36.7) 

Medium  284  98  (34.5) 

High  284  150  (52.8) 

1.22(1.11,1.34)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-29.  Analysis  of  Cholesteroi-HDL  Ratio  (Discrete)  ( Continued ) 


(K)  MODEL  4:  DIOXIN- ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
„  f  ^  f  |  Adjusted  Relative  Risk  - 


p- Value 


846 


1.13  (1.01,1.26) 


0.025 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  significant  positive  association  between  the  cholesterol-HDL  ratio  and  initial  dioxin  was  shown  in  the 
unadjusted  Model  2  analysis  (Table  13-29(c):  Est.  RR=1.25,  p=0.002).  After  adjustment  for  covariates, 
the  analysis  results  were  nonsignificant  (Table  13-29(d):  p=0.378). 

The  Model  3  unadjusted  analysis  of  the  cholesterol-HDL  ratio  revealed  a  significant  difference  between 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  13-29(e):  Est.  RR=1.57,  p=0.002).  All 
contrasts  between  the  Ranch  Hand  categories  and  Comparisons  were  nonsignificant  in  the  adjusted 
analysis  (Table  13-29(f):  p>0.13  for  each  contrast). 

The  unadjusted  and  adjusted  Model  4  analyses  each  revealed  a  significant  relation  between  1987  dioxin 
and  cholesterol-HDL  ratio  (Table  13-29(g,h):  Est.  RR=1.22,  p<0.001,  for  the  unadjusted  analysis;  Adj. 
RR=1.13,  p=0.025,  for  the  adjusted  analysis).  The  percentages  of  participants  with  high  cholesterol-HDL 
ratios  in  the  low,  medium,  and  high  1987  dioxin  categories  were  36.7,  34.5,  and  52.8,  respectively. 

13.2.2.3.20  Triglycerides  (Continuous) 

No  significant  associations  with  dioxin  were  shown  in  all  Model  1  and  2  analyses  (Table  13-30(a-d): 
p>0.10  for  each  analysis). 

The  unadjusted  Model  3  analysis  showed  a  significant  difference  between  Ranch  Hands  in  the  high  dioxin 
category  and  Comparisons,  as  well  as  between  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined  and  Comparisons  (Table  13-30(e):  difference  of  means=20.1  mg/dl,  p<0.001;  difference  of 
means=9.4  mg/dl,  p=0.023,  respectively). 


Table  13-30.  Analysis  of  Triglycerides  (mg/dl)  (Continuous) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPA^ONS  -  UNADJUSTED  ^ 

f  t  Difference  of  Means 
(95%  C.I.)b  f 

All 

Ranch  Hand 

858 

122.8 

2.1  - 

0.539 

Comparison 

1,231 

120.7 

Officer 

Ranch  Hand 

339 

114.9 

3.2  - 

0.523 

Comparison 

490 

111.7 

Enlisted  Flyer 

Ranch  Hand 

150 

123.9 

-13.8  - 

0.122 

Comparison 

185 

137.7 

Enlisted 

Ranch  Hand 

369 

130.0 

6.4  - 

0.230 

Groundcrew 

Comparison 

556 

123.6 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-30.  Analysis  of  Triglycerides  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

;.'^OecjBpafianal|; 

SSlSIiSiilil 

Group 

Adj.  Mean8 

Difference  of  Adj.  Means 
(95%  C.I.)b 

p-Valuec 

AU 

Ranch  Hand 

853 

107.4 

1.8 - 

0.546 

Comparison 

1,229 

105.6 

Officer 

Ranch  Hand 

339 

100.3 

3.2  - 

0.458 

Comparison 

489 

97.1 

Enlisted  Flyer 

Ranch  Hand 

148 

107.0 

-12.4  - 

0.109 

Comparison 

184 

119.5 

Enlisted 

Ranch  Hand 

366 

110.5 

5.3  - 

0.239 

Groundcrew 

Comparison 

556 

105.2 

1  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b  ||  f 

Initial  Dioxin  n  Mean8  Adj,  Meanab 

111! 

R2 

Slope 

|  (Std.  Error)c  |  1 1  p- Value  j;  j  |  f 

Low  158  117.3  118.6 

Medium  159  141.9  142.0 

High  159  141.0  139.4 

0.025 

0.033  (0.023)  0.140 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

||||  I«dtlaI  Di0xin  Category  SummaryStatistics  g|!  1 

Analysis  Results  for  Log2  (Initial  Dioxin) 

x  Initial  Dioxin  }  §f||J  n  §j|jtgf 

.  R2  :  ; (Std.  Error)6  p-Valuc 

Low  158  106.9 

Medium  158  123.9 

High  157  118.4 

0.055  0.006  (0.027)  0.830 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-30.  Analysis  of  Triglycerides  (mg/dl)  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

Adj.  Meanab 

Difference  of  Adj.  Mean 
;  VS.  Comparisons 
(95%C;I.)C 

p-Valued 

Comparison 

1,194 

120.6 

120.3 

Background  RH 

375 

110.3 

114.5 

-5.8  - 

0.172 

Low  RH 

236 

121.0 

119.7 

-0.6  - 

0.897 

High  RH 

240 

145.8 

140.4 

20.1  - 

<0.001 

Low  plus  High  RH 

476 

132.9 

129.7 

9.4  - 

0.023 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


<1)  MODKD  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

I  Differeiice'of  Adj.Mean  I 

fifi 

1  ifcplwl  Comparisons'  i$|i|  | 

Dioxin  Category 

.  v  ■  Adj.  Mean8 

(95%  C.I.)b 

p-Valuec 

Comparison 

1,193 

105.9 

Background  RH 

373 

103.2 

-2.7  - 

0.483 

Low  RH 

235 

107.0 

1.1- 

0.820 

High  RH 

238 

118.2 

12.3  - 

0.013 

Low  plus  High  RH 

473 

112.5 

6.6  - 

0.070 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)'MPPEL4:  RA^CHHA^DS-lg^MoX#*- UNADJUSTED  'Mi  >]  I  *  Ll«*  ' 

l  §f|  J|  v JJ|9^^oxin’Categoi^"Suni^ry^^istiSviJJ|v^ 

|,f§| ..  Analysis  Results  for:  Lp0(l987  D^pnH)?  J  * } , 

S !  i  '  ‘ 1  ,  Mean*  .  >■ 

JPt^aN  V. 

Low  282  109.2 

Medium  285  118.3 

High  284  141.9 

0.028  0.072  (0.015)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-30.  Analysis  of  Triglycerides  (mg/dl)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

; 

-  ■■■  ■■■■:■!■  ..  ■  -  .. 

|§  J||fl|  |  1987  pioxm  Category  Summary  Statistics  |||p{ 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Dioxin  n  Adj.  Mean3 

Adjusted  Slope 

R:  <St(I.  Error)1*  p- Value 

Low  282  96.3 

Medium  283  105.7 

High  281  122.9 

0.041  0.063  (0.017)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  adjusted  Model  3  analysis  of  triglycerides  revealed  the  same  two  significant  contrasts:  Ranch  Hands 
in  the  high  dioxin  category  versus  Comparisons  (Table  13-30(f):  difference  of  adjusted  means=12.3 
mg/dl,  p=0.013)  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  versus  Comparisons 
(difference  of  adjusted  means=6.6  mg/dl,  p=0.070).  The  adjusted  mean  levels  of  triglycerides  for  Ranch 
Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and 
Comparisons  were  118.2  mg/dl,  112.5  mg/dl,  and  105.9  mg/dl,  respectively. 

The  Model  4  unadjusted  and  adjusted  analyses  both  showed  significant  relations  between  1987  dioxin  and 
triglycerides  (Table  13~30(g,h):  slope=0.072,  p<0.001,  for  the  unadjusted  analysis;  adjusted  slope=0.063, 
p<0.001,  for  the  adjusted  analysis).  The  adjusted  mean  triglyceride  levels  in  the  low,  medium,  and  high 
1987  dioxin  categories  were  96.3  mg/dl,  105.7  mg/dl,  and  122.9  mg/dl,  respectively. 

13.2.2.3.21  Triglycerides  ( Discrete ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  triglycerides  in  their  discrete  form  showed  no  overall 
group  differences  (Table  13-31(a,b):  p>0.31  for  each  analysis).  After  stratifying  by  occupation, 
significant  group  differences  were  noted  within  the  enlisted  groundcrew  stratum  for  both  the  unadjusted 
and  adjusted  analyses  (Table  13-31(a,b):  Est.  RR=1.36,  p=0.052;  Adj.  RR=1.37,  p=0.047,  respectively). 
Among  the  enlisted  groundcrew,  26.6  percent  of  the  Ranch  Hands  had  high  triglyceride  levels  versus  21.0 
percent  of  the  Comparisons. 


Table  13-31.  Analysis  of  Triglycerides  (Discrete) 


li^l^Qllitional ;■  f 

Category 

%  n 

All 

Ranch  Hand 

858 

188  (21.9) 

1.10  (0.89,1.36) 

0.377 

Comparison 

1,231 

250  (20.3) 

Officer 

Ranch  Hand 

339 

60  (17.7) 

1.07  (0.74,1.54) 

0.717 

Comparison 

490 

82  (16.7) 

Enlisted  Flyer 

Ranch  Hand 

150 

30  (20.0) 

0.66  (0.39,1.10) 

0.109 

Comparison 

185 

51  (27.6) 

Enlisted 

Ranch  Hand 

369 

98  (26.6) 

1.36(1.00,1.85) 

0.052 

Groundcrew 

Comparison 

556 

117(21.0) 
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Table  13-31.  Analysis  of  Triglycerides  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CJ.)  :: 

p-Value 

All 

1.12  (0.90,1.39) 

0.318 

Officer 

1.10(0.76,1.58) 

0.628 

Enlisted  Flyer 

0.66  (0.39,1.12) 

0.123 

Enlisted  Groundcrew 

1.37(1.00,1.88) 

0.047 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|  Analysis  Results  for  Log2  (Initial  Dioxin)8  J  §j  || 

Initial  Number  (%) 

Dioxin  11  High 

Estimated  Relative  Risk  . 

:  (95%  C.I.)*1  ;  p- Value 

Low  158  37  (23.4) 

Medium  159  45  (28.3) 

High  159  49  (30.8) 

1.09(0.94,1.27)  0.275 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

Adjusted  Relative  Risk 

■  '  «  (95%  CM.)8 

iiiiii 

iKifeiilisils! 

.  -/ ....  V'*'  y-  TOIU1 

473 _ 0.96(0.80,1.15) _ 0.690 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  A.NI)  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est  Relative  Risk 

Dioxin  Category  n  High  (95%  C.I.)ab  p- Value 


Comparison 

1,194 

240  (20.1) 

Background  RH 

375 

53(14.1) 

0.72  (0.52,1.00) 

0.051 

Low  RH 

236 

54  (22.9) 

1.15(0.82,1.62) 

0.411 

High  RH 

240 

77  (32.1) 

1.74(1.27,2.37) 

<0.001 

Low  plus  High  RH 

476 

131  (27.5) 

1.42(1.10,1.82) 

0.006 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-31.  Analysis  of  Triglycerides  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

|||||;{  Dioxin  ^Category .  §l||:  j§| 

f£pgr  iff  ifl 

(95%  CX)a  :  : 

fflf Jif : 

Comparison 

1,193 

Background  RH 

373 

0.79(0.56,1.10) 

Low  RH 

235 

1.24  (0.88,1.76) 

High  RH 

238 

1.55(1.12,2.15) 

Low  plus  High  RH 

473 

1.39(1.07,1.80) 

0.012 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  ^10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


IPilllliSlilJW 

||  }f|  |  Analysis  Results  for  Log2  (1987  Dioxin  +  i)  jij  |Jf|f§| 

1987  Number  (%) 

ISM 

Estimated  Relative  Risk 

(95%CX)a  p-Value 

Low  282  41  (14.5) 

Medium  285  58  (20.4) 

High  284  85  (29.9) 

1.29(1.16,1.44)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  ADJUSTED  " 

Adjusted  Relative  Risk 

:  \  n  (95%C.I.)a  p- Value 

846  1.23(1.09,1.40)  0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  2  unadjusted  and  adjusted  analyses  showed  no  significant  association  between  initial  dioxin 
and  triglycerides  (Table  13-31(c,d):  p>0.27  for  each  analysis).  The  unadjusted  Model  3  analysis  of 
triglycerides  revealed  Ranch  Hands  in  the  background  dioxin  category,  Ranch  Hands  in  the  high  dioxin 
category,  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  each  to  be  significantly 
different  from  the  Comparisons  (Table  13-3 1(e):  Est.  RR=0.72,  p=0.051,  for  the  background  dioxin 
category  contrast;  Est.  RR=1.74,  p<0.001,  for  the  high  dioxin  category  contrast;  and  Est.  RR=1.42, 
p=0.006,  for  the  low  and  high  dioxin  categories  combined  contrast).  The  adjusted  Model  3  analysis 
showed  a  significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons 
(Table  13-3 1(f):  Adj.  RR-1.55,  p=0.009),  as  well  as  a  significant  difference  between  Ranch  Hands  in  the 
low  and  high  dioxin  categories  combined  and  Comparisons  (Adj.  RR=1.39,  p=0.012).  The  percentages  of 
individuals  with  high  triglyceride  levels  among  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in 
the  low  and  high  dioxin  categories  combined,  and  Comparisons  were  32.1, 27.5,  and  20.1,  respectively. 
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The  unadjusted  and  adjusted  Model  4  analyses  each  revealed  a  significant  association  between 
triglycerides  and  1987  dioxin  levels  (Table  13-31(g,h):  Est.  RR=1.29,  pcO.OOl,  for  the  unadjusted 
analysis;  Adj.  RR=1.23,  p=0.001,  for  the  adjusted  analysis).  The  percentages  of  participants  with  high 
levels  of  triglycerides  in  the  low,  medium,  and  high  1987  dioxin  categories  were  14.5,  20.4,  and  29.9, 
respectively. 

13.2. 2. 3. 22  Creatine  Phosphokinase  ( Continuous ) 

All  unadjusted  and  adjusted  analyses  in  Models  1  through  3  showed  no  significant  associations  between 
dioxin  and  creatine  phosphokinase  (Table  13-32(a-f):  p>0.50  for  each  analysis). 


Table  13-32.  Analysis  of  Creatine  Phosphokinase  (U/l)  (Continuous) 


(a)MODEL  If  (COMPARISONS  §j  UNADJUSTED 


j. 

lilSiwiiBli 

Mean8 

Difference  of  Means  |||| 

.  (95%;<f|)g;  llil 

jjj 

All 

Ranch  Hand 

859 

106.3 

0.8- 

0.791 

Comparison 

1,231 

105.5 

Officer 

Ranch  Hand 

340 

105.8 

1.4  - 

0.748 

Comparison 

490 

104.3 

Enlisted  Flyer 

Ranch  Hand 

150 

97.2 

-3.8  - 

0.562 

Comparison 

185 

101.0 

Enlisted 

Ranch  Hand 

369 

110.8 

2.6  - 

0.565 

Groundcrew 

Comparison 

556 

108.2 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Category 

i  |  |  j 

Difference  of  Adj,  Means 
'  (95%  C.I.)b 

liiliteliiif 

All 

Ranch  Hand 

854 

140.3 

i 

• 

Os 

0.809 

Comparison 

1,229 

139.4 

Officer 

Ranch  Hand 

340 

147.7 

2.4  - 

0.696 

Comparison 

489 

145.3 

Enlisted  Flyer 

Ranch  Hand 

148 

131.5 

-4.9  - 

0.568 

Comparison 

184 

136.4 

Enlisted 

Ranch  Hand 

366 

140.2 

1.8- 

0.736 

Groundcrew 

Comparison 

556 

138.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-32.  Analysis  of  Creatine  Phosphokinase  (U/l)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary- Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean8  Adj.  Mean8b 

Slope 

R2  (Std.  Error)c  p-Value 

Low  158  111.8  112.7 

Medium  159  104.0  104.1 

High  159  112.0  111.1 

0.013  0.005(0.021)  0.800 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  creatine  phosphokinase  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

\  f§  |;  Analysis  Results  for  Log2  (Initial  Dioxin)  fj|j  |fj| f| 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

R2  (Std.  Error)b  p- Value 

Low  158  149.8 

Medium  158  139.9 

High  157  143.6 

0.121  -0.004(0.023)  0.871 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  creatine  phosphokinase  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -UNADJUSTED 

■.  Difference  of  Adj.  Mean 


i^f^Dipkin  Category  ^  j|  jfg 

Mean8 

Adj.  Mean** 

&i  vs.  Comparisons  H 

1 1  p- Valued,  i 

Comparison 

1,194 

105.6 

105.4 

Background  RH 

376 

102.7 

105.6 

0.2  - 

Low  RH 

236 

109.1 

108.2 

2.8  - 

High  RH 

240 

109.3 

106.3 

0.9  - 

Low  plus  High  RH 

476 

109.2 

107.2 

1.8  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-32.  Analysis  of  Creatine  Phosphokinase  (U/l)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons  .  * 


■  n  . .  • 

Adj.  Mean® 

p-Valuec 

Comparison 

1,193 

140.2 

Background  RH 

374 

139.5 

-0.7  - 

0.889 

Low  RH 

235 

142.6 

2.4  - 

0.679 

High  RH 

238 

143.8 

3.6  - 

0.549 

Low  plus  High  RH 

473 

143.2 

3.0  - 

0.503 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(ft)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN 

| v  |  Analysis  Results  for  Log2  (l987  Dibxin  | ; 

1987  Dioxin  n  Mean8 

' i  jW;: . 

|||  ill; ;  § : 

Low  283  99.8 

Medium  285  1 10.6 

High  284  108.7 

0.004  0.024  (0.014)  0.084 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  creatine  phosphokinase  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

jjjjjj  j  J  j  li>87  Dioxin  Category^Summary  Statistics  J  igU 

C'  AnalysisResults  for  Log2  (1987  Dioxin  +  l)h]  l  ^ 

Jj|  Dioxin  ||pgi|f|||  n  |§|JI§J  |f  Adj.  MeanV|  |  ^ 

Low  283  126.6 

Medium  283  141.1 

High  281  143.2 

0.091  0.039  (0.015)  0.011 

a  Transformed  from  natural  logarithm  scale. 

b  - 

Slope  and  standard  error  based  on  natural  logarithm  of  creatine  phosphokinase  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  and  adjusted  Model  4  analyses  each  showed  a  positive  relation  between  1987  dioxin  and 
creatine  phosphokinase,  with  the  unadjusted  slope  marginally  significant  and  the  adjusted  slope 
significant  (Table  13-32(g,h):  slope=0.024,  p=0.084;  adjusted  slope=0.039,  p=0.011).  The  adjusted 
mean  creatine  phosphokinase  levels  in  the  low,  medium,  and  high  1987  dioxin  categories  were  126.6  U/l, 
141.1  U/I,  and  143.2  U/l,  respectively. 
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13.2.2.3.23  Creatine  Phosphokinase  (Discrete) 

All  analyses  of  high  creatine  phosphokinase  levels  in  Models  1  through  3  were  nonsignificant  (Table 
13-33(a-f):  p>0.21  for  each  analysis). 


Table  13-33.  Analysis  of  Creatine  Phosphokinase  (Discrete) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

iiiiiwtt 

II  : J 

Number  (%) 

High 

:  Est  Relative  Risk 
(95%  C.I.) 

li§|S!  p-Value  |l|| 

All 

Ranch  Hand 

859 

72  (8.4) 

0.89  (0.65,1.21) 

0.448 

Comparison 

1,231 

115  (9.3) 

Officer 

Ranch  Hand 

340 

26  (7.6) 

0.84  (0.51,1.39) 

0.497 

Comparison 

490 

44  (9.0) 

Enlisted  Flyer 

Ranch  Hand 

150 

7  (4.7) 

0.55  (0.22,1.40) 

0.212 

Comparison 

185 

15  (8.1) 

Enlisted 

Ranch  Hand 

369 

39  (10.6) 

1.06  (0.69,1.62) 

0.807 

Groundcrew 

Comparison 

556 

56(10.1) 

(b)MODELl: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

jiisted  Relative  Risk 

All 

0.87(0.63,1.20 ) 

0.390 

Officer 

0.84  (0.50,1.41) 

0.519 

Enlisted  Flyer 

0.55(0.21,1.41) 

0.210 

Enlisted  Groundcrew 

1.00(0.63,1.58) 

0.998 

<e>  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Initial  Number  (%) 

|gp;|||g|iini|||j||||j Jljg  i -p'-  i|jt |j||| 

(95%  CA)1’.  ,:l ;  ;  p-Value  ;  ( 

Low  158  16(10.1) 

Medium  159  12  (7.5) 

High  159  17  (10.7) 

1.05(0.83,1.32)  0.698 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

r  Adjusted  Relative  Risk 

•  n  /;  •  '  ■  (95%  C.I.)8  . .  p-Value 

_ 473 _ 1.09  (0.82,1.45) _ 0.542 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-33.  Analysis  of  Creatine  Phosphokinase  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category  n  High  (95%  C.I.)ab 

flilltbK  p- Value  J 

Comparison 

1,194 

111  (9.3) 

Background  RH 

376 

26  (6.9) 

0.81  (0.51,1.26) 

0.345 

Low  RH 

236 

20  (8.5) 

0.87  (0.53,1.44) 

0.599 

High  RH 

240 

25  (10.4) 

1.03  (0.65,1.64) 

0.905 

Low  plus  High  RH 

476 

45  (9.5) 

0.95  (0.66,1.37) 

0.781 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Adjusted  Relative  Risk 

||  ^yDi&xin  Category  J | ' 

(95%  C.I.)* 

p-Value 

Comparison 

1,193 

Background  RH 

374 

0.75  (0.46,1.20) 

Low  RH 

235 

0.80  (0.47,1.35) 

High  RH 

238 

1.20(0.73,1.98) 

Low  plus  High  RH 

473 

0.98  (0.67,1.45) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN 

-  UNADJUSTED 

Jgff!  1987  Dioxin  Category  Summary  Statistics  j  / § 

||j'  '|  ^  Analysis  Results  for  Logi  (1987  Dioxin  +T)|  '^'1  £  ;  | 

wmmmm 

Estimated  Relative  Risk  >;  |  H 

fj  |f  f  Dioxin  |  |g|g|jj  H|f 

High/tV  1 

(95%  C'.l.r' 

'  V 1 1  p-Value  , ; 

Low  283 

17  (6.0) 

1.14(0.97,1.33) 

Medium  285 

26(9.1) 

High  284 

28  (9.9) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

KHi  t?  1 1  (l987I>ioxin  + 

liSiliiiiMfBIlBiifilliiill 

847  1.22(1.00,1.49) 

0.043 

3  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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The  unadjusted  Model  4  analysis  results  were  nonsignificant  (Table  13-33(g):  p=0.123).  After  adjusting 
for  covariates,  a  significant  relation  between  creatine  phosphokinase  in  its  dichotomous  form  and  1987 
dioxin  was  revealed  (Table  13-33(h):  Adj.  RR=1.22,  p=0.043).  The  percentages  of  participants  with  high 
levels  of  creatine  phosphokinase  in  the  low,  medium,  and  high  1987  dioxin  categories  were  6.0,  9.1,  and 
9.9,  respectively. 

J 3.2.2.3.24  Serum  Amylase  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  serum  amylase  did  not  show  a  significant  overall  group 
difference  between  Ranch  Hands  and  Comparisons  (Table  13-34(a,b):  p>0.92  for  each  analysis). 
Stratifying  the  analyses  by  occupation  revealed  a  significant  group  difference  among  the  officers  in  both 
the  unadjusted  and  adjusted  analyses  (Table  13-34(a,b):  difference  of  means=-2.98  U/l,  p=0.048,  for  the 
unadjusted  analysis;  difference  of  adjusted  means=-3.50  U/l,  p=0.037,  for  the  adjusted  analysis).  The 
adjusted  mean  serum  amylase  level  among  the  officers  in  the  Ranch  Hand  group  was  61.86  U/l  versus 
65.36  U/l  among  the  officers  in  the  Comparison  group. 

The  results  from  the  unadjusted  Model  2  analysis  revealed  a  marginally  significant  inverse  association 
between  serum  amylase  and  initial  dioxin  (Table  13-34(c):  slope=-0.024,  p=0.070).  Similarly,  after 
covariate  adjustment,  a  marginally  significant  inverse  association  between  serum  amylase  and  initial 
dioxin  was  present  (Table  13-34(d):  adjusted  slope=-0.029,  p=0.060).  The  adjusted  mean  serum 
amylase  levels  in  the  low,  medium,  and  high  initial  dioxin  categories  were  67.45  U/l,  64.22  U/l,  and  64.25 
U/l,  respectively. 


Table  13-34.  Analysis  of  Serum  Amylase  (U/l)  (Continuous) 

(a)^V^ELl: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

IlfiiSi 

■■  c''y *  {■ 

;  Mean8 

Difference  of  Means 
.  (95%  c.l.)1’ 

liiaiiiiiii 

All 

Ranch  Hand 

859 

56.92 

0.07 - 

0.942 

Comparison 

1,231 

56.85 

Officer 

Ranch  Hand 

340 

54.88 

-2.98  - 

0.048 

Comparison 

490 

57.86 

Enlisted  Flyer 

Ranch  Hand 

150 

58.46 

2.55  - 

0.284 

Comparison 

185 

55.91 

Enlisted 

Ranch  Hand 

369 

58.23 

1.95  - 

0.182 

Groundcrew 

Comparison 

556 

56.29 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-34.  Analysis  of  Serum  Amylase  (U/l)  ( Continuous )  ( Continued ) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

gMHtt 

ItiilMiifll 

Adj.  Mean3 

Difference  of  Adj.  Means 
(95%  C.I.)b  . 

p-Valuec 

All 

Ranch  Hand 

854 

63.65 

H 0.09 - 

0.929 

Comparison 

1,229 

63.74 

Officer 

Ranch  Hand 

340 

61.86 

-3.50  - 

0.037 

Comparison 

489 

65.36 

Enlisted  Flyer 

Ranch  Hand 

148 

65.17 

2.73  - 

0.301 

Comparison 

184 

62.44 

Enlisted 

Ranch  Hand 

366 

64.84 

1.98  - 

0.218 

Groundcrew 

Comparison 

556 

62.86 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

,  J  /-Arialy^is^^idi^ToKEdgx  f  (  J 

Initial  Dioxin  n  Mean8  Adj.  Mean3b 

R2  (Std.  Error)0  p- Value 

Low  158  59.22  58.66 

Medium  159  55.89  55.83 

High  159  55.54  56.13 

0.052  -0.024  (0.013)  0.070 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


j§|fj  InitialDipxi riCa tegory  Summary  S tatistics 

r  i  Analysis  Results  for  Log2  (Initial  Dioxin)  jjk  t-  Vi 

Initial  Dioxin  *•  ’lf,  b I  J  i'n  f|v‘  \  t  Adj.Mean3  "  f- 

J  3U||  R2  ^  ^  (Std.  Errdr)*5  |  |||§-  p- Value 

Low  158  67.45 

Medium  158  64.22 

High  157  64.25 

0.125  -0.029(0.015)  0.060 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-34.  Analysis  of  Serum  Amylase  (U/l)  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


n  ; 

Adj.  Meanab 

pifferehc&of  Adj.  Me^n 
vs.  Comparisons  >•  r 
(95%  C.I.)C 

P-Valued 

Comparison 

1,194 

56.82 

56.88 

Background  RH 

376 

57.03 

55.87 

-1.01- 

0.419 

Low  RH 

236 

60.17 

60.54 

3.66  - 

0.019 

High  RH 

240 

53.78 

54.89 

-1.99  - 

Low  plus  High  RH 

476 

56.86 

57.63 

0.75  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


1118811 

SOI 

Difference  of  Adj.  Mean 
vs.  Comparisons  1  111 
(95%  C.r.)b 

Comparison 

1,193 

63.45 

Background  RH 

374 

62.33 

-1.12- 

0.427 

Low  RH 

235 

66.45 

3.00  - 

0.078 

High  RH 

238 

61.31 

-2.14  - 

0.205 

Low  plus  High  RH 

473 

63.82 

0.37  - 

0.774 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-34.  Analysis  of  Serum  Amylase  (U/l)  (Continuous)  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

R2  (Std,  Error)”  p-Value 

Low  283  57.84 

Medium  285  57.77 

High  284  55.23 

0.005  -0.019  (0.009)  0.035 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

{ ft J§ f  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  J|||| 

Dioxin  n  Adj.  Mean8 

Adjusted  Slope 

8||i|  R2  j  p  |§§jf  (Std.  Error)”  ||||  p-Value 

Low  283  68.24 

Medium  283  66.40 

High  281  62.16 

0.063  -0.030  (0.010)  0.003 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  3  analysis  revealed  a  significant  difference  in  mean  serum  amylase  levels  between 
Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  13-34(e):  difference  of  means=3.66 
U/l,  p=0.019).  The  adjusted  results  showed  a  marginally  significant  difference  between  Ranch  Hands  in 
the  low  dioxin  category  and  Comparisons  (Table  13-34(f):  difference  of  adjusted  means=3.00  U/l, 
p=0.078).  The  adjusted  mean  serum  amylase  level  for  Ranch  Hands  in  the  low  dioxin  category  was  66.45 
U/l  versus  63.45  U/l  for  Comparisons. 

Both  the  unadjusted  and  adjusted  Model  4  analyses  showed  serum  amylase  to  be  significantly  inversely 
associated  with  1987  dioxin  (Table  13-34(g,h):  slope=-0.019,  p=0.035;  adjusted  slope=-0.030, 
p=0.003).  The  adjusted  mean  serum  amylase  levels  in  the  low,  medium,  and  high  1987  dioxin  categories 
were  68.24  U/l,  66.40  U/l,  and  62.16  U/l,  respectively. 

13.2.2.3.25  Serum  Amylase  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  revealed  no  significant  overall  group  difference  in  the 
percentage  of  individuals  with  high  serum  amylase  levels  (Table  13-35(a,b):  p>0.73  for  each  analysis). 

In  both  the  unadjusted  and  adjusted  analyses,  stratifying  by  occupation  revealed  marginally  significant 
reduction  in  risk  among  the  Ranch  Hand  officers  (Table  13-35(a,b):  Est.  RR=0.45,  p=0.067,  for  the 
unadjusted  analysis;  Adj.  RR=0.43,  p=0.058,  for  the  adjusted  analysis).  Among  the  officers  in  the  Ranch 
Hand  group,  2. 1  percent  had  high  serum  amylase  levels  versus  4.5  percent  of  officers  in  the  Comparison 
group.  All  analyses  of  Models  2,  3,  and  4  showed  no  significant  associations  between  serum  amylase  and 
dioxin  (Table  13-35(c-h):  p>0.11  for  each  analysis). 
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Table  13-35.  Analysis  of  Serum  Amylase  (Discrete) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

SlSilillllil 

Number  (%) 

High 

Est.Relative  Risk 

p- Value 

All 

Ranch  Hand 

859 

25  (2.9) 

0.94  (0.56,1.57) 

0.816 

Comparison 

1,231 

38(3.1) 

Officer 

Ranch  Hand 

340 

1  (2.1) 

0.45  (0.19,1.06) 

0.067 

Comparison 

490 

22  (4.5) 

Enlisted  Flyer 

Ranch  Hand 

150 

4  (2.7) 

1.66  (0.37,7.54) 

0.510 

Comparison 

185 

3(1.6) 

Enlisted 

Ranch  Hand 

369 

14  (3.8) 

1.65  (0.77,3.55) 

0.202 

Groundcrew 

Comparison 

556 

13  (2.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

I 

i 

IB 

< 

ppi  if!  Occupational  Category 

(95%  C.I.) 

All 

0.91  (0.54,1.54) 

0.733 

Officer 

0.43  (0.18,1.03) 

0.058 

Enlisted  Flyer 

1.66  (0.36,7.69) 

0.514 

Enlisted  Groundcrew 

1.60(0.73,3.50) 

0.240 

(c)  MODEI.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Iglig  initial DioxinCategorySummary Statistics  |§j|||| 

1 1  Analysis  Results  for  Log*  (Jhritialpipidn)81'  /^  |  I 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  C.1.1"  p-Value  V 

0.86(0.58,1.29)  0.458 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

\ Dioxin)  :- 

473  1.04(0.63,1.71) 

0.884 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-35.  Analysis  of  Serum  Amylase  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n 

Number  (%) 

High 

Est  Relative  Risk 
(95%  C.I.)ab 

p- Value 

Comparison 

1,194 

38  (3.2) 

Background  RH 

376 

8(2.1) 

0.61  (0.28,1.32) 

0.210 

Low  RH 

236 

11  (4.7) 

1.51  (0.76,3.01) 

0.236 

High  RH 

240 

6(2.5) 

0.84  (0.35,2.02) 

0.697 

Low  plus  High  RH 

476 

17  (3.6) 

1.13  (0.62,2.06) 

0.701 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(fi  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  I|$H 

Adjusted  Relative  Risk 

Sliliililliii# 

(95%  C.I.)“  : 

Kll ||^f|||||j|r|!l|g||! 

Comparison 

1,193 

Background  RH 

374 

0.53(0.24,1.16) 

0.112 

Low  RH 

235 

1.37  (0.67,2.77) 

0.387 

High  RH 

238 

1.02  (0.41,2.59) 

0.959 

Low  plus  High  RH 

473 

1.18(0.63,2.21) 

0.602 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g>  MODEL4:  RANCH  HANDS  -  1$87|>I<)£IN  ^  UNADJUSTED  1  §|j  Hip  If  f$ 

f|  4  J987DiQ3rii^Categbry, Summary  §tal|sticsffr|*§ 

^  f  ||jg|  H  ill H 1 

Low  283  7  (2.5) 

Medium  285  10(3.5) 

High  284  8  (2.8) 

0.93(0.70,1.22)  0.590 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-35.  Analysis  of  Serum  Amylase  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


,  ‘  -  ^  .  Adjusted  Relative  Risk  <  ”  ■ 

p-Value 

847 

0.93  (0.68,1.26) 

0.623 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

13.2.2.3.26  Antibodies  for  Hepatitis  A 

All  unadjusted  and  adjusted  analyses  in  Models  1  through  4  showed  no  significant  associations  between 
dioxin  and  the  presence  of  antibodies  for  hepatitis  A  (Table  13-36(a-h):  p>0.12  for  each  analysis). 


Table  13-36.  Analysis  of  Antibodies  for  Hepatitis  A 


COl^lP^^bNSAjJNA^JlJSTEp 


clillSwgSI 

■:  » 

Yes  • 

.  Est  Relative  Risk  f 
(95%  C.I.) 

tS| ,  p-Value  II 

All 

Ranch  Hand 

870 

283  (32.5) 

0.95  (0.79,1.14) 

0.580 

Comparison 

1,250 

421  (33.7) 

Officer 

Ranch  Hand 

341 

92  (27.0) 

1.00(0.73,1.36) 

0.999 

Comparison 

493 

133  (27.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

74  (49.0) 

1.13(0.73,1.73) 

0.581 

Comparison 

187 

86  (46.0) 

Enlisted 

Ranch  Hand 

378 

117  (31.0) 

0.82  (0.62,1.08) 

0.153 

Groundcrew 

Comparison 

570 

202  (35.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  C.I.)  p- Value 


All 

0.93  (0.76,1.12) 

Officer 

0.95  (0.68,1.31) 

Enlisted  Flyer 

1.07  (0.69,1.68) 

0.754 

Enlisted  Groundcrew 

0.85(0.64,1.14) 

0.285 

(c)  MODEL  2: 

■  V  ■ 

Kf^pUpipaL  v  • 

fiP 

£  Estimated  Relative  Risk  {  | 

Iff  Dioxin  'tff 

V 

:  (95%  C.I.)b  \ 

Low 

160 

57  (35.6) 

0.98  (0.85,1.14) 

0.830 

Medium 

162 

54  (33.3) 

High 

160 

57  (35.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


13-108 


Table  13-36.  Analysis  of  Antibodies  for  Hepatitis  A  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

n  (95%  C.I.)a  p-Value 

_ £79 _ 1.02(0.86,1.22)  0.813 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


lilt 

IlilltWillSi! 

W  Est.  Relative '-Risk  Ijftif 
:  (95%C.I.)ab 

1 g  p-Value  Jf|J  HI 

Comparison 

1,212. 

405  (33.4) 

Background  RH 

381 

112(29.4) 

0.84  (0.65,1.08) 

0.175 

Low  RH 

239 

84  (35.1) 

1.08  (0.80,1.44) 

0.619 

High  RH 

243 

84  (34.6) 

1.04  (0.78,1.39) 

0.784 

Low  plus  High  RH 

482 

168  (34.9) 

1.06  (0.85,1.32) 

0.615 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 


Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


.(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adjusted  Relative  Risk 


Dioxiii  Caitegory 


p-Value 


Comparison 

1,211 

Background  RH 

378 

0.92(0.70,1.21) 

0.561 

Low  RH 

238 

0.92  (0.67,1.25) 

0.577 

High  RH 

241 

0.96  (0.70,1.32) 

0.787 

Low  plus  High  RH 

479 

0.94(0.74,1.19) 

0.588 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


:  4  i'||l?87|Di6xin 

||§%ff^|-“'4|An^ysis  Results  ; 

Low  288  81  (28.1) 

Medium  287  103  (35.9) 

High  288  96  (33.3) 

1.08(0.98,1.19)  0.125 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  13-36.  Analysis  of  Antibodies  for  Hepatitis  A  ( Continued ) 


(h)  MODEL 4:  RANCH  HANDS  -  1987  DIOXIN- ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

n.  (95%  C.I.)a 

p-Value 

857  1.06  (0.94,1.19) 

0.346 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

13.2.2.3.27  Evidence  of  Prior  Hepatitis  B 

The  unadjusted  Model  1  analysis  of  serological  evidence  of  prior  hepatitis  B  revealed  a  significant  overall 
group  difference  between  Ranch  Hands  and  Comparisons  (Table  13-37(a):  Est.  RR=0.62,  p=0.001). 

After  stratifying  by  occupation,  a  significant  difference  between  Ranch  Hands  and  Comparisons  was  seen 
within  each  occupational  stratum  (Table  13-37(a):  Est.  RR=0.49,  p=0.031,  for  officers;  Est.  RR=0.58, 
p=0.079,  for  enlisted  flyers;  and  Est.  RR=0.66,  p=0.035,  for  enlisted  groundcrew).  In  each  stratum,  the 
percentage  of  participants  with  evidence  of  prior  hepatitis  B  was  greater  for  Comparisons  than  for  Ranch 
Hands. 


Table  13-37.  Analysis  of  Evidence  of  Prior  Hepatitis  B 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

.jv|  *  .Category  ■ ' 

■  Group  ■ 

n  v 

if 

Yes 

Est  Relatiye  Risk  f: ' 

'V-:  (95% C.L) 

p- Value 

All 

Ranch  Hand 

869 

77  (8.9) 

0.62(0.46,0.82) 

0.001 

Comparison 

1,249 

170(13.6) 

Officer 

Ranch  Hand 

340 

13  (3.8) 

0.49  (0.26,0.94) 

0.031 

Comparison 

494 

37  (7.5) 

Enlisted  Flyer 

Ranch  Hand 

151 

19  (12.6) 

0.58  (0.32,1.06) 

0.079 

Comparison 

187 

37  (19.8) 

Enlisted 

Ranch  Hand 

378 

45  (11.9) 

0.66  (0.45,0.97) 

0.035 

Groundcrew 

Comparison 

568 

96  (16.9) 

(b)  MODEL  1:  RANCH  HANDS  VS'  COMPARISONS  -  ADJUSTED  m  SB 

AU 

0.59  (0.44,0.80) 

<0.001 

Officer 

0.47  (0.25,0.91) 

0.024 

Enlisted  Flyer 

0.58  (0.31,1.07) 

0.079 

Enlisted  Groundcrew 

0.66  (0.44,0.97) 

0.035 
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Table  13-37.  Analysis  of  Evidence  of  Prior  Hepatitis  B  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

.  „»{ \  Analysis  Results  for  Log2  (Initial  Dioxin)® 

Initial  Number  (%) 

Dioxin  n  Yes 

I  Estimated  Relative  Risk  |  ;  | 

:i  :  p- Value  -K?:  i 

Low  159  17  (10.7) 

Medium  162  14  (8.6) 

High  160  22  (13.8) 

1.06(0.86,1.31)  0.588 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log*  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  . ‘  (95%  CX)a  '■  :  •  "  -V;/  p-Value  :  ^ 

_ £78 _ 0.95  (0.74,1.22) _ 0.669 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est.  Relative  Risk 

Dioxin  Category  n  Yes  •  (95%  C.I.)ab  p-Value 


Comparison 

1,211 

166  (13.7) 

Background  RH 

381 

23  (6.0) 

0.42  (0.27,0.66) 

<0.001 

Low  RH 

238 

26  (10.9) 

0.76  (0.49,1.18) 

0.229 

High  RH 

243 

27(11.1) 

0.76  (0.49,1.17) 

0.214 

Low  plus  High  RH 

481 

53(11.0) 

0.76  (0.55,1.06) 

0.105 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(0  MODEt  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  |  ADJUSTED 


Comparison 

1,210 

Background  RH 

378 

0.50  (0.31,0.80) 

0.004 

Low  RH 

237 

0.71  (0.45,1.12) 

0.143 

High  RH 

241 

0.59  (0.37,0.92) 

0.021 

Low  plus  High  RH 

478 

0.65  (0.46,0.91) 

0.012 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  13-37.  Analysis  of  Evidence  of  Prior  Hepatitis  B  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

iHlij  -  Analysis  Results  far  tog2  (1987  Dioxin  +  |5i|||j!jij|| 

1987  Number  (%) 

Dioxin  n  Yes 

I 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  288  14  (4.9) 

Medium  286  27  (9.4) 

High  288  35  (12.2) 

1.20(1.03,1.40)  0.023 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

f Adjusted ifeSlative  Risk :  TT  ^ 

•  -  :  .  n:..;  (95%  C.I.)a  ; 

HI  |  wii^ilillliBi 

856  1.06(0.89,1.25) 

6.531 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  adjusted  Model  1  analysis  mirrored  the  unadjusted  analysis.  Significant  differences  were  seen 
between  all  Ranch  Hands  and  Comparisons  (Table  13-37(b):  Adj.  RR=0.59,  pcO.OOl)  and  within  each 
occupational  stratum  (Table  13-37(b):  Adj.  RR=0.47,  p=0.024,  for  officers;  Adj.  RR=0.58,  p=0.079,  for 
enlisted  flyers;  and  Adj.  RR=0.66,  p=0.035,  for  enlisted  groundcrew).  Both  the  unadjusted  and  adjusted 
Model  2  analyses  revealed  no  relation  between  prior  hepatitis  B  and  initial  dioxin  (Table  13-37(c,d): 
p>0.58  for  each  analysis). 

The  unadjusted  Model  3  analysis  revealed  a  significant  difference  in  prior  hepatitis  B  between  Ranch 
Hands  in  the  background  dioxin  category  and  Comparisons  (Table  13-37(e):  Est.  RR=0.42,  pcO.OOl). 
The  adjusted  results  showed  a  significant  difference  between  Ranch  Hands  in  the  background  dioxin 
category  and  Comparisons  (Table  13-37(f):  Adj.  RR=0.50,  p=0.004),  as  well  as  differences  between 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  and  Ranch  Hands  in  the  low  and  high  dioxin 
categories  combined  and  Comparisons  (Table  13-37(f):  Adj.  RR=0.59,  p=0.021;  Adj.  RR=0.65,  p=0.012, 
respectively).  The  percentages  of  participants  with  evidence  of  prior  hepatitis  B  were  6.0  in  the 
background  dioxin  category,  11.1  in  the  high  dioxin  category,  1 1.0  in  the  low  and  high  dioxin  categories 
combined,  and  13.7  in  the  Comparison  category. 

The  unadjusted  Model  4  analysis  revealed  a  significant  relation  between  evidence  of  prior  hepatitis  B  and 
1987  dioxin  (Table  13-37(g):  Est.  RR=1.20,  p=0.023).  After  adjusting  for  covariates,  the  relation 
became  nonsignificant  (Table  13-37(h):  p=0.531). 

13. 2. 2. 3.28  Current  Hepatitis  B 

All  unadjusted  and  adjusted  analyses  of  current  hepatitis  B  for  Models  1  through  4  were  nonsignificant 
(Table  13-38(a,b):  p>0.45  for  each  analysis). 
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Table  13-38.  Analysis  of  Current  Hepatitis  B 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

llllplliiillil 

,  N  Number  (%) 

Esk  Relative  Risk 

Ilf!  (95%  CX)  '>  ^  I;*:  § 

p- Value  III 

AU 

Ranch  Hand 

870 

1(0.1) 

0.72  (0.07,7.94) 

0.784 

Comparison 

1,251 

2  (0.2) 

Officer 

Ranch  Hand 

341 

0  (0.0) 

-- 

_ 

Comparison 

494 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

0  (0.0) 

_ 

__ 

Comparison 

187 

0  (0.0) 

Enlisted 

Ranch  Hand 

378 

1  (0.3) 

0.75  (0.07,8.34) 

0.817 

Groundcrew 

Comparison 

570 

2(0.4) 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  current  hepatitis  B. 

RANCH  HANDS  VS.  COMPARISONS  ADJUSTED 

llil Illii  I  Adjusted  Relative  Risk 

18  -8  8  8  /  ■  :  ■■■  ■ 

iiliiiiiirtpfei 

. 

(95%  ex):  :: 

p- Value  ' ' 

All 

0.56  (0.05,6.93) 

0.646 

Officer 

_ 

„ 

Enlisted  Flyer 

■  — 

_ 

Enlisted  Groundcrew 

0.68  (0.06,8.27) 

0.762 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  current  hepatitis  B. 


Note:  Results  for  analysis  across  all  occupational  categories  are  not  adjusted  for  occupation  because  of  the  sparse 
number  of  participants  with  current  hepatitis  B. 


(Cl  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

§|g|  Analysis  Results  for  Log2  (Initial  Dioxin)8  |  ||§i 

Si  Initial  i|j|  J  J|||J|||  ift  J|Sjf|  f  f  Nujttbef (%)  |p|rf|| 
*  \4.  Dioxin  it/  >  >  *  *  >  Tes  *  >  -  i 

(95%  C.I.)b  p-Value 

Low  160  0(0.0) 

Medium  162  1  (0.6) 

High  160  0  (0.0) 

0.99(0.17,5.76)  0.987 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


HI  MODEL  S  H$SDS  -  INITIAL  DIO30N  -  ADJUSTED  1  §f g 

’  Aiial^sii^^ij^^&^itog2  (Initial  Dioxin)  ti  vifi 

n  (95%  C.I.)a 

479 _ 0.39  (Q .02,9.42) _ 0.497 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  adjusted  only  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin,  age,  and 
lifetime  alcohol  history  because  of  the  sparse  number  of  Ranch  Hands  with  current  hepatitis  B. 
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Table  13-38.  Analysis  of  Current  Hepatitis  B  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Number  (%)  . 

Est  Relative  Risk 
:  :  (95%  c.i.)ab 

p-Value 

Comparison 

1,213 

2  (0.2) 

Background  RH 

381 

0(0.0) 

— 

0.999c 

Low  RH 

239 

1  (0.4) 

2.52  (0.23,27.92) 

0.453 

High  RH 

243 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

482 

1  (0.2) 

— 

0.999c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  current  hepatitis  B. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  current  hepatitis  B. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


©  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


1  l f  ;  '• 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value 

Comparison 

1,212 

Background  RH 

378 

— 

__ 

Low  RH 

238 

1.94  (0.14,26.64) 

0.622 

High  RH 

241 

— 

— 

Low  plus  High  RH 

479 

— 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  current  hepatitis  B. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  current  hepatitis  B. 


Xg)^p|w^4^  RANCBTHANDS  |  UNADJUSTED  HU 1 1 3  4 1| Hi  1 1  j | 

t  J|f|  i ( 1987  Dioxin  Chtegorj^  Summary  Statisdcs 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

Low  288  0  (0.0) 

Medium  287  0  (0.0) 

High  288  1  (0.3) 

1.37  (0.41,4.55)  0.617 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-38.  Analysis  of  Current  Hepatitis  B  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a  p- Value 

857  1.33(0.27,6.59)*  0.719 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  industrial  chemical  exposure,  and  degreasing  chemical  exposure 
because  of  the  sparse  number  of  Ranch  Hands  with  current  hepatitis  B. 


13.2.2.3.29  Antibodies  for  Hepatitis  C 

No  significant  associations  were  seen  between  dioxin  and  hepatitis  C  for  all  unadjusted  and  adjusted 
analyses  in  Models  1  through  4  (Table  13-39(a-h):  p>0.13). 


Table  13-39.  Analysis  of  Antibodies  for  Hepatitis  C 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

lilijJlB- 

Number.  1  : S 

.  .  ;.  ':Yes  :' '' 

Est.  Relative  Risk  \  £  l 

■mmmmmiS 

AU 

Ranch  Hand 

870 

9(1.0) 

0.72  (0.32,1.60) 

0.408 

Comparison 

1,251 

18(1.4) 

Officer 

Ranch  Hand 

341 

1  (0.3) 

0.36  (0.04,3.24) 

0.362 

Comparison 

494 

4  (0.8) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

0.62  (0.06,6.87) 

0.694 

Comparison 

187 

2(1.1) 

Enlisted 

Ranch  Hand 

378 

7(1.9) 

0.88  (0.34,2.25) 

0.785 

Groundcrew 

Comparison 

570 

12(2.1) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk  ^ 

II  |  |l  Occupational  Category  §  1 

All 

0.63  (0.27,1.47) 

0.274 

Officer 

0.36  (0.04,3.27) 

0.367 

Enlisted  Flyer 

0.61  (0.05,6.87) 

0.690 

Enlisted  Groundcrew 

0.73  (0.27,1.98) 

0.532 
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Table  13-39.  Analysis  of  Antibodies  for  Hepatitis  C  ( Continued ) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXfN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (% 

Dioxin  n  Yes 

> 

Estimated  Relative  Risk 

(95%  C.L)b  p- Value 

0.61  (0.24,1.60)  0.271 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Adjusted  Relative  Risk 

n ;  (95%cx)a ;  ;V:y/t;;  ; :  p-vaiue 

_ 479 _ 0.63  (0.23,1.75) _  0.344 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  industrial  chemical  exposure,  and  degreasing  chemical  exposure 
because  of  the  sparse  number  of  Ranch  Hands  with  antibodies  for  hepatitis  C. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Dioxin  Category 

IKtSlSSf# 

lilt 

Yes 

Est.  Relative  Risk 

p- Value 

Comparison 

1,213 

17  (1.4) 

Background  RH 

381 

5  (1.3) 

0.89  (0.32,2.44) 

0.819 

Low  RH 

239 

2  (0.8) 

0.60  (0.14,2.62) 

0.497 

High  RH 

243 

2  (0.8) 

0.61  (0.14,2.67) 

0.512 

Low  plus  High  RH 

482 

4  (0.8) 

0.61  (0.20,1.81) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  13-39.  Analysis  of  Antibodies  for  Hepatitis  C  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

n 

5 1  H  |  Adjusted  Relative  Risk  i 
(95%  C.I.)a  : 

p-Value 

Comparison 

1,212 

Background  RH 

378 

0.87  (0.28,2.73) 

0.816 

Low  RH 

238 

0.54  (0.12,2.40) 

0.415 

High  RH 

241 

0.50  (0.11,2.23) 

0.359 

Low  plus  High  RH 

479 

0.52  (0.17,1.57) 

0.243 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(s)  MODEL  4;  RANCH  HANDS  -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

iH!f|  §  Analysis  Results  for  Log2  |jjj||§  §(§Jigl 

.  1987  '  :  •  Number  (%) 

Dioxin  n  Yes 

-tllf  Estimated  Relative  Risk |  jiljS 

(95%  C.I.)a  p-Value  |  ;  Jf 

Low  288  5(1.7) 

Medium  287  2  (0.7) 

High  288  2  (0.7) 

0.69  (0.42,1.14)  0.139 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)MqpEhM:  RANCH  HANDS- 1987  DIOXIN -ADJUSTED  I  ,  V  t '  II 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

«\  *  '  ^  s v 4  "1 J  ’**  t -r  *  *  \  <4  n  «  1  %  AdjusjtedtRelative  Risk  i  }  ^  f?V ^  ^ 

857  0.67(0.40,1.14)  0.141 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


13.2.2.3.30  Antibodies  for  Hepatitis  D 

Only  one  participant  had  positive  results  for  hepatitis  D  antibodies.  He  was  a  Black  Ranch  Hand  in  the 
enlisted  groundcrew  occupational  stratum.  No  further  analyses  were  performed. 

13.2.2.3.31  Stool  Hemoccult 

All  unadjusted  and  adjusted  analyses  of  stool  hemoccult  for  Models  1  through  4  were  nonsignificant 
(Table  13-40(a-h):  p>0. 17  for  each  analysis). 
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Table  13-40.  Analysis  of  Stool  Hemoccult 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

l<  Number  (%) 

;  \  (  ’  Y  es 

•  Est.  Relative  Risk  l§Hi 

p-Value 

All 

Ranch  Hand 

834 

29(3.5) 

0.78(0.49,1.23) 

0.279 

Comparison 

1,196 

53  (4.4) 

Officer 

Ranch  Hand 

332 

14  (4.2) 

0.92  (0.46,1.83) 

0.818 

Comparison 

483 

22  (4.6) 

Enlisted  Flyer 

Ranch  Hand 

147 

2(1.4) 

0.34  (0.07,1.65) 

0.179 

Comparison 

178 

7  (3.9) 

Enlisted 

Ranch  Hand 

355 

13  (3.7) 

0.81  (0.41,1.61) 

0.547 

Groundcrew 

Comparison 

535 

24  (4.5) 

i^n^nn 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

illllllcft  -t Relative  Risk  | 

:  05% CXJ):  lifflj 

All 

0.78(0.49,1.25 ) 

0.301 

Officer 

0.90  (0.45,1.80) 

0.774 

Enlisted  Flyer 

0.34  (0.07,1.70) 

0.191 

Enlisted  Groundcrew 

0.82(0.41,1.64) 

0.574 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ~  UNADJUSTED 

■  .  ■  '  •  '  ••  '  ...  .  .  ■  ■  ■■  ■  '.  '  ■/  - 

Initial  Dioxin  Category  Summary  Statistics 

;  Analysis  Results  for  Log2  (Initial  Dioxin)8  J 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

0.85(0.59,1.24)  0.390 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITLVL  DIOXIN -ADJUSTED 

| *  1  ^  Ir^Wf  If®!  Adjusted  Rel|tfre  Risk  lJ  :§  1  }  > *  ‘  |SJ| 

461 _ 0.97(0.62,1.51) _ 0.880 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-40.  Analysis  of  Stool  Hemoccult  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Ii|l|||gittii||||||l  §y| 

n 

1  Number  (%) 

Yes 

Est  Relative  Risk 
:  (95%  C. I.)ab  : 

ilfllfll;  p- Value  1  111 01 1 

Comparison 

1,162 

50  (4.3) 

Background  RH 

365 

10  (2.7) 

0.68  (0.34,1.35) 

Low  RH 

232 

11  (4.7) 

1.08  (0.55,2.12) 

High  RH 

232 

8  (3.4) 

0.74  (0.35,1.59) 

Low  plus  High  RH 

464 

19(4.1) 

0.90(0.52,1.55) 

0.696 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED^ 

Adjusted  Relative  Risk  if!  IlSIi- 
(95%  cxy  ;  : 

1 1|  :...p-Value^|5| 

Comparison 

Background  RH 

1,161 

363 

0.63  (0.31,1.28) 

0.201 

Low  RH 

231 

1.08(0.55,2.13) 

0.822 

High  RH 

230 

0.86(0.39,1.90) 

0.705 

Low  plus  High  RH 

461 

0.96  (0.55,1.68) 

0.895 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics  ||  Analysis  Results  for  Log2  (1987  Dioxin +1) 

%  (  t  vljfe-  NunnMrJ^)  fj 

i.  y.  . "  ■  -  A  A.-tsKf  * . «  sssg  '  .  v?  -Y  t 

1.04(0.81,1.34)  0.760 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-40.  Analysis  of  Stool  Hemoccult  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +1) 
(95%  C.I.)a 


p-Value 


824 


1.13(0.83,1.53) 


0.448 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


13. 2. 2.3. 32  Prealbumin  ( Continuous ) 

The  unadjusted  and  adjusted  analyses  of  prealbumin  in  its  continuous  form  displayed  no  significant 
associations  with  dioxin  in  any  of  Models  1  through  4  (Table  13-41(a-h):  p>0.38  for  each  analysis). 


Table  13-41.  Analysis  of  Prealbumin  (mg/dl)  (Continuous) 


illilipill 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

PilflSSTT 

Difference  of  Means  r  .  T 

Category 

Group 

n 

Mead  ;;  ; 

(95%  C.I.)  ' 

p-Value 

All 

Ranch  Hand 

859 

29.54 

-0.07  (-0.50,0.37) 

0.766 

Comparison 

1,231 

29.61 

Officer 

Ranch  Hand 

340 

29.65 

-0.22  (-0.92,0.47) 

0.532 

Comparison 

490 

29.87 

Enlisted  Flyer 

Ranch  Hand 

150 

29.56 

0.23  (-0.85,1.31) 

0.679 

Comparison 

185 

29.33 

Enlisted 

Ranch  Hand 

369 

29.44 

-0.03  (-0.70,0.63) 

0.922 

Groundcrew 

Comparison 

556 

29.48 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Difference  ofAdj.  Means 

Category 

1  7  J  G^up-?  jgjj 

Mean  1 1 

AU 

Ranch  Hand 

854 

29.66 

-0.04  (-0.47,0.39) 

0.861 

Comparison 

1,229 

29.70 

Officer 

Ranch  Hand 

340 

30.03 

-0.17  (-0.86,0.51) 

0.621 

Comparison 

489 

30.20 

Enlisted  Flyer 

Ranch  Hand 

148 

30.03 

0.48  (-0.59,1.55) 

0.382 

Comparison 

184 

29.55 

Enlisted 

Ranch  Hand 

366 

29.10 

-0.11  (-0.76,0.54) 

0.746 

Groundcrew 

Comparison 

556 

29.21 
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Table  13-41.  Analysis  of  Prealbumin  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

^  :  A  Initial  Dioxin  Category  Summary  Statistics  J  * 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Slope 

R2  (Std.  Error)  p- Value 

Low  158  29.72  29.61 

Medium  159  28.77  28.76 

High  159  29.83  29.95 

0.030  -0.041  (0.178)  0.818 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

;I5SI8!I  ■  Analysis  Results  for  Log2  (Jbril^i^ ;  jggj 

Initial  Dioxin  n  Adj.  Mean 

Adj.  Slope 

R2  (Std.  Error)  p-Value 

Low  158  29.69 

Medium  158  28.68 

High  157  29.77 

0.072  -0.127  (0.207)  0.538 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


■  . 

IlliiiiliSi'lP 

iillliill 

mmmi 

- 1  Adj*  Mean8 j§ 

Difference  of  Adj.  Mean 

(95% C.I.) 

lipigii 

Comparison 

1,194 

29.61 

29.62 

Background  RH 

376 

29.72 

29.53 

-0.09  (-0.67,0.49) 

0.760 

Low  RH 

236 

29.41 

29.47 

-0.15  (-0.85,0.54) 

0.665 

High  RH 

240 

29.47 

29.65 

0.03  (-0.66,0.73) 

0.927 

Low  plus  High  RH 

476 

29.44 

29.56 

-0.06  (-0.59,0.47) 

0.825 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  13-41.  Analysis  of  Prealbumin  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons 


n 

Adj.  Mean 

(95%  C.I.) 

p- Value 

Comparison 

1,193 

29.65 

Background  RH 

374 

29.51 

-0.15  (-0.73,0.44) 

0.626 

Low  RH 

235 

29.69 

0.04  (-0.65,0.73) 

0.908 

High  RH 

238 

29.72 

0.06  (-0.64,0.77) 

0.860 

Low  plus  High  RH 

473 

29.71 

0.05  (-0.48,0.58) 

0.847 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

§H!  Analysis  Results  for  Log2  (1987  Dioxin  +l)  f§§! jg 

1987  Dioxin  n  Mean 

Adjusted  Slope 

R2  (Std.  Error)  p- Value 

Low  283  30.00 

Medium  285  29.28 

High  284  29.41 

<0.001  -0.047(0.124)  0.704 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  HU  1  Stfjft 

Adjusted  Slope 

R2  (Std.  Error)  p- Value 

Low  283  29.90 

Medium  283  29.43 

High  281  29.35 

0.053  -0.007(0.140)  0.961 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


13.2.2.3.33  Prealbumin  ( Discrete ) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  disclose  a  significant  overall  difference  in 
prealbumin  levels  between  Ranch  Hands  and  Comparisons  (Table  13-42(a,b):  p>0.13  for  each  analysis). 
After  stratifying  the  unadjusted  analysis  by  occupation,  a  marginally  significant  difference  between 
Ranch  Hands  and  Comparisons  was  noted  among  enlisted  groundcrew  (Table  13-42(a):  Est.  RR=3.56, 
P-0.067).  Similarly,  the  stratified  adjusted  analysis  revealed  a  significant  difference  between  enlisted 
groundcrew  Ranch  Hands  and  enlisted  groundcrew  Comparisons  (Table  13-42(b):  Adj.  RR=4.27, 
p=0.043).  The  percentage  of  Ranch  Hand  enlisted  groundcrew  with  low  prealbumin  levels  was  1.9 
percent  versus  0.5  percent  of  Comparison  enlisted  groundcrew. 
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Table  13-42.  Analysis  of  Prealbumin  (Discrete) 


HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

liliSiiflliii 

iliiliiilli 

Number  {%) 

Low 

Est  Relative  Risk 

gift  (95%  ex)  |  i';  £;| 

p-Value 

All 

Ranch  Hand 

859 

13  (1.5) 

1.70(0.76,3.82) 

0.195 

Comparison 

1,231 

11  (0.9) 

Officer 

Ranch  Hand 

340 

5  (1.5) 

1.03  (0.32,3.27) 

0.960 

Comparison 

490 

7(1.4) 

- 

Enlisted  Flyer 

Ranch  Hand 

150 

1  (0.7) 

1.23  (0.08,19.91) 

0.882 

Comparison 

185 

1  (0.5) 

Enlisted 

Ranch  Hand 

369 

7(1.9) 

3.56  (0.92,13.87) 

0.067 

Groundcrew 

Comparison 

556 

3  (0.5) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -ADJUSTED 


%S5:^  '^^^fed-:Relat!ve:Rjsk'''  tlpilB 

(95%  C.I.) 

ih]  yjr' , 55 Lvit 8r:! <J\ !&/< 

.  p- Value  : 

AU 

1.87(0.82,4.26) 

0.136 

Officer 

1.03  (0.32,3.29) 

0.962 

Enlisted  Flyer 

1.64  (0.09,28.94) 

0.736 

Enlisted  Groundcrew 

4.27  (1.05,17.39) 

0.043 

(c)  MODEL  2:  RANCH  HANDS-  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial/bij|iu)a  jiff  ffj| 

Initial  Number  (%) 

Dioxin  n  Low  ’  ' 

Estimated  Relative  Risk 
;  :  (95%  CX)1'  p-Value  ; 

1.44  (0.84,2.47)  0.203 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCHHANDS WSUSSKBSSHSt -ADJUSTED  |  ■■ 

Hill  A^aly|i!(Rt^i|l&|61r)Log2  (Initial  Dioxin)  v  %  t 

SI  1 1  ill  ill  ill  g®  Adfust^I  Relative  Risk  7  lllSII M  11  I  %  1  ill 

473 

1.76  (0.94,3.30) 

0.081 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  low  prealbumin 
levels. 
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Table  13-42.  Analysis  of  Prealbumin  (Discrete)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

Low  (95%  C.L)ab 

1 |  |  I  p- Value 

Comparison 

1,194 

10(0.8) 

Background  RH 

376 

6(1.6)  1.94(0.69,5.41) 

0.207 

Low  RH 

236 

1  (0.4)  0.50(0.06,3.95) 

High  RH 

240 

5(2.1)  2.50(0.84,7.42) 

Low  plus  High  RH 

476 

6(1.3)  1.13  (0.33,3.90) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(!)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

t  1,  t  ftl  1  Adjusted  Relative  Risk  "  v, ' s 

Dioxin  Category 

;  v:  (95%  C.I.)a 

pfNalue  lllllili 

Comparison 

1,193 

Background  RH 

374 

1.74  (0.61,5.01) 

Low  RH 

235 

0.49  (0.06,3.93) 

High  RH 

238 

4.34(1.25,15.05) 

Low  plus  High  RH 

473 

1.48(0.41,5.32) 

0.552 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  ~  UNADJUSTED 

1"  |{  1987  Dioxin  (^tegory'Snnunary^Statistics^^fllJ 

Analysis  Results  for  Log2(1987  Dioxin  ^l|  j|  ||  ||  \ J  1 

Dioxin  n  Low 

l|S|f t  •: 

1.02(0.69,1.49)  0.931 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-42.  Analysis  of  Prealbumin  (Discrete)  (Continued) 


(h)  MODEL  m  RANCH  HANDS -1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log^  (1987  Dioxin +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.f 

iSilliSilKI  IIBI'llillB 

847  1.00(0.63,1.60) 

0.993 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

No  significant  relation  between  prealbumin  and  initial  dioxin  was  found  in  the  unadjusted  Model  2 
analysis  (Table  13-42(c):  p=0.203).  A  marginally  significant  relation  was  found  in  the  adjusted  analysis 
(Table  13-42(d):  Adj.  RR=1.76,  p=0.081),  indicating  an  increased  prevalence  of  low  prealbumin  levels  as 
initial  dioxin  increased.  In  the  Model  3  unadjusted  analysis  of  prealbumin,  a  marginally  significant 
difference  was  revealed  between  Ranch  Hands  in  the  high  dioxin  category  and  the  Comparison  group 
(Table  I3-42(e):  Est.  RR=2.50,  p=0.099).  The  same  contrast  was  significant  in  the  adjusted  analysis 
(Table  13-42(f):  Adj.  RR=4.34,  p=0.021).  Of  the  Ranch  Hands  in  the  high  dioxin  category,  2.1  percent 
had  low  prealbumin  levels  versus  0.8  percent  of  the  Comparisons.  The  Model  4  unadjusted  and  adjusted 
analyses  were  nonsignificant  (Table  13-42(g,h):  p>0.93  for  each  analysis). 

13.2.2.3.34  Albumin  ( Continuous ) 

All  unadjusted  and  adjusted  Model  1  and  2  analyses  were  nonsignificant  (Table  13-43(a-d):  p>0.18  for 
each  analysis). 


Table  13-43.  Analysis  of  Albumin  (mg/dl)  (Continuous) 


(a)  MpDEL  1: 

^N<pH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  \  ^  ^  B  J 

1  Occupational; 

Group 

n 

(95%  CX) 

|||  |  p-Value  :  :|| 

All 

Ranch  Hand 

859 

4,195.6 

-5.6  (-34.9,23.8) 

0.709 

Comparison 

1,231 

4,201.2 

Officer 

Ranch  Hand 

340 

4,172.9 

-31.8  (-78.3,14.8) 

0.181 

Comparison 

490 

4,204.6 

Enlisted  Flyer 

Ranch  Hand 

150 

4,190.0 

30.1  (-42.4,102.5) 

0.416 

Comparison 

185 

4,159.9 

Enlisted 

Ranch  Hand 

369 

4,218.8 

7.0  (-37.3,51.2) 

0.758 

Groundcrew 

Comparison 

556 

4,211.9 
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Table  13-43.  Analysis  of  Albumin  (mg/di)  ( Continuous )  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


;i|'  Occupational 

Adj.  Mean 

Difference  of  Adj.  Means 
:  (95%  C.I.) 

p-Value 

All 

Ranch  Hand 

854 

4,180.8 

-3.0  (-32.1,26.0) 

0.837 

Comparison 

1,229 

4,183.8 

Officer 

Ranch  Hand 

340 

4,163.1 

-28.9  (-74.9,17.1) 

0.218 

Comparison 

489 

4,192.1 

Enlisted  Flyer 

Ranch  Hand 

148 

4,201.9 

37.0  (-35.0,109.0) 

0.314 

Comparison 

184 

4,164.9 

Enlisted 

Ranch  Hand 

366 

4,190.5 

5.8  (-38.1,49.6) 

0.797 

Groundcrew 

Comparison 

556 

4,184.7 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)  §  |j§j  j 

Adj;  Mean8  p| 

*tf  , Slope  llitf 

R2 

■”  (Std.  Error)  §|p|f 

•  iiiigiiiis 

Low 

158 

4,170.0 

4,164.4 

0.023 

13.830  (10.970) 

0.208 

Medium 

159 

4,163.0 

4,162.4 

_ 

159 

4,221.3 

4,227.5 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

• 

gUg  IVJmJial  Dioxin  Category  Summary  Statistics  ?; pj 

■  if  1 1||  Analysis  Results  for  Log2  (Initial  Dioxin)  §jj| j|  ||j| 

Initial  Dioxin  n  Adj.  Mean 

R2  ;  (Std.  Error)  p-Valuc 

Low  158  4,148.8 

Medium  158  4,133.0 

High  157  4,169.0 

0.054  -1.264  (12.791)  0.921 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 


Mead 


Adlj.Meanf 


pi 


p- Value 


Comparison 

1,194 

4,199.1 

4,199.7 

Background  RH 

376 

4,212.2 

4,200.6 

0.9  (-37.7,39.6) 

0.962 

Low  RH 

236 

4,151.7 

4,155.3 

-44.5  (-90.8,1.8) 

0.060 

High  RH 

240 

4,217.3 

4,228.9 

29.2  (-16.9,75.3) 

0.215 

Low  plus  High  RH 

476 

4,184.8 

4,192.4 

-7.3  (-42.6,28.0) 

0.685 

Adjusted  for  percent  body  fat  at  the.  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-43.  Analysis  of  Albumin  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3*  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


|Ii|J:|Di^X|i|  Category 

i :(  if:  t 

Adj.  Mean 

Difference  of  Adj.  Mean 
if  |  |  vs.  Comparisons  5  >x  ; 
■(95%  CL) 

p- Value 

Comparison 

1,193 

4,183.0 

Background  RH 

374 

4,187.9 

5.0  (-34.0,43.9) 

0.803 

Low  RH 

235 

4,154.2 

-28.7  (-74.7,17.3) 

0.221 

High  RH 

238 

4,200.2 

17.2  (-30.0,64.4) 

0.476 

Low  plus  High  RH 

473 

4,177.3 

-5.6  (-41.0,29.8) 

0.755 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN 

1987  Dioxin  Category  Summary  Statistics 

llll  If  'Adjusted  Slope  ]l|Jf j  | 

R2  §  ||||  'll:  (Std.  Error)  f||j[j 

Kfljfll ». "  |  v  |  ]  j !  J  fj  v.  |  /J 

<0.001  -2.471  (7.678)  0.748 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  R 

ANCHHAN 

DS  -  1987  DIOXIN  -  ADJUSTED 

sws.v&if  v  v  4  *4.  ii  fat  *■  ^  s  .  ^a*  *  * 

SimM*  Dioxin  Category  Summary  Statistics, 

Analysis  Results  for  Log2  (l9^Dioxin4*  %)c;i  ^  fc  'f 

1987 

DidXitti 

Adj.  Mean  *  :;S|| 

Low 

283 

4,223.1 

0.040  -11.121  (8.711)  0.202 

Medium 

283 

4,157.9 

High 

281 

4,181.3 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  3  analysis  showed  a  marginally  significant  difference  between  Ranch  Hands  in  the 
low  dioxin  category  and  Comparisons  (Table  13 -43(e):  difference  of  means=-44.5  mg/dl,  p=0.060).  No 
significant  differences  were  noted  in  the  adjusted  Model  3  analysis  of  albumin  (Table  13-43(f):  p>0.22 
for  each  contrast).  In  the  Model  4  unadjusted  and  adjusted  analyses  of  albumin,  no  significant 
associations  with  1987  dioxin  were  found  (Table  13-43(g,h):  p>0.20  for  each  analysis). 

13.2.2.335  Albumin  ( Discrete ) 

Because  of  a  sparse  number  of  low  albumin  values  among  the  participants,  some  analyses  were  not 
possible.  Table  13-44  contains  the  results  of  these  analyses.  Unadjusted  chi-square  tests  of  association  in 
Model  3  revealed  a  significantly  smaller  percentage  of  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined  with  a  low  albumin  level  than  Comparisons  (Table  13-44(e):  p=0.099).  All  other  analyses  in 
Models  1  through  4  were  nonsignificant  (Table  13-44(a-h):  p>0.17  for  all  other  analyses). 
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Table  13-44.  Analysis  of  Albumin  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Group 

Jil 

1  Number  (%) 

Est.  Relative  Risk 
(95%  C.I.) 

!||?  p-Value 

All 

Ranch  Hand 

859 

3  (0.3) 

0.43(0.12,1.56) 

0.170 

Comparison 

1,231 

10  (0.8) 

Officer 

Ranch  Hand 

340 

3  (0.9) 

1.08  (0.24,4.86) 

0.919 

Comparison 

490 

4  (0.8) 

Enlisted  Flyer 

Ranch  Hand 

150 

0  (0.0) 

_ 

0.999a 

Comparison 

185 

1  (0.5) 

Enlisted 

Ranch  Hand 

369 

0  (0.0) 

_ 

0.171a 

Groundcrew 

Comparison 

556 

5  (0.9) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  low  albumin  level. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  low  albumin  level. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  CX)  p-Value 

All  0.45(0.12,1.65)  0.200 

Officer  1 .08  (0.24,4.9 1 )  0.918 

Enlisted  Flyer 
Enlisted  Groundcrew 


— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  low  albumin  level. 


(c>  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

I  1 Dioxin  Category  Summary  Statistics 

fj  Analysis  Results  for*  Log?  (Initial  Ddoxin)8  1 1  < 

Initial  Number  (%) 

Dioxin  n  Low 

:  (95%  C.I.)b.  "  p-Valuc 

Low  158  0  (0.0) 

Medium  159  0(0.0) 

High  159  0(0.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  albumin  level. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


i  Adjusted  Relative  Risk  |  |  j  *  *  s:  gkfp'k  !| 

n  (95 C.I.)* 

- 

— 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  albumin  level. 
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Table  13-44.  Analysis  of  Albumin  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Number  (%) 

ipipliipiili 

Est  Relative  Risk 
(95%  C.I.)ab 

^-Value 

Comparison 

1,194 

10(0.8) 

Background  RH 

376 

2(0.5) 

0.68  (0.15,3.14) 

0.618 

Low  RH 

236 

0  (0.0) 

— 

0.325c 

High  RH 

240 

0  (0.0) 

— 

0.3 18c 

Low  plus  High  RH 

476 

0  (0.0) 

— 

0.099c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  Ranch 
Hands  with  a  low  albumin  level. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  albumin  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

Adjusted  Relative  Risk 
(95%  cx)a  ; 

p- Value 

Comparison 

1,193 

Background  RH 

374 

0.67  (0.14,3.20) 

0.611 

Low  RH 

235 

— 

_ 

High  RH 

238 

— 

_ 

Low  plus  High  RH 

473 

— 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  albumin  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  8  f 1 1 

y,*  11987  \  f 

m  Es&natldRelative  Risk  *  ffi  1  |  |  w  v  \  ffcl  1 

Low  283  1  (0.4) 

Medium  285  1  (0.4) 

High  284  0  (0.0) 

0.68(0.24,1.96)  0.465 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-44.  Analysis  of  Albumin  (Discrete)  ( Continued ) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

lSt! -V 1 

p- Value 

847  0.52(0.09,3.01) 

0.442 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  and  industrial  chemical  exposure  because  of  the  sparse  number 

of  participants  with  a  low  albumin  level. 

13.2.2.3.36  OC-1 -Acid  Glycoprotein  (Continuous) 

The  Model  1  unadjusted  and  adjusted  analyses  of  oc-l-acid  glycoprotein  revealed  no  overall  difference 
between  Ranch  Hands  and  Comparisons  (Table  13-45(a,b):  p>0.46  for  each  analysis).  After  stratifying 
by  occupation,  a  significant  difference  between  Ranch  Hands  and  Comparisons  was  discovered  among 
the  enlisted  groundcrew  for  both  the  unadjusted  and  adjusted  analyses  (Table  13-45(a,b):  difference  of 
means=2.61  mg/dl,  p=0.044,  for  the  unadjusted  analysis;  difference  of  adjusted  means-2.76  mg/dl, 
p=0.030,  for  the  adjusted  analysis).  The  adjusted  mean  ot-l-acid  glycoprotein  level  among  the  Ranch 
Hand  enlisted  groundcrew  was  86.86  mg/dl  versus  84.10  mg/dl  among  the  Comparison  enlisted 
groundcrew. 

The  unadjusted  Model  2  analysis  was  not  significant  (Table  13-45(c):  p=0.992).  After  covariate 
adjustment,  a  marginally  significant  inverse  relation  between  a- 1 -acid  glycoprotein  and  initial  dioxin  was 
detected  (Table  13-45(d):  adjusted  slope=-0.016,  p=0.086).  The  adjusted  mean  a- 1 -acid  glycoprotein 
levels  in  the  low,  medium,  and  high  initial  dioxin  categories  were  82.09  mg/dl,  83.12  mg/dl,  and  79.32 
mg/dl,  respectively. 


Table  13-45.  Analysis  of  a-1-Acid  Glycoprotein  (mg/dl)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

ji  s ' 

,2  Difference  of  Means  ■ 

;  ,:=(95%M;)b  - 

IlliiiSwIiSil 

All 

Ranch  Hand 

859 

84.65 

0.50 - 

0.550 

Comparison 

1,231 

84.15 

Officer 

Ranch  Hand 

340 

80.89 

-1.33  - 

0.298 

Comparison 

490 

82.22 

Enlisted  Flyer 

Ranch  Hand 

150 

85.49 

-0.38  - 

0.855 

Comparison 

185 

85.88 

Enlisted 

Ranch  Hand 

369 

87.92 

2.61  - 

0.044 

Groundcrew 

Comparison 

556 

85.31 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-45.  Analysis  of  a-1-Acid  Glycoprotein  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  l 

liiUMili! 

fill! 

Difference  of  A4J.  MOans  § 

(95%  C.I.)b 

p-Value‘ 

AU 

Ranch  Hand 

854 

83.11 

0.60 -- 

0.464 

Comparison 

1,229 

82.51 

Officer 

Ranch  Hand 

340 

78.64 

-1.43  - 

0.248 

Comparison 

489 

80.08 

Enlisted  Flyer 

Ranch  Hand 

148 

83.83 

0.15- 

0.942 

Comparison 

184 

83.68 

Enlisted 

Ranch  Hand 

366 

86.86 

2.76- 

0.030 

Groundcrew 

Comparison 

556 

84.10 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean3  Adj.  Meanab 

Slope 

R2  ;  ■  (Std. Error)c  ; 

p- Value 

Low  158  84.39  84.41 

Medium  159  87.88  87.88 

High  159  85.33  85.32 

<0.001  0.000(0.008) 

0.992 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  a- 1-acid  glycoprotein  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d}  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

§|  1 1 1 1 1  Analysis  Results  for  Log2  (Initial  Dioxin)  1 j{  |  §§|  | 

Initial  Dioxin  1 §  § 1|  |  n  jj  Ij  J|§||  ¥  Adj.Mean*  l|  § 

R2 

Jjj  (SfcSfError)b  ||||| 

Low  158  82.09 

Medium  158  83.12 

High  157  79.32 

0.046 

-0.016  (0.009) 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a- 1 -acid  glycoprotein  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


13-131 


Table  13-45.  Analysis  of  a-1-Acid  Glycoprotein  (mg/dl)  (Continuous)  ( Continued ) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

Mean*  Adj.  Meanab 

Difference  of  Adj.  Mean 
vs.  Comparisons 

(95%  C.I.r  p-Valued 

Comparison 

1,194 

84.28  84.29 

Background  RH 

376 

83.12  83.02 

-1.27  - 

0.256 

Low  RH 

236 

84.79  84.82 

0.53  - 

0.692 

High  RH 

240 

86.92  87.02 

2.73  - 

0.045 

Low  plus  High  RH 

476 

85.86  85.92 

1.63  - 

0.114 

a  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 

because  analysis  was  performed  on  natural  logarithm  scale. 

d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -ADJUSTED 

|?i$ :  '•  til  ■  /v; 

Difference  of  AdK^Meari 

vs.  Comparisons  HI 

f> ;<  (I  V : &<> 388 

Dioxin  Category 

(95%  C.I.y 

liPllilili 

Comparison 

1,193 

82.72 

Background  RH 

374 

82.67 

-0.05  - 

0.961 

Low  RH 

235 

83.42 

0.70  - 

0.600 

High  RH 

238 

83.78 

1.06  - 

0.436 

Low  plus  High  RH 

473 

83.60 

0.88  - 

0.389 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Jiff 3  5 

j|j|§|(j| 8wl  |  Jgjgj  || 

Adjusted  Slope 

j||j}|lj  I  1 #i§g  (Std.Error)b  jjtjl|  p- Value  1 1 

Low  283  83.77 

Medium  285  83.02 

High  284  87.18 

0.001  0.005  (0.005)  0.336 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a- 1 -acid  glycoprotein  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-45.  Analysis  of  a-1-Acid  Glycoprotein  (mg/dl)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Dioxin  n  Adj.  Mean8 

Adjusted  Slope 

ilUii  (Std.  Error)b  |||  p- Value 

Low  283  82.64 

Medium  283  80.92 

High  281  81.52 

0.056  -0.012  (0.006)  0.049 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a- 1 -acid  glycoprotein  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


In  the  Model  3  unadjusted  analysis  of  a- 1 -acid  glycoprotein,  a  significant  difference  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons  was  found  (Table  13-45(e):  difference  of 
means=2.73  mg/dl,  p=0.045).  The  adjusted  analysis  showed  no  significant  contrasts  between  each  of  the 
dioxin  categories  and  Comparisons  (Table  13-45(f):  p>0.38  for  each  contrast). 

No  significant  association  between  a- 1 -acid  glycoprotein  and  1987  dioxin  was  revealed  in  the  unadjusted 
Model  4  analysis  (Table  13-45(g):  p=0.336).  After  co variate  adjustment,  a  significant  inverse  relation 
was  found  (Table  13-45(h):  adjusted  slope=-0.012,  p=0.049).  The  mean  a-l-acid  glycoprotein  levels  in 
the  low,  medium,  and  high  1987  dioxin  categories  were  82.64  mg/dl,  80.92  mg/dl,  and  81.52  mg/dl, 
respectively. 

13.2.2.3.37  a-l-Acid  Glycoprotein  ( Discrete ) 

The  unadjusted  analysis  of  a-l-acid  glycoprotein  in  Model  1  did  not  show  a  significant  group  difference 
between  Ranch  Hands  and  Comparisons  overall  or  after  stratifying  by  occupation  (Table  13-46(a): 
p>0.10  for  each  contrast).  The  adjusted  analysis  revealed  a  marginally  significant  difference  between 
Ranch  Hands  and  Comparisons  among  the  enlisted  groundcrew  stratum  (Table  13-46(b):  Adj.  RR=1.86, 
p=0.066).  The  percentage  of  Ranch  Hand  enlisted  groundcrew  with  high  a-l-acid  glycoprotein  levels 
was  5.4  versus  3.2  of  Comparison  enlisted  groundcrew. 


Table  13-46.  Analysis  of  a-1-Acid  Glycoprotein  (Discrete) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 
Category  ; 

Group 

Number  (%) 

All 

Ranch  Hand 

859 

37(4.3 ) 

1.34(0.85,2.11) 

0.209 

Comparison 

1,231 

40  (3.2) 

Officer 

Ranch  Hand 

340 

8  (2.4) 

0.76  (0.32,1.82) 

0.542 

Comparison 

490 

15  (3.1) 

Enlisted  Flyer 

Ranch  Hand 

150 

9  (6.0) 

1.62  (0.59,4.47) 

0.348 

Comparison 

185 

7  (3.8) 

Enlisted 

Ranch  Hand 

369 

20  (5.4) 

1.71(0.89,3.28) 

0.105 

Groundcrew 

Comparison 

556 

18(3.2) 
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Table  13-46.  Analysis  of  cc-1-Acid  Glycoprotein  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

||;  Occupational  Cattgot^;  -  >-§  -’S-jp j;i 

■  (95%  CX)  :  ■ 

p- Value 

All 

1.39(0.88,2.21) 

0.163 

Officer 

0.73  (0.31,1.76) 

0.487 

Enlisted  Flyer 

1.78  (0.64,4.95) 

0.270 

Enlisted  Groundcrew 

1.86  (0.96,3.60) 

0.066 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

|  Analysis  Results  for  Logj,  (Initial  Dioxin)4  f§  il 

Initial  Number  (%) 

Dioxin  ::  n  High 

K  •  ■  Estimated  Relative  Risk |  1} ■' I (M 

(95%  C.I.)b  p- Value 

Low  158  6  (3.8) 

Medium  159  10  (6.3) 

High  159  7  (4.4) 

1.00(0.72,1.38)  0.991 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

:  ;  (95%  CX)a  ■  p- Value 

_ 473 _ 0.92(0.63,1.35)  _  0.684 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


j|j|J  ’  Dioxin  Category^  '%  | 

.  .  n  •: 

f il'pj 

TDgh 

$  f  y  ■ESk'Reladive^IliSk'  j 

.  \t  '(95%'C3oab'';v|ff|:i 

Comparison 

1,194 

39  (3.3) 

Background  RH 

376 

13  (3.5) 

1.00  (0.52,1.90) 

Low  RH 

236 

11  (4.7) 

1.47  (0.74,2.91) 

High  RH 

240 

12  (5.0) 

1.65  (0.85,3.21) 

Low  plus  High  RH 

476 

23  (4.8) 

1.56  (0.92,2.64) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-46.  Analysis  of  cc-1-Acid  Glycoprotein  (Discrete)  (Continued) 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

!  ADJUSTED; 

Dioxin  Category 

n  ■ 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,193 

Background  RH 

374 

1.12(0.58,2.16) 

Low  RH 

235 

1.47  (0.73,2.94) 

High  RH 

238 

1.54  (0.77,3.08) 

0.222 

Low  plus  High  RH 

473 

1.50  (0.88,2.58) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

Analysis  Results  for  Ldg2  (1987  Dioxin  +  |||j 

?  I  s  jgjpi tx&ted '-RfelativedR^: ?  jc  *'  SI  ”*  *  *  ‘  *  ? »  *  \  Vs' 

(95%  C.L)a  p- Value  ^ 

1.00(0.80,1.25)  0.986 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

•  ;  n (95% c.i.)a 

847  0.87(0.68,1.11) 

0.261 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

All  unadjusted  and  adjusted  analyses  in  Models  2  through  4  showed  no  significant  relation  between 
dioxin  and  dichotomized  a- 1 -acid  glycoprotein  (Table  13-46(c-h):  p>0.10  for  each  analysis). 

13.2. 2.3. 38  a- 1 -Antitrypsin  ( Continuous ) 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  a- 1 -antitrypsin  revealed  significant  overall  group 
differences  (Table  13-47(a,b):  difference  of  means=3.5  mg/di,  p=0.002;  difference  of  adjusted  means=3.6 
mg/dl,  p=0.001,  respectively).  The  adjusted  mean  a- 1 -antitrypsin  level  was  146.7  mg/dl  for  all  Ranch 
Hands  and  143.1  mg/dl  for  all  Comparisons.  After  stratifying  by  occupation,  the  unadjusted  and  adjusted 
analyses  each  showed  a  significant  difference  between  Ranch  Hands  and  Comparisons  among  the  enlisted 
groundcrew  (Table  13-47(a,b):  difference  of  means=5.5  mg/dl,  p=0.001,  unadjusted;  difference  of 
adjusted  means=5.9  mg/dl,  p<0.001,  adjusted).  In  addition,  stratifying  by  occupation  in  the  adjusted 
analysis  revealed  a  marginally  significant  difference  between  Ranch  Hands  and  Comparisons  within  the 
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enlisted  flyer  stratum  (Table  13~47(b):  difference  of  adjusted  means=4.7  mg/dl,  p=0.086).  The  adjusted 
mean  a- 1 -antitrypsin  levels  for  Ranch  Hands  and  Comparisons  in  the  enlisted  flyer  stratum  were  150.5 
mg/dl  and  145.9  mg/dl,  respectively.  Within  the  enlisted  groundcrew  stratum,  the  adjusted  mean 
a- 1 -antitrypsin  levels  were  151.5  mg/dl  and  145.6  mg/dl  for  Ranch  Hands  and  Comparisons,  respectively. 


Table  13-47.  Analysis  of  a-1 -Antitrypsin  (mg/dl)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Mean3 

Difference  of  Means  l|  1 
(95%  C.I.)b 

Ilf;!  p-VaIuec  fjffgj 

All 

Ranch  Hand 

859 

150.0 

Cr, 

1 

I 

0.002 

Comparison 

1,231 

146.5 

Officer 

Ranch  Hand 

340 

143.9 

0.9  - 

0.609 

Comparison 

490 

143.0 

Enlisted  Flyer 

Ranch  Hand 

150 

155.3 

4.2  - 

0.136 

Comparison 

185 

151.1 

Enlisted 

Ranch  Hand 

369 

153.5 

5.5  - 

0.001 

Groundcrew 

Comparison 

556 

148.0 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(^MjplWpJLa: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

•K  |  Occupational 
Category 

Group 

iliiiiiSii 

If  Difference  of  Adj.  Meahs  f  M 
(95%C.I.)b  /: 

AU 

Ranch  Hand 

854 

146.7 

3.6- 

0.001 

Comparison 

1,229 

143.1 

Officer 

Ranch  Hand 

340 

138.6 

O 

a 

a 

0.693 

Comparison 

489 

137.9 

Enlisted  Flyer 

Ranch  Hand 

148 

150.5 

4.7  - 

0.086 

Comparison 

184 

145.9 

Enlisted 

Ranch  Hand 

366 

151.5 

5.9  - 

<0.001 

Groundcrew 

Comparison 

556 

145.6 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  13-47.  Analysis  of  a-1 -Antitrypsin  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1 1  Analysis  Results  for  Log2  (Initial  Dioxin)b  f  |  If  j 

Initial  Dioxin  n  Mean3  Adj.  Meanab 

Slope 

R2  (Std.  Error)c  p-Value 

Low  158  148.4  148.2 

Medium  159  153.8  153.7 

High  159  151.8  152.1 

0.013  0.066(0.036)  0.071 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  a-1 -antitrypsin  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  ADJUSTED 

| |J! i  |  Analysis  Results  for  Log2  (Initial  Dioxin)  |  ffljf f§j } 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

R:  :  (Std.  Error)”  p- Value 

Low  158  145.0 

Medium  158  148.8 

High  157  145.6 

0.101  0.023(0.041)  0.582 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  a-1 -antitrypsin  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons 


Comparison 

1,194 

146.8 

146.8 

Background  RH 

376 

148.0 

147.9 

1.1  - 

Low  RH 

236 

148.8 

148.9 

2.1- 

High  RH 

240 

153.8 

154.0 

7.2  - 

Low  plus  High  RH 

476 

151.3 

151.4 

4.6  - 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-47.  Analysis  of  a-1-Antitrypsin  (mg/dl)  ( Continuous )  (Continued) 


;||SH®SaijB«i^M  ANi>  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

DIffeTenCe  Of  Adj.  Mean 
•••;:;ys.G6iiiparisoiiS: '  llift 

1.  111. Jill! 

p-Valuec 

Comparison 

1,193 

143.8 

Background  RH 

374 

147.2 

3.4  - 

0.024 

Low  RH 

235 

145.5 

1.7  - 

0.339 

High  RH 

238 

148.4 

4.6  - 

0.011 

Low  plus  High  RH 

473 

147.0 

3.2  - 

0.020 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

Low  283  148.3 

Medium  285  148.2 

High  284  153.1 

0.003  0.040  (0.025)  0.109 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  a- 1 -antitrypsin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  ADJUSTED 

| §f  |  J  §f§§|  1987  Dioxin  Category  Summary  Statistics  S|jjjjj( 

i{»'  C  Analysis  Results  for  Log2.  (1987  Dioxin  +  ij  f  1 

1  f  |  1987  Hill|  !  M 11  III  *  §  1 

IfsJ  Dioxin  |  fkffK  ,  Adj.Mean8  ||g|f 

R2  (Std.  Error)b  p-Value  ■ 

Low  283  147.2 

Medium  283  145.2 

High  281  145.0 

0.102  -0.047(0.027)  0.089 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  a- 1 -antitrypsin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  2  analysis  revealed  a  marginally  significant  positive  association  between 

a- 1 -antitrypsin  and  initial  dioxin  (Table  13-47 (c):  slope=0.066,  p=0.071).  After  adjusting  for  covariates, 

the  relation  became  nonsignificant  (Table  13-47(d):  p=0.582). 
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The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  mean  a- 1 -antitrypsin 
levels  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons,  as  well  as  between  Ranch 
Hands  in  the  low  and  high  dioxin  categories  combined  and  Comparisons  (Table  13-47(e):  difference  of 
means=7.2  mg/dl,  pcO.OOl;  difference  of  means=4.6  mg/dl,  p=0.001,  respectively). 

Three  significant  contrasts  were  found  in  the  adjusted  Model  3  analysis  of  a-l-antitrypsin:  Ranch  Hands 
in  the  background  dioxin  category  versus  Comparisons  (Table  13-47(f):  difference  of  adjusted 
means=3.4  mg/dl,  p=0.024),  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  (difference  of 
adjusted  means=4.6  mg/dl,  p=0.01 1),  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
versus  Comparisons  (difference  of  adjusted  means=3.2  mg/dl,  p=0.020).  The  adjusted  mean 
a-l-antitrypsin  levels  for  Ranch  Hands  in  the  background  dioxin  category.  Ranch  Hands  in  the  high 
dioxin  category.  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and  Comparisons  were 
147.2  mg/dl,  148.4  mg/dl,  147.0  mg/dl,  and  143.8  mg/dl,  respectively. 

The  unadjusted  Model  4  analysis  results  were  nonsignificant  (Table  13-47(g):  p=0.109).  After  adjusting 
for  covariates,  a  marginally  significant  inverse  relation  between  a-l-antitrypsin  and  1987  dioxin  was  seen 
(Table  13-47(g):  adjusted  slope=-0.047,  p=0.089).  The  adjusted  mean  a-l-antitrypsin  levels  in  the  low, 
medium,  and  high  1987  dioxin  categories  were  147.2  mg/dl,  145.2  mg/dl,  and  145.0  mg/dl,  respectively. 

13.2.2.3.39  a- 1 -Antitrypsin  ( Discrete ) 

All  unadjusted  and  adjusted  results  for  Models  1  through  4  did  not  reveal  a  significant  association 
between  the  percentage  of  individuals  with  low  a-l-antitrypsin  levels  and  dioxin  or  between  the 
percentage  of  individuals  with  high  a-l-antitrypsin  levels  and  dioxin  (Table  13-48(a-h):  p>0.1 1  for  all 
analyses). 
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Table  13-48.  Analysis  of  a-1 -Antitrypsin  (Discrete) 


(a)  MODEL  1:  RAP^GH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

n 

Number  (%) 

Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Abnormal 

'  Loyfcg^i 

Normal 

Abnormal 

High 

Est  Relative  Risk 
(95%  C.L) 

p- Value 

Est.  Relative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

859 

11  (1.3) 

840  (97.8) 

8(0.9) 

0.88  (0.41,1.87) 

0.737 

2.30(0.75,7.06) 

0.145 

Comparison 

1,231 

18(1.5) 

1,208  (98.1) 

5(0.4) 

Officer 

Ranch  Hand 

340 

8  (2.4) 

330(97.1) 

2(0.6) 

1.06  (0.42,2.65) 

0.908 

_ 

0.327a 

Comparison 

490 

11(2.2) 

479  (97.8) 

0  (0.0) 

Enlisted 

Ranch  Hand 

150 

1  (0.7) 

148  (98.7) 

1  (0.7) 

1.23  (0.08,19.83) 

0.884 

0.61  (0.07,5.25) 

0.657 

Flyer 

Comparison 

185 

1  (0.5) 

182  (98.4) 

2(1.1) 

Enlisted 

Ranch  Hand 

369 

2(0.5) 

362  (98.1) 

5  (1.4) 

0.50  (0.10,2.51) 

0.403 

2.52  (0.61,10.42) 

0.202 

Groundcrew 

Comparison 

556 

6(1.1) 

547  (98.4) 

3  (0.5) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  abnormal  high  a-1- 
antitrypsin  levels. 


:  Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  high  a-1 -antitrypsin  levels. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  — ADJUSTED 


Occupational 


Abnormal  Low  vs.  Normal 


AdjyRelatiye  Risk 


(95%  C.I.) 

;  (95%  C.L) 

p- Value 

All 

0.81  (0.37,1.78) 

0.606 

2.51  (0.80,7.90) 

0.116 

Officer 

1.10(0.44,2.78) 

0.834 

-- 

- 

Enlisted  Flyer 

- 

- 

0.73  (0.08,6.49) 

0.778 

Enlisted  Groundcrew 

0.47  (0.10,2.34) 

0.358 

2.69  (0.63,11.58) 

0.183 

Abnormal  High  vs.  Normal 


Adj.  Relative  Risk 


■:  Results  not  presented  because  of  the  sparse  number  of  participants  with  abnormal  a-1 -antitrypsin  levels. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  abnormal  a- 1-antitrypsin  levels. 
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Table  13-48.  Analysis  of  a-1  -Antitrypsin  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

;  Initial  Dioxin  Category  Summary  Statistics 

Number  (%) 

Analysis  Results  for  Log2  (Initial  Dioxin)* 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Initial  Dioxin  Abnormal  Abnormal 

Category  n  Low  Normal  High 

Est.  Relative  Risk 

(95%  C.I.)b  p-Value 

Est  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  158  1  (0.6)  156  (98.7)  1  (0.6) 

Medium  159  2(1.3)  156(98.1)  1  (0.6) 

High  159  1  (0.6)  157  (98.7)  1  (0.6) 

0.83(0.37,1.90)  0.667 

1.05(0.39,2.80)  0.925 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  —  INITI/) 

1  rs-'c’": 

X  DIOXIN  —  ADJUSTED 

^  r.  - 'l 

* ■  ^  ^  .  'i  '  l  *■*#-■*’■*  -  4'- 

Analysis  Results  for  Log2  (Initial  Dioxin) 

nal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Adi  Relative  Risk  ■  ‘  . 

n  (95%  C.I.)  p-Value 

Adj.  Relative  Risk ... 

(95%  C.I.)a  '  p-Value  ; "  „ 

473  0.75  (0.30,1.84) 

0.526 

0.80(0.21,3.00)  0.735 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  current  wine  consumption,  and  degreasing  chemical  exposure  because  of  the  sparse  number 
of  participants  with  abnormal  a-1 -antitrypsin  levels. 
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Table  13-48.  Analysis  of  a-1  -Antitrypsin  (Discrete)  (Continued) 


(e)  ^<p>EL  3:  ^  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


'v' 

e&bViJ*  v  ,  ■ 

— 

„  -  -  -  : 

Number  (%) 

Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Abnormal 

Low 

Normal 

Abnormal 
/  High 

Est.  Relative  Risk 
(95%  C.l.)‘6 

p- Value 

Est.  Relative  Risk 
(95%  C.J.)ab 

p-Value 

Comparison 

1,194 

17(1.4) 

1,172  (98.2) 

5  (0.4) 

Background  RH 

376 

7  (1.9) 

364  (96.8) 

5(1.3) 

1.14  (0.47,2.79) 

0.772 

2.48  (0.70,8.77) 

0.158 

Low  RH 

236 

2  (0.8) 

233  (98.7) 

1  (0.4) 

0.61  (0.14,2.67) 

0.513 

1.03  (0.11,9.33) 

0.976 

High  RH 

240 

2  (0.8) 

236  (98.3) 

2  (0.8) 

0.68  (0.16,2.98) 

0.610 

3.49  (0.64,19.06) 

0.149 

Low  plus  High  RH 

476 

4  (0.8) 

469  (98.5) 

3  (0.6) 

0.65  (0.22,1.93) 

0.434 

1.91  (0.42,8.72) 

0.404 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH 

HANDS  AND  CO! 

WPARISONS  BY  DIOXIN  C 

ATEGORY  -g 

adjusted;;  -yjgffjff'aiggjl 

■  .  :  • 

Abnormal  Low  vs.  Norn 

lal 

^  Abnormal  High  vs.  Normal  f§;| ;  %  ^ 

Dioxin  Category 

Adj.  Relative  Risk 
(95%  C  I.)a  ; 

p-Value  S 

•••  -  Adj.  Relative  Risk 
(95%.CX)a 

Comparison 

Background  RH 

1,193 

374 

0.78  (0.30,2.01) 

0.602 

2.76  (0.74,10.35) 

0.131 

Low  RH 

235 

0.76  (0.17,3.35) 

0.712 

1.16(0.13,10.62) 

0.895 

High  RH 

238 

1.41  (0.28,7.06) 

0.677 

2.64  (0.43,16.23) 

0.295 

Low  plus  High  RH 

473 

1.03  (0.32,3.31) 

0.955 

1.75  (0.36,8.53) 

0.486 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  abnormal  a-1 -antitrypsin  levels. 


Table  13-48.  Analysis  of  a-1  -Antitrypsin  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  -  UNADJUSTED 

|  .Analysis  Results  for  Logj  (1987  Dioxin  + 1)  nV| 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Nc 

-  5  Abnormal 

Category  n  Low  Normal  High 

Est  Relative  Risk 
>5>Ct)>  p-V^lue 

^E&|^a^veiSSsR; 

Low  283  5(1.8)  274(96.8)  4(1.4) 

Medium  285  3(1.1)  280(98.2)  2(0.7) 

High  284  3(1.1)  279(98.2)  2(0.7) 

0.76(0.49,1.19)  0.229 

0.80  (0.48,1.33) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  —  ADJUSTED 


:  .■  ■■::■:■ 


,v; 


Abitor 


ioxin+i). 


Abnormal  High  V$.  Normal 


Adj.  Relative  Risk  " :  .  "/‘  rAv; 

n  ■  f9S%  r  T  Y  rt- Value 

■  :  .■■-  .v  '  — .  : vy3-<°-'V,1v  P  value  - 


847 


0.84  (0.52,1.37) 


0.486 


Adj*  Relative  Risk 
(95%  C.I.)a  . 


p-Value 


0.75  (0.44,1.29) 


0.302 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  participants  with  abnormal  a-1 -antitrypsin  levels. 


13.2.2.3.40  a-2 -Macro globulin  (Continuous) 

All  unadjusted  and  adjusted  analyses  of  Models  1  through  4  showed  no  significant  associations  between 
dioxin  and  a-2-macroglobulin  in  its  continuous  form  (Table  13~49(a-h):  p>0.23  for  each  analysis). 


Table  13-49.  Analysis  of  oc-2-Macroglobulin  (mg/dl)  (Continuous) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

||)|M 

^fljGro'up;  |j|  j 

;pVleaii®: .  | jpjf 

Difference  of  Means  II 
:  (95%  C.I.)b  : 

Slfcl?  P’Vaiuec  ffj  |j 

AU 

Ranch  Hand 

859 

170.6 

H 0.7 - 

0.726 

Comparison 

1,231 

171.3 

Officer 

Ranch  Hand 

340 

170.6 

-0.4  - 

0.901 

Comparison 

490 

171.0 

Enlisted  Flyer 

Ranch  Hand 

150 

177.0 

-0.4  - 

0.935 

Comparison 

185 

177.4 

Enlisted 

Ranch  Hand 

369 

168.1 

-1.5  - 

0.608 

Groundcrew 

Comparison 

556 

169.6 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


imumpHi 

RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

Occupational 

Category 

IBIiwilili 

1  Differe 

Adj.  Mean8 

nee  of  Adj.  Me 
(95%  C.I.)b  | 

All 

Ranch  Hand 

854 

161.9 

- 0.9 - 

0.610 

Comparison 

1,229 

162.8 

Officer 

Ranch  Hand 

340 

154.5 

-1.2  - 

0.643 

Comparison 

489 

155.7 

Enlisted  Flyer 

Ranch  Hand 

148 

163.8 

-1.9  - 

0.664 

Comparison 

184 

165.7 

Enlisted 

Ranch  Hand 

366 

167.4 

-0.2  - 

0.951 

Groundcrew 

Comparison 

556 

167.6 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-49.  Analysis  of  a-2-Macroglobulin  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

!' |f|p  1 "  Analysis 'Resultsjfor  ;iLpjgi; 

w  f 

Mean3 

Adj.  Meanab 

Slope 

(Std.  Error)c 

|  i  p- Value  ||f? 

Low 

158 

168.1 

168.1 

<0.001 

-0.004  (0.009) 

0.698 

Medium 

159 

175.3 

175.3 

_High _ 

159 

167.4 

167.4 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  a-2-macroglobulin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS-  INITIAL  DIOXIN -  ADJUSTED 

Iff  $jj  Analysis  Results  for  Log2  (Initial  Dioxin)  gj§ |)§|g || 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

R2  (Std.  Error)b  p-Value 

Low  158  154.2 

Medium  158  163.5 

High  157  161.3 

0.135  0.009(0.010)  6.368 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a-2-macroglobulin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)MODEL  ftfjftANCH  HANDS  AI^D  COMPARISONS  BY  DIOXIN  CAyEG^jl^  plS4l>JlJ^|El) 


Dioxin  Category 


Mean3 


Adj.  Meanab 


Difference  of  Adj.  Me&n  Si  if  |l 

(95%  >;rY  o  j)-Ya!ued 


Comparison 

1,194 

171.2 

171.2 

Background  RH 

376 

170.2 

170.2 

-1.0  - 

0.706 

Low  RH 

236 

170.2 

170.2 

-1.0  - 

0.747 

High  RH 

240 

170.2 

170.2 

-1.0  - 

0.741 

Low  plus  High  RH 

476 

170.2 

170.2 

-1.0  - 

0.669 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-49.  Analysis  of  a-2-Macroglobulin  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

Adj.  Mean8 

Difference  of  Adj.  Mean 
.  -  >  f§  vs.  Comparisons  ! 

p- Value* 

Comparison 

1,193 

163.2 

Background  RH 

374 

162.2 

-1.0  - 

0.683 

Low  RH 

235 

159.9 

-3.3  - 

0.232 

High  RH 

238 

163.3 

0.1- 

0.959 

Low  plus  High  RH 

473 

161.6 

-1.6  - 

0.461 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

ill  | >  1987  Didxin  <5ategory  Summary  Statistics  j-  j  J  J 

|  Analysis  Results  forXog2  (1987  Dioxin  +1)  |  j  if  1 

1987  Dioxin  n  Mean8 

'  Adjusted  Slope 

R2  (Std.  Error)b  p- Value 

Low  283  169.9 

Medium  285  170.6 

High  284  170.2 

<0.001  -0.004  (0.006)  0.522 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a-2-macroglobulin  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

f§§  1 1  §j y1987 .  DioxinCategorySuimnaryStatistics !  - ' 

|^i  Analysis  Results  for  Log2  (1987  Dioxin  +  j?)  /  §|j' J 

||§  i9$i 

|gj | /Dioxin  jjj  fgfj  ;  1  A  A$J.Meana  /  f§|j 

Adjusted  Slope 

R-  (Std.  Error)”  p-Value 

Low  283  162.9 

Medium  283  161.1 

High  281  162.8 

0.131  -0.005(0.006)  0.390 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  oc-2-macroglobulin  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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13.2.2.3.41  a-2-Macro globulin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  of  ot-2-macroglobulin  were  nonsignificant  (Table 
13-50(a,b):  p>0.15  for  each  analysis).  The  unadjusted  Model  2  analysis  was  not  significant  (Table 
13-50(c):  p=0.254),  but  the  adjusted  analysis  was  marginally  significant  (Table  13-50(d):  Adj.  RR=1.48, 
p=0.072). 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  high  oc-2-macroglobulin 
levels  between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  (Table  13~50(e):  Est. 
RR=0.46,  p=0.080).  The  percentage  of  Ranch  Hands  in  the  background  category  with  high 
a-2-macroglobulin  levels  was  1.6  versus  3.8  for  Comparisons.  The  same  contrast  was  marginally 
significant  in  the  adjusted  Model  3  analysis  (Table  13-50(f):  Adj.  RR=0.45,  p=0.079). 


Table  13-50.  Analysis  of  a-2-Macroglobulin  (Discrete) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

•  ¥!!§: 

Est.  Relative  Risk 

mSMBSSmm 

p-Value 

AU 

Ranch  Hand 

859 

24(2.8) 

0.72  (0.44,1.19) 

0199 

Comparison 

1,231 

47(3.8) 

Officer 

Ranch  Hand 

340 

8(2.4) 

0.63  (0.27,1.47) 

0.287 

Comparison 

490 

18(3.7) 

Enlisted  Flyer 

Ranch  Hand 

150 

5  (3.3) 

0.55  (0.19,1.61) 

0.271 

Comparison 

185 

11  (5.9) 

Enlisted 

Ranch  Hand 

369 

11  (3.0) 

0.92(0.43,1.97) 

0.827 

Groundcrew 

Comparison 

556 

18  (3.2) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

■■'ii  ^ 5  Hi ;  'k  !  Wb  fill 

/  .  (95%  C.I.)  : 

ifi*  Occupational  Category  M  1  § ;  \ 

:  p-Value  ■ 

All 

0.70(0.42,1.16) 

0.157 

Officer 

0.59  (0.25,1.40) 

0.234 

Enlisted  Flyer 

0.46  (0.15,1.39) 

0.169 

Enlisted  Groundcrew 

1.01  (0.46,2.19) 

0.988 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  high  a-2-macroglobulin 
levels. 


(c)  MODEL  2:  1LYNTH  HANDS  -  IN1TL4L  DIOXIN  -UNADJUSTED 

Uri u  iH 

Dioxin  n  High 

j  n  Estamated  Relative  Risk  || f  Jfjf®  | %  ? 

(95%  C.I;jb  p-Value  ; 

1.22  (0.87,1.71)  6.254 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-50. 

Analysis  of  ct-2-Macroglobulin  (Discrete)  (Continued) 

(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

p!  |  \  ■  Analysis  Results  for  Log2  (Initial  Dioxin)  1 1  M 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value  ,  if!  i||  |  ill!  in 

473 

1.48(0.96,2.27) 

0.072 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  high  a-2- macroglobulin 
levels. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


liSiS®  ipteftiiiP 

Number  (%) 

Est,  Relative  Risk 
'  1 1  (95%  CX)ab  l!ff| 

||  illlliilttilllSI 

Comparison 

1,194 

45  (3.8) 

Background  RH 

376 

6  (1.6) 

0.46  (0.19,1.10) 

0.080 

Low  RH 

236 

7  (3.0) 

0.75  (0.33,1.69) 

0.492 

High  RH 

240 

10  (4.2) 

1.00  (0.49,2.03) 

0.999 

Low  plus  High  RH 

476 

17  (3.6) 

0.87  (0.49,1.55) 

0.632 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


||  DioxinCategory  >|'J| 

(95%  C.I.)a 

Comparison 

1,193 

Background  RH 

374 

0.45(0.19,1.10) 

0.079 

Low  RH 

235 

0.61  (0.27,1.40) 

0.246 

High  RH 

238 

1.09(0.51,2.31) 

0.823 

Low  plus  High  RH 

473 

0.82  (0.45,1.49) 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  high  ce-2-macroglobulin 
levels. 
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Table  13-50.  Analysis  of  cc-2-Macroglobulin  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

HI  1 1|  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  |  \  I 

1987  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

(95%C.I.)a  p-Value 

1.37(1.06,1.77)  0.020 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

n  .  -  (95%C.I.)a 

llSlISlUilSt 

847  1.50(1.08,2.08) 

0.014 

3  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  high  oc-2-macroglobulin 
levels. 


Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  significant  associations  between 
oc-2-macroglobulin  and  1987  dioxin  (Table  13-50(g,h):  Est.  RR=1.37,  p=0.020;  Adj.  RR=1.50,  p=0.014, 
respectively).  The  percentages  of  participants  with  high  a-2-macroglobulin  values  in  the  low,  medium, 
and  high  1987  dioxin  categories  were  1.1,  2.8,  and  4.2,  respectively. 

1 3. 2.2.3.42  Apolipoprotein  B  ( mg/dl )  ( Continuous ) 

The  Model  1  analysis  of  apolipoprotein  B  did  not  show  a  significant  overall  difference  between  Ranch 
Hands  and  Comparisons  in  either  the  unadjusted  or  adjusted  analyses  (Table  13-51(a,b):  p>0.27  for  each 
analysis).  After  stratifying  by  occupation,  a  significant  difference  between  Ranch  Hands  and 
Comparisons  was  discovered  among  the  officers  in  both  the  unadjusted  and  adjusted  analyses  (Table 
13-5 1  (a, b):  difference  of  means=-3.3  mg/dl,  p=0.053,  for  the  unadjusted  analysis;  difference  of  adjusted 
means=-3.3  mg/dl,  p=0.048,  for  the  adjusted  analysis).  The  adjusted  mean  apolipoprotein  B  level  among 
the  Ranch  Hand  officers  was  105.9  mg/dl  versus  109.2  mg/dl  among  the  Comparison  officers. 
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Table  13-51.  Analysis  of  Apolipoprotein  B  (mg/dl)  (Continuous) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

|j? 

Mean11 

Difference  of  Means 
(95%  C.I.)b 

p-Vahiec 

All 

Ranch  Hand 

859 

110.5 

-1.1  ~ 

0.320 

Comparison 

1,231 

111.5 

Officer 

Ranch  Hand 

340 

106.4 

-3.3  - 

0.053 

Comparison 

490 

109.6 

Enlisted  Flyer 

Ranch  Hand 

150 

113.2 

-2.0  - 

0.463 

Comparison 

185 

115.2 

Enlisted 

Ranch  Hand 

369 

113.1 

1.2  - 

0.479 

Groundcrew 

Comparison 

556 

112.0 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


RANCH  H  ANDS  VS.  COMPARISONS  -  ADJUSTED 

mmmmm 

SJI19IBII® 

Adj.-Mean8 

Difference  of  Adj.  Means" 

1  Ilf  (95%  C.I.)bf  HU  (III 

p- Value? .  jfgjl 

AU 

Ranch  Hand 

854 

110.6 

-1.2  - 

0.275 

Comparison 

1,229 

111.8 

Officer 

Ranch  Hand 

340 

105.9 

i 

i 

co 

cd 

1 

0.048 

Comparison 

489 

109.2 

Enlisted  Flyer 

Ranch  Hand 

148 

112.9 

-2.2  - 

0.413 

Comparison 

184 

115.1 

Enlisted 

Ranch  Hand 

366 

112.6 

1.2  - 

0.457 

Groundcrew 

Comparison 

556 

111.4 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Dioxin  Category  Summary  Statistics  i 

|J  |  Analysis  Resultsfor  Log2  (Initial  Dioxin)b  f  % 

Initial  Dioxin  n  Mean8  Adj.  Mean“b 

:  R“  (Std.  Error.'  :  p-Valuc 

Low  158  107.1  107.0 

Medium  159  113.9  113.9 

High  159  114.5  114.6 

0.014  0.107  (0.041)  0.009 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  apolipoprotein  B  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-51.  Analysis  of  Apolipoprotein  B  ( mg/d  I )  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

-ADJUSTED 

jitSfl  j  3  Analysis  Results  for  Log2  (Initial  Dioxin)  |i|§  §  J 1 

Initial  Dioxin  n  Adj.  Mean8 

1  -v  l I  Adj.  Slope  1  tiff  i1  S 

(Std.  Error)6 

Low  158  108.5 

Medium  158  113.8 

High  157  113.2 

0.033 

0.061  (0.048) 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  apolipoprotein  B  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


ijdSjD  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Adj.  Mean8b 

Difference  of  A^j  .'Mean':  v| 
1 ' Ji jt ■  vs,'  Comparisons  |  ipff  1 
5  HI  (95%  C.I.)C  |§f||§ 

BilSiBIll 

Comparison 

1,194 

111.5 

111.5 

Background  RH 

376 

108.8 

108.8 

-2.7  - 

0.057 

Low  RH 

236 

108.9 

108.9 

-2.6  - 

0.131 

High  RH 

240 

114.7 

114.6 

3.1- 

0.073 

Low  plus  High  RH 

476 

111.8 

111.8 

0.3  - 

0.843 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


1 1||  Dioxin  Category  §§j 

|  ffgi  ,  Adj.Mean8  ilf  j ] 

)  ;  r(9S%.;;C.I-)b  ; 

p- Value0 

Comparison 

1,193 

112.0 

Background  RH 

374 

110.0 

-2.0  - 

0.170 

Low  RH 

235 

109.5 

-2.5  - 

0.154 

High  RH 

238 

113.6 

1.6  - 

0.358 

Low  plus  High  RH 

473 

111.6 

* 

o 

i 

0.761 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


13-151 


Table  13-51.  Analysis  of  Apolipoprotein  B  (mg/dl)  (Continuous)  (Continued) 


*  HI  Analysis  Results  for  Lqg2  (1987  Dioxin  +f):  g  jgjj 

1987  Dioxin  n  Mean3 

Adjusted  Slope 

ta««  R2  vlil  II!  (Std.  Error)*  g§jgg  p-Value  | 

Low  283  109.2 

Medium  285  108.0 

High  284  114.2 

0.011  0.083  (0.027)  0.002 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  apolipoprotein  B  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


J§  Analysis  Results  foriog^  (1987  Didxiiv+4)  1  jjl|  4 1 

Adjusted  Slope 

msmetm  1#  Error)*  1||:  p-Value  g 

Low  283  111.0 

Medium  283  109.0 

High  281  112.9 

0.023  0.046  (0.031)  0.142 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  apolipoprotein  B  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  2  analysis  revealed  a  significant  relation  between  initial  dioxin  and  apolipoprotein 
B  (Table  13-5 1(c):  slope=0.107,  p=0.009).  The  adjusted  analysis  results  were  not  significant  (Table  13- 
51(d):  p=0.209). 

The  unadjusted  Model  3  analysis  revealed  two  marginally  significant  contrasts:  Ranch  Hands  in  the 
background  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  high  dioxin  category  versus 
Comparisons  (Table  13-5 1(e):  difference  of  means=-2.7  mg/dl,  p=0.057;  difference  of  means=3.1  mg/dl, 
p=0.073,  respectively).  After  adjusting  for  covariates,  no  contrasts  were  significant  (Table  13-5 1(f): 
p>0.15  for  each  contrast). 

The  Model  4  unadjusted  analysis  of  apolipoprotein  B  revealed  a  significant  association  with  1987  dioxin 
(Table  13-51(g):  slope=0.083,  p=0.002).  The  adjusted  analysis  was  nonsignificant  (Table  13-51(h): 
p=0.142). 

The  reference  range  between  1992  and  1997  decreased  according  to  the  manufacturer's  recommendation. 
Consequently,  the  mean  levels  shown  in  Table  13-51  are  less  than  the  1992  mean  levels. 

13.2.2.3 A3  Apolipoprotein  B  (Discrete) 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  apolipoprotein  B  in  its  dichotomous  form  revealed 
marginally  significant  overall  group  differences  (Table  13-52(a,b):  Est.  RR=0.86,  p=0.087; 

Adj.  RR=0.85,  p=0.073,  respectively).  After  stratifying  by  occupation,  unadjusted  and  adjusted  analyses 
revealed  group  differences  within  the  enlisted  flyer  stratum  (Table  13-52(a,b):  Est.  RR=0.55,  p=0.007; 
Adj.  RR=0.53,  p=0.005,  respectively).  The  percentage  of  participants  in  the  Ranch  Hand  group  with  high 
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apolipoprotein  B  values  was  49.2  versus  53.0  for  Comparisons.  Within  the  enlisted  flyer  stratum,  48.0 
percent  of  the  Ranch  Hands  had  high  apolipoprotein  B  values  versus  62.7  percent  of  the  Comparisons. 
The  unadjusted  Model  2  analysis  revealed  a  marginally  significant  association  between  apolipoprotein  B 
and  initial  dioxin  (Table  13-52(c):  Est.  RR=1.14,  p=0.059).  The  adjusted  analysis  showed  no  significant 
results  (Table  13-52(d):  p=0.456). 


Table  13-52.  Analysis  of  Apolipoprotein  B  (Discrete) 


liliSwiiiiSl 

iliiiiiiiiiii 

Est.  Relative  Risk  1  p 

1 1 1  lilillii  11 1 

p- Value 

All 

Ranch  Hand 

859 

423  (49.2) 

0.86(0.72,1.02) 

0.087 

Comparison 

1,231 

653  (53.0) 

Officer 

Ranch  Hand 

340 

149  (43.8) 

0.80  (0.61,1.06) 

0.114 

Comparison 

490 

242  (49.4) 

Enlisted  Flyer 

Ranch  Hand 

150 

72  (48.0) 

0.55  (0.35,0.85) 

0.007 

Comparison 

185 

116(62.7) 

Enlisted 

Ranch  Hand 

369 

202  (54.7) 

1.07  (0.82,1.39) 

0.615 

Groundcrew 

Comparison 

556 

295  (53.1) 

(b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTItl ) 

Occupational  Category 

Adjusted  Relative  Risk  p-Value 

All 

0.85(0.71,1.02) 

0.073 

Officer 

0.80  (0.61,1.06) 

0.115 

Enlisted  Flyer 

0.53  (0.34,0.82) 

0.005 

Enlisted  Groundcrew 

1.07(0.82,1.40) 

0.603 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUS  J I  D 

statistics  %  *§|it 

;;  v  Analysis  Results  fiirpibg2](lmjial  tKoxin)®  || 

1 1 Sfjl  |  i  |} i 

liaSiiili  1  |  ,ii  Ijiifi  ill  tj  High  Jiijft 

M  Estimated  RelativeRisk 

Low  158  73  (46.2) 

Medium  159  84  (52.8) 

High  159  88  (55.3) 

1.14  (0.99,1.31)  0.059 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

:  •  •  \  t  .  •  **;  * 

(95%  C.I.)a 

p-Value 

473 

1.06  (0.90,1.25) 

0.456 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-52.  Analysis  of  Apolipoprotein  B  (Discrete)  (Continued) 


and  comparisons  by  dioxin  category  -  unadjusted 


n 

?  t>  Number |%)>  >  >>  ;v, 

SillBItt&MKiSlili 

K-  ■  '  Esti  Relative  Risk  *3  V 
(95%  C.L)ab 

IHlj  p«Yalue 

Comparison 

1,194 

636(53.3) 

Background  RH 

376 

174  (46.3) 

0.75  (0.60,0.95) 

0.017 

Low  RH 

236 

113(47.9) 

0.81  (0.61,1.07) 

0.132 

High  RH 

240 

132  (55.0) 

1.08  (0.81,1.42) 

0.606 

Low  plus  High  RH 

476 

245  (51.5) 

0.93  (0.75,1.16) 

0.524 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category  n  (95%  CJ.)a  p-Value 

Comparison  1,193 

Background  RH  374  0.79  (0.62, 1 .00)  0.050 

Low  RH  235  0.82(0.62,1.09)  0.164 

High  RH  238  0.97(0.73,1.30)  0.849 

Low  plus  High  RH _ £73 _ 0.89  (0.72,1.11) _ 0.305 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-52.  Analysis  of  Apolipoprotein  B  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  {1987  Dioxin  + 1) 
f  I ^ tglgff  f  Adjusted  Relative  Risk  $$ 


-i  j  *  ;51 

|  j|?§§J  f  1  p- Value  ?  1 

847 

1.07  (0.96,1.18) 

0.242 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

Model  3  revealed  significant  relations  between  Ranch  Hands  in  the  background  dioxin  category  and 
Comparisons  for  both  the  unadjusted  and  adjusted  analyses  (Table  13-52(e,f):  Est.  RR=0.75,  p=0.017; 
Adj.  RR=0.79,  p=0.050,  respectively).  The  percentage  of  high  apolipoprotein  B  values  among  the  Ranch 
Hands  in  the  background  dioxin  category  was  46.3  versus  53.3  for  Comparisons. 

The  unadjusted  Model  4  analysis  of  apolipoprotein  B  showed  a  significant  association  with  1987  dioxin 
(Table  13-52(g):  Est.  RR=1.12,  p=0.017).  After  adjusting  for  covariates,  the  relation  became 
nonsignificant  (Table  13-52(h):  p=0.242). 

The  reference  range  between  1992  and  1997  decreased  according  to  the  manufacturer’s  recommendation. 
The  change  may  explain  partially  the  decrease  in  the  percentage  of  participants  with  high  apolipoprotein 
B  levels  between  1992  and  1997. 

13. 2. 2. 3. 44  C3  Complement  ( mg/dl )  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  C3  complement  in  its  continuous  form  revealed  no 
significant  group  differences  (Table  13-53(a,b):  p>0.50  for  each  analysis). 


Table  13-53.  Analysis  of  C3  Complement  (mg/dl)  (Continuous) 


^XJNAlpJVSOTD 

IliiPlilWllll 

n  .! 

:  Mean8  . 

,;;f|  :-:(95%IC;I;)b||l 

All 

Ranch  Hand 

859 

118.9 

0.4  — 

0.640 

Comparison 

1,231 

118.5 

Officer 

Ranch  Hand 

340 

114.9 

0.3  - 

0.814 

Comparison 

490 

114.6 

Enlisted  Flyer 

Ranch  Hand 

150 

120.3 

-0.4  - 

0.862 

Comparison 

185 

120.7 

Enlisted 

Ranch  Hand 

369 

122.1 

0.8  - 

0.537 

Groundcrew 

Comparison 

556 

121.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-53.  Analysis  of  C3  Complement  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


1  U 

Adj,  Mean9 

Difference  of  Adj.  Means 

fif-  p^Value*  f  } §||f 

All 

Ranch  Hand 

854 

120.2 

0.2  — 

0.837 

Comparison 

1229 

120.0 

Officer 

Ranch  Hand 

340 

116.5 

0.4  -- 

0.765 

Comparison 

489 

116.1 

Enlisted  Flyer 

Ranch  Hand 

148 

120.8 

-1.4  - 

0.505 

Comparison 

184 

122.2 

Enlisted  Groundcrew 

Ranch  Hand 

366 

122.8 

0.6  - 

0.668 

Comparison 

556 

122.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Analysis 

Initial  Dioxin .  HS 

Mean8  .. 

Slope 

R2  (Std.  Error)' 

|  jfS  p-Val»e!'  1 ;  |  ||f | 

Low 

158 

118.3 

118.8 

0.071  0.012(0.005) 

0.023 

Medium 

159 

123.6 

123.7 

-High _ 

159 

124.0 

123.4 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

i  1 1 1  j&ya|^)ioxm  Category  Summary  Statistics  jflj 

(j'  §!ff ;  Analysis  Results  for  Log2  (friiti|lDidiin)  j  p  j  - 

v  Adj.  Slope 

1  E2  |i  f  |  (|  |i|p§:  f  (Std.  Error)b  |  x'l  § jj  p^al|ue'  f| 

Low  158  119.1 

Medium  158  123.9 

High  157  122.7 

0.083  0.009  (0.006)  0.145 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-53.  Analysis  of  C3  Complement  (mg/dl)  ( Continuous )  (Continued) 


(e)  MODEL  J:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

HlliiilMSiffiWttHiiiilli 

u  Adj.  Meanab 

:  1  111 

p-Valued 

Comparison 

1,194 

118.5 

118.5 

Background  RH 

376 

115.2 

116.7 

-1.8  - 

Low  RH 

236 

120.0 

119.5 

1.0  - 

0.399 

High  RH 

240 

123.9 

122.3 

3.8  - 

Low  plus  High  RH 

476 

122.0 

120.9 

2.4  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


BY  DIOXIN 


*  '  Piv;? 

llilStl  Adj.  Mean* 

Comparison 

1,193 

120.1 

Background  RH 

374 

119.5 

-0.6  - 

0.594 

Low  RH 

235 

121.0 

0.9  - 

0.518 

High  RH 

238 

121.8 

1.7  - 

0.217 

Low  plus  High  RH 

473 

121.4 

1.3  - 

0.213 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

-  ;  4987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

-  •  ■  - 

1987  Dioxin  n  Mean® 

Adjusted  Slope 

R2  (Std.Error)v  p-Vajue 

Low  283  115.1 

Medium  285  117.8 

High  284  124.1 

0.040  0.021  (0.004)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


13-157 


Table  13-53.  Analysis  of  C3  Complement  (mg/dl)  (Continuous)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

fj;  •  Airily 

Dioxin  n  Adj.  Mean3 

Adjusted  Slope 

R2  (Std.  Error)b  p-Value 

Low  283  117.6 

Medium  283  119.6 

High  281  124.6 

0.067  0.017(0.004)  <0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  significant  relation  was  found  between  initial  dioxin  and  C3  complement  in  the  unadjusted  Model  2 
analysis  (Table  13-53(c):  slope=0.012,  p=0.023).  The  adjusted  analysis  was  nonsignificant  (Table 
13-53(d):  p=0.145). 

The  unadjusted  Model  3  analysis  revealed  a  significant  difference  in  mean  C3  complement  levels  between 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons,  as  well  as  between  Ranch  Hands  in  the  low 
and  high  dioxin  categories  combined  and  Comparisons  (Table  13 -5 3(e):  difference  of  means=3.8  mg/dl, 
p=0.003;  difference  of  means=2.4  mg/dl,  p=0.013,  respectively).  The  adjusted  analysis  showed  no 
significant  differences  between  any  of  the  Ranch  Hand  categories  and  Comparisons  (Table  13-53(f): 
p>0.21  for  each  contrast). 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  significant  associations  between  C3 
complement  and  1987  dioxin  (Table  13-53(g,h):  slope=0.021,  pcO.OOl;  adjusted  slope=0.017,  pcO.OOl, 
respectively).  The  adjusted  mean  C3  complement  levels  in  the  low,  medium,  and  high  1987  dioxin 
categories  were  117.6  mg/dl,  119.6  mg/dl,  124.6  mg/dl,  respectively. 

13.2.2.3.45  C3  Complement  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  showed  no  significant  difference  in  the  percentage  of  low 
C3  complement  values  between  Ranch  Hands  and  Comparisons  (Table  13-54(a,b):  p>0.19  for  each 
analysis). 


Table  13-54.  Analysis  of  C3  Complement  (Discrete) 

-  ^ADJUSTED  *  ■■■■■ 

>  J| 

Category 

|||§g|if 

US 

H  WmmmM  B 1 

All 

Ranch  Hand 

859 

15(1.7) 

0.76(0.41,1.44) 

0.398 

Comparison 

1,231 

28  (2.3) 

Officer 

Ranch  Hand 

340 

6(1.8) 

0.61  (0.23,1.61) 

0.317 

Comparison 

490 

14  (2.9) 

Enlisted  Flyer 

Ranch  Hand 

150 

1  (0.7) 

0.24  (0.03,2.09) 

0.197 

Comparison 

185 

5  (2.7) 

Enlisted 

Ranch  Hand 

369 

8  (2.2) 

1.35  (0.51,3.52) 

0.544 

Groundcrew 

Comparison 

556 

9(1.6) 
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Table  13-54.  Analysis  of  C3  Complement  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

,  ijj 4 1  ^Adjusted  Relative  Risk  ft 

p- Value 

All 

0.79  (0.42,1.50) 

0.474 

Officer 

0.62  (0.23,1.63) 

0.333 

Enlisted  Flyer 

0.27  (0.03,2.33) 

0.233 

Enlisted  Groundcrew 

1.41  (0.54,3.71) 

0.487 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  low  C3  complement 
levels. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

|||  i  Analysis  Results  for  Log*  (Initial  Dioxin)®  |  jg§ 

Estimated  Relative  Risk  g,  |p 

:  '  (95  %  C.I.)1’  p- Value; 

Low  158  1  (0.6) 

Medium  159  1  (0.6) 

High  159  1  (0.6) 

1.06  (0.45,2.49)  0.898 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


v4^%OD£I^:1R4NC^ HANDS  -  ADJUSTED  ^ 

'  k/y J&; &--'P 

(Initial  Dioxin)|>f|;|| 

'  rPt  J  jp-Value  | 

iStlllillii 

473  1.01  (0.39,2.62) 

0.977 

3  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  low  C3 
complement  levels. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


■/"  g 

*  Number  (%) 

!§•  Est  RidativeEisk  ■ 

| '  J|  v  .Dioxin,  Category  ' 

iSi*® 

Comparison 

1,194 

26  (2.2) 

Background  RH 

376 

12  (3.2) 

1.28  (0.63,2.57) 

0.495 

Low  RH 

236 

1  (0.4) 

0.20  (0.03,1.46) 

0.111 

High  RH 

240 

2  (0.8) 

0.44  (0.10,1.86) 

0.261 

Low  plus  High  RH 

476 

3  (0.6) 

0.29  (0.08,1.04) 

0.057 

3  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-54.  Analysis  of  C3  Complement  (Discrete)  (Continued) 


©MODEL  3:  RANCH  HANDS  AND  CQiVipARISQNS  BY  DXOXBJ  CATEGORY 

4;^D  JtlST ED  llllJfll 

|  ^Adjusted  Relative  Risk  pl|IJ 
(95%C.I.)a 

p- Value 

Comparison 

1,193 

Background  RH 

374 

1.25(0.61,2.57) 

0.536 

Low  RH 

235 

0.21  (0.03,1.57) 

0.128 

High  RH 

238 

0.49  (0.11,2.17) 

0.351 

Low  plus  High  RH 

473 

0.32(0.09,1.16) 

0.083 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  low  C3  complement  levels. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

&  Uci-  Analysis  Results  for  Log2  (1987  J)idxijf+ 1)  Jt  ^  ^  \ 

1987  Number  (%) 

Estimated  Relative  Risk 

0.61(0.41,0.91)  0.011 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(Ii)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

'  •  •  n-  ...  -  V-  .  .  .  (95%CX)fl  ‘  _ p-Value 

847  0.57  (0.39,0.84)  0,004  ~ 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  low  C3  complement 
levels. 


The  Model  2  unadjusted  and  adjusted  analyses  results  were  nonsignificant  (Table  13-54(c,d):  p>0.89  for 
each  analysis).  Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  marginally  significant 
differences  between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and  Comparisons 
(Table  13-54(e,f):  Est.  RR=0.29,  p=0.057;  Adj.  RR=0.32,  p=0.083,  respectively).  The  percentage  of  low 
C3  complement  values  for  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  was  0.6  versus 
2.2  in  the  Comparison  category. 

The  Model  4  unadjusted  and  adjusted  analyses  each  revealed  a  significant  association  between  C3 
complement  and  1987  dioxin  (Table  13-54(g,h):  Est.  RR=0.61,  p=0.011;  Adj.  RR=0.57,  p=0.004. 
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respectively).  The  percentages  of  low  C3  complement  values  in  the  low,  medium,  and  high  1987  dioxin 
categories  were  3.5,  1 . 1 ,  and  0.7,  respectively. 

13.2,2.3.46  C4  Complement  ( Continuous ) 

The  Model  1  unadjusted  analysis  of  C4  complement  showed  no  overall  group  differences  (Table 
13~55(a,b):  p>0.33  for  each  analysis).  Stratifying  by  occupation  revealed  a  significant  difference 
between  Ranch  Hand  and  Comparison  officers,  as  well  as  enlisted  flyers  (Table  13-55(a):  difference  of 
means=-0.81  mg/dl,  p=0.024,  for  the  officer  stratum;  difference  of  means=1.02  mg/dl,  p=0.076,  for  the 
enlisted  flyer  stratum).  After  adjusting  for  covariates,  a  significant  difference  between  Ranch  Hands  and 
Comparisons  was  noted  only  among  the  officer  stratum  (Table  13-55(b):  difference  of  adjusted 
means=-0.90  mg/dl,  p=0.017).  The  adjusted  mean  C4  complement  value  for  Ranch  Hand  officers  was 
26.02  mg/dl  versus  26.91  mg/dl  for  Comparison  officers. 


Table  13-55.  Analysis  of  C4  Complement  (mg/dl)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

^Occupational] 

$  Difference  of  Means 

§1|| 

All 

Ranch  Hand 

859 

25.71 

H 0.20 - 

0.395 

Comparison 

1,231 

25.91 

Officer 

Ranch  Hand 

340 

24.73 

i 

oo 

o 

1 

0.024 

Comparison 

490 

25.54 

Enlisted  Flyer 

Ranch  Hand 

150 

26.52 

1.02  - 

0.076 

Comparison 

185 

25.50 

Enlisted 

Ranch  Hand 

369 

26.31 

-0.06  - 

0.862 

Groundcrew 

Comparison 

556 

26.38 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


•|  Occupational 

is* 

1  1  (95%  mm  ||1  1 

All 

Ranch  Hand 

854 

26.98 

- 0.23  - 

0.333 

Comparison 

1,229 

27.21 

Officer 

Ranch  Hand 

340 

26.02 

-0.90- 

0.017 

Comparison 

489 

26.91 

Enlisted  Flyer 

Ranch  Hand 

148 

27.74 

0.98  - 

0.104 

Comparison 

184 

26.77 

Enlisted 

Ranch  Hand 

366 

27.61 

-0.06  - 

0.876 

Groundcrew 

Comparison 

556 

27.67 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-55.  Analysis  of  C4  Complement  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Adj.  Meanab 

||I:|r||1||| 

iii«  i 

(Std.  Error)c  p- Value 

Low 

158 

25.72 

0.002 

-0.003  (0.007)  0.701 

Medium 

159 

26.43 

26.43 

_l!£h _ 

159 

26.07 

26.05 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


«II  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

!§|||| !  Analysis  Results  for  Log2  (Initial  Dioxin)'  §f|g  j  jg |||S  * 

Initial  Dioxin  n  Adj.  Mean8 

/■y  Adj.  Slope 

fflfif  R2  "  liflili  (Std.  Error)b  j  /'jpjValufe  J 

Low  158  26.58 

Medium  158  27.31 

High  157  27.01 

0.019  -0.004(0.008)  0.638 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Adj.  Mean*”  ”(9S%  CJ.)*  p-Value** 


Comparison 

1,194 

25.91 

25.90 

Background  RH 

376 

25.26 

25.41 

-0.49  - 

Low  RH 

236 

26.07 

26.03 

0.13- 

High  RH 

240 

26.06 

25.91 

0.01  - 

Low  plus  High  RH 

476 

26.06 

25.97 

0.07  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-55.  Analysis  of  C4  Complement  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj  .  Mean 

1 


ilBifflHlBPiiiiiSl 

iltSf 

1 1  p- Value0 

Comparison 

1,193 

27.24 

Background  RH 

374 

26.93 

-0.31  - 

Low  RH 

235 

27.27 

0.03  - 

High  RH 

238 

26.97 

-0.27  - 

Low  plus  High  RH 

473 

27.12 

-0.12- 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(fi)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED  ; 

1 1: iv  Analysis  Re§ul&for  f  4 1 

/  ■■■  :  V:  ;V;:  :  ;  :  : 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

S:;  RJ  ■  (Std.  Error)1’  /  p-Valuc 

Low  283  25.10 

Medium  285  25.85 

High  284  26.19 

0.004  0.009  (0.005)  0.070 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


M  1  198(7|DioxinCategorySummary §|§ 

\  rj  fft  Analysis  Resultsfor  Log2  (19^Di<t>^^ \  t  ! 

1987 

Dioxin  n  Adj.  Mean8 

;4%i  ^WVaffie  v 

Low  283  26.73 

Medium  283  27.16 

High  281  27.02 

0.044  0.001  (0.005)  0.849 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  and  adjusted  analyses  for  Models  2  and  3  showed  no  significant  relation  between  dioxin 
and  C4  complement  (Table  13-55(c-f):  p>0.10  for  each  analysis).  A  marginally  significant  association 
between  1987  dioxin  and  C4  complement  was  revealed  in  the  unadjusted  Model  4  analysis  (Table 
13-55(g):  slope=0.009,  p=0.070).  After  covariate  adjustment,  the  adjusted  analysis  results  became 
nonsignificant  (Table  13-55(h):  p=0.849). 
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13.2.2.3.47  C4  Complement  ( Discrete ) 

Because  of  a  sparse  number  of  low  C4  complement  values  among  the  participants,  some  analyses  were 
not  possible.  Table  13-56  contains  the  results  of  these  analyses. 


Table  13-56.  Analysis  of  C4  Complement  (Discrete) 


UNADJUSTED  , 


'|y  Ga6gory‘|;J;. 

feKI -1 

Number  {%) 

EstRelative  Risk  <v; 

■  (95%  C.I.) 

p- Value 

All 

Ranch  Hand 

859 

2  (0.2) 

1.43  (0.20,10.20) 

0.719 

Comparison 

1,231 

2  (0.2) 

Officer 

Ranch  Hand 

340 

2(0.6) 

2.89  (0.26,32.04) 

0.386 

Comparison 

490 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

150 

0  (0.0) 

— 

0.999a 

Comparison 

185 

1  (0.5) 

Enlisted 

Ranch  Hand 

369 

0  (0.0) 

_ 

_ 

Groundcrew 

Comparison 

556 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  low  C4  complement  level. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  low  C4  complement  level. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COM 

[PARiSONS -ADJUSTED 

Adjusted  Relative  Risk 

mmm 

p- Value 

AU 

1.46(0.20,10.59) 

0.707 

Officer 

2.85  (0.26,31.68) 

0.394 

Enlisted  Flyer 

— 

-- 

Enlisted  Groundcrew 

- 

- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  low  C4  complement  level. 


Note:  Results  for  analysis  across  all  occupational  categories  are  not  adjusted  for  race,  occupation,  and  degreasing 
chemical  exposure  because  of  the  sparse  number  of  participants  with  a  low  C4  complement  level;  results  for 
individual  occupational  categories  are  not  adjusted  for  race  and  degreasing  chemical  exposure  because  of  the  sparse 
number  of  participants  with  a  low  C4  complement  level. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Lqg2  (Initial  Dioxin)® 

Initial  Number  (%) 

Dioxin  n  Low 

Estimated  Relative  Risk 

(95%,  C.I.)b  p-Value 

Low  158  0(0.0) 

Medium  159  0  (0.0) 

High  159  0  (0.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  C4  complement  level. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-56.  Analysis  of  C4  Complement  ( Discrete )  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
-  (95%  C.I.)  • 

p-Value 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  C4  complement  level. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXLN  CATEGORY 

n 

;|f|| 

|  :  Est.  Relative  Risk 
(95%;  CX)ab 

p- Value 

Comparison 

1,194 

2  (0.2) 

Background  RH 

376 

2(0.5) 

3.46  (0.47,25.38) 

0.222 

Low  RH 

236 

0  (0.0) 

— 

0.999c 

High  RH 

240 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.913c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  low  C4  complement  level. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  C4  complement  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


HI  Dioxin  Category  |j||| 

Adjusted  Relative  Risk 

||i|i 

Comparison 

1,193 

Background  RH 

374 

2.99  (0.40,22.39) 

0.286 

Low  RH 

235 

— 

_ 

High  RH 

238 

— 

— 

Low  plus  High  RH 

473 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  C4  complement  level. 
Note:  RH  =  Ranch  Hand. 


Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race,  occupation,  and  degreasing  chemical  exposure  because  of  the  sparse  number 
of  participants  with  a  low  C4  complement  level. 
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Table  13-56.  Analysis  of  C4  Complement  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Low 

Estimated  Relative  Risk  III!  1  * 

H!  1 1  J  (95%  CX)a  llll  lllllll  p- Value 

Low  283  2  (0.7) 

Medium  285  0  (0.0) 

High  284  0  (0.0) 

0.32(0.12,0.90)  0.033 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  ~  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 


IS  f:  6: 

Adjusted  Relative  Risk 

j  \  H  p- Value  1 1  IfHli  | 

847 

0.26  (0.08,0.86) 

0.024 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  industrial  chemical  exposure,  and  degreasing  chemical  exposure 
because  of  the  sparse  number  of  Ranch  Hands  with  a  low  C4  complement  level. 


Unadjusted  and  adjusted  results  for  Models  1  through  3  revealed  no  significant  associations  between  C4 
complement  in  its  dichotomous  form  and  dioxin  (Table  13-56(a-f):  p>0.22  for  each  contrast).  The 
unadjusted  and  adjusted  Model  4  analyses  revealed  a  significant  relation  between  C4  complement  and 
1987  dioxin  (Table  13-56(g,h):  Est.  RR=0.32,  p=0.033;  Adj.  RR=0.26,  p=0.024,  respectively). 

13.2.2.3.48  Haptoglobin  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  of  haptoglobin  each  revealed  a  significant  overall  group 
difference  (Table  13-57(a,b):  difference  of  means=8.7  mg/dl,  p=0.002,  for  the  unadjusted  analysis; 
difference  of  means=8.0  mg/dl,  p=0.003,  for  the  adjusted  analysis).  The  adjusted  mean  haptoglobin 
values  for  the  Ranch  Hands  were  128.5  mg/dl  versus  120.5  mg/dl  for  the  Comparisons.  After  stratifying 
by  occupation,  both  the  unadjusted  and  adjusted  analyses  showed  a  significant  difference  in  mean 
haptoglobin  levels  between  Ranch  Hands  and  Comparisons  in  the  enlisted  groundcrew  stratum  (Table 
13-57(a,b):  difference  of  means=10.2  mg/dl,  p=0.016,  for  the  unadjusted  analysis;  difference  of  adjusted 
means=9.9  mg/dl,  p=0.016,  for  the  adjusted  analysis).  The  adjusted  mean  haptoglobin  level  among 
Ranch  Hand  enlisted  groundcrew  was  137.4  mg/dl  versus  127.4  mg/dl  among  Comparison  enlisted 
groundcrew. 
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Table  13-57.  Analysis  of  Haptoglobin  (mg/dl)  (Continuous) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

WmmSM 

Group 

Difference  of  Means  .  | 
(95%  r.i.)h 

All 

Ranch  Hand 

859 

135.2 

8  7- 

0.002 

Comparison 

1,231 

126.5 

Officer 

Ranch  Hand 

340 

122.4 

6.1- 

0.140 

Comparison 

490 

116.3 

Enlisted  Flyer 

Ranch  Hand 

150 

147.8 

10.4  - 

0.141 

Comparison 

185 

137.4 

Enlisted 

Ranch  Hand 

369 

142.5 

10.2  - 

0.016 

Groundcrew 

Comparison 

556 

132.3 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 

presented  because  analysis  was  performed  on  square  root  scale. 

c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

;;C^tegory.^fe 

-i 

until! 

Adj.  Mean8 

(95%  C.I.)b  , 

All 

Ranch  Hand 

854 

128.5 

8.0  — 

0003 

Comparison 

1,229 

120.5 

Officer 

Ranch  Hand 

340 

112.2 

5.4  - 

0.172 

Comparison 

489 

106.8 

Enlisted  Flyer 

Ranch  Hand 

148 

137.3 

9.5  - 

0.160 

Comparison 

184 

127.8 

Enlisted 

Ranch  Hand 

366 

137.4 

9.9  - 

0.016 

Groundcrew 

Comparison 

556 

127.4 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

>>44'^  4  5  Initial  Dioxin  Category  Summary  Statistics  | 

Analysis  Results  for  Log,  tlnitial  Dioxin)1* 

Initial  Dioxin  n  jg  Mean8  .Adj.  Mean8” 

RJ  (Std.  Error)1  p-Value 

Low  158  130.2  130.3 

Medium  159  144.4  144.5 

High  159  140.0  139.9 

0.002  0.084  (0.097)  0.387 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  haptoglobin  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-57.  Analysis  of  Haptoglobin  ( mg/dl )  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

1 1 1 1  |f§  Analysis  Results  for  Log2  (Initial  Dioxin)  ||  f 1  i§  | 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

*1111118  R2  (Std.  Error)b  p-Value 

Low  158  118.8 

Medium  158  124.6 

High  157  116.4 

0.066  -0.087(0.111)  0.433 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  haptoglobin  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons 


Comparison 

1,194 

126.7 

126.7 

Background  RH 

376 

131.3 

131.4 

4.7  - 

0.210 

Low  RH 

236 

134.6 

134.5 

7.8- 

0.078 

High  RH 

240 

141.8 

141.7 

15.0  - 

0.001 

Low  plus  High  RH 

476 

138.2 

138.1 

11.4  - 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  AD  JUSTED 


§§j§  |  Category  1  ■  lj|g  j  \ 

amiiilssi 

Adj.  Mean8 

Difference  of  Adj  S|  Mean 

:  (95%  C.l.)’’ 

lautSifti 

Comparison 

1,193 

120.9 

Background  RH 

374 

129.8 

8.9  - 

0.014 

Low  RH 

235 

127.5 

6.6  - 

0.118 

High  RH 

238 

128.0 

7.1- 

0.105 

Low  plus  High  RH 

473 

127.7 

6.8- 

0.036 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  13-57.  Analysis  of  Haptoglobin  (mg/dl)  (Continuous)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  283  130.4 

Medium  285  132.6 

High  284  142.5 

0.002  0.074  (0.065)  0.254 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  haptoglobin  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1 ) 

Dioxin  n  Adj.  Mean8 

R2  |  I  (Std.  Error)®  ij|  ||||  p-Value  §§l 

0.055  -0.116(0.073)  0.114 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  haptoglobin  versus  Iog2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  and  adjusted  Model  2  analyses  showed  no  significant  relation  between  initial  dioxin  and 
haptoglobin  (Table  13-57(c,d):  p>0.38  for  each  analysis).  Three  significant  contrasts  were  found  in  the 
unadjusted  Model  3  analysis  of  haptoglobin:  Ranch  Hands  in  the  low  dioxin  category  versus 
Comparisons  (Table  13-57(e):  difference  of  means=7.8  mg/dl,  p=0.078),  Ranch  Hands  in  the  high  dioxin 
category  versus  Comparisons  (Table  13-57(e):  difference  of  means=15.0  mg/dl,  p=0.001),  and  Ranch 
Hands  in  the  low  and  high  dioxin  categories  combined  versus  Comparisons  (Table  13-57(e):  difference 
of  means=l  1.4  mg/dl,  p=0.001). 

After  adjusting  for  covariates,  two  contrasts  were  found  to  be  significant  in  the  Model  3  analysis:  Ranch 
Hands  in  the  background  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and  high 
dioxin  categories  combined  versus  Comparisons  (Table  13-57(f)‘  difference  of  adjusted  means=8.9 
mg/dl,  p=0.014;  difference  of  adjusted  means=6.8  mg/dl,  p=0.036,  respectively).  The  adjusted  mean 
haptoglobin  levels  for  Ranch  Hands  in  the  background  dioxin  category,  Ranch  Hands  in  the  low  and  high 
dioxin  categories  combined,  and  Comparisons  were  129.8  mg/dl,  127.7  mg/dl,  and  120.9  mg/dl 
respectively.  No  significant  relation  was  determined  between  1987  dioxin  and  haptoglobin  in  either  the 
unadjusted  or  adjusted  Model  4  analysis  (Table  13-57(g,h):  p>0. 1 1  for  each  analysis). 

13.2.2.3.49  Haptoglobin  (Discrete) 

A  significant  overall  group  difference  was  revealed  in  both  the  unadjusted  and  adjusted  Model  1  analyses 
of  haptoglobin  in  its  discrete  form  (Table  13-58(a,b):  Est.  RR=1.26,  p=0.017;  Adj.  RR=1.26,  p=0.020, 
respectively).  The  percentage  of  Ranch  Hands  with  high  haptoglobin  levels  was  32.7  versus  27.9  for 
Comparisons.  After  stratifying  by  occupation,  both  the  unadjusted  and  adjusted  analyses  revealed  a 
marginally  significant  difference  between  Ranch  Hands  and  Comparisons  among  the  enlisted  groundcrew 
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(Table  13~58(a,b):  Est.  RR=1.30,  p=0.063;  Adj.  RR=1.31,  p=0.061,  respectively).  The  percentage  of 
high  haptoglobin  levels  among  the  Ranch  Hand  enlisted  groundcrew  was  37.4  versus  31.5  among  the 
Comparison  enlisted  groundcrew. 


Table  13-58.  Analysis  of  Haptoglobin  (Discrete) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

.  ip|  Est  Relative  Risk  §|l§ 
(95%  C.L)  ^ 

iliiigiiiiij!:  i 

All 

Ranch  Hand 

859 

281  (32.7) 

1.26(1.04,1.52) 

0.017 

Comparison 

1,231 

343  (27.9) 

Officer 

Ranch  Hand 

340 

84  (24.7) 

1.19(0.86,1.65) 

0.300 

Comparison 

490 

106  (21.6) 

Enlisted  Flyer 

Ranch  Hand 

150 

59  (39.3) 

1.29  (0.82,2.01) 

0.271 

Comparison 

185 

62  (33.5) 

Enlisted 

Ranch  Hand 

369 

138  (37.4) 

1.30  (0.99,1.72) 

0.063 

Groundcrew 

Comparison 

556 

175  (31.5) 

(^MOPELl: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

iWiiiiP' 

lKISS:Sii 

1  Adj  iistedRelativeRi  sk 

t  ^  N  (  Occupational  Category  ■; 

mm 

■  (95%C.I.) 

All 

1.26(1.04,1.52 ) 

0.020 

Officer 

1.18(0.85,1.64) 

0.316 

Enlisted  Flyer 

1.27(0.81,2.01) 

0.295 

Enlisted  Groundcrew 

1.31(0.99,1.73) 

0.061 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


| f§|  § |;VTnitial  Dioxin  Category  Summary  Statistics  j§  | 

X  *  ^Initial  *  ^  1  1  j?v  Vi  ’  (Slumber t%jK /l  jy| 

||  Dioxin  fi  n  |  |  & 

(95%  C.1.1”  p- Value  .i 

Low  158  49(31.0) 

Medium  159  57  (35.8) 

High  159  58  (36.5) 

1.05(0.91,1.21)  0.506 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-58.  Analysis  of  Haptoglobin  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)-.=  Esk  Relative  Risk 

Dioxin  Category 

n 

till  ii!  ||  |||il  <95%  cx)ab  i. 

p- Value 

Comparison 

1,194 

337  (28.2) 

Background  RH 

376 

115(30.6)  1.13(0.88,1.46) 

0.338 

Low  RH 

236 

78(33.1)  1.25(0.93,1.69) 

0.140 

High  RH 

240 

86(35.8)  1.41  (1.05,1.89) 

0.023 

Low  plus  High  RH 

476 

164(34.5)  1.33(1.06,1.67) 

0.015 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(fl  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  (j||i| 

l!i|2f^sPwxija;^Ca(teg6ry  |;J 

n  '' 

jj§!  |i|i|iiiJ|||g!|! 

Comparison 

1,193 

Background  RH 

374 

1.32(1.01,1.72) 

0.042 

Low  RH 

235 

1.25  (0.92,1.69) 

0.160 

High  RH 

238 

1.15(0.84,1.56) 

0.382 

Low  plus  High  RH 

473 

1.19(0.95,1.51) 

0.136 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

’CrA  |  f  \  Analysis  Results  fbrLog2  (1987  Dloxin  +  1)  \ 

1987  Number  (%) 

Dioxin  n  High 

Low  283  86  (30.4) 

Medium  285  88  (30.9) 

High  284  105  (37.0) 

1.03  (0.94,1.14)  0.509 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
(95%  C.L)a 

847  0.91  (0.82,1.02) 

0.107 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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No  significant  relation  between  initial  dioxin  and  haptoglobin  in  its  discrete  form  was  revealed  in  either 
the  unadjusted  or  adjusted  Model  2  analyses  (Table  13-58(c,d):  p>0.50  for  each  analysis).  The 
unadjusted  Model  3  analysis  of  haptoglobin  revealed  significant  differences  between  Ranch  Hands  and 
Comparisons  for  Ranch  Hands  in  the  high  dioxin  category  and  Ranch  Hands  in  the  low  and  high  dioxin 
categories  combined  (Table  13-58(e):  Est.  RR=1.41,  p=0.023;  Est.  RR=1.33,  p=0.015,  respectively). 

The  adjusted  Model  3  analysis  showed  a  significant  difference  between  Ranch  Hands  in  the  background 
dioxin  category  and  Comparisons  (Table  13-58(f):  Adj.  RR=1.32,  p=0.042).  The  percentages  of  high 
haptoglobin  values  for  Ranch  Hands  in  the  background  dioxin  category.  Ranch  Hands  in  the  high  dioxin 
category,  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and  Comparisons  were  30.6, 

35.8,  34.5,  and  28.2,  respectively.  The  unadjusted  and  adjusted  Model  4  analyses  were  nonsignificant 
(Table  13-58(g,h):  p>0.10  for  each  analysis). 

1 3. 2.2. 3. 50  T ransferrin  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  each  revealed  a  significant  overall  group  difference  in  the 
mean  levels  of  transferrin  (Table  13-59(a,b):  difference  of  means=3.1  mg/dl,  p=0.044,  for  the  unadjusted 
analysis;  difference  of  adjusted  means=3.1  mg/dl,  p=0.037,  for  the  adjusted  analysis).  The  adjusted  mean 
level  of  transferrin  was  higher  for  the  Ranch  Hands  than  for  the  Comparisons  (246.2  mg/dl  vs.  243.1 
mg/dl).  Stratifying  by  occupation  uncovered  a  marginally  significant  group  difference  within  the  enlisted 
groundcrew  stratum  in  both  the  unadjusted  and  adjusted  analyses  (Table  13-59(a,b):  difference  of 
means=4.5  mg/dl,  p=0.056,  for  the  unadjusted  analysis;  difference  of  adjusted  means=4.2  mg/dl,  p=0.063, 
for  the  adjusted  analysis).  The  adjusted  mean  level  of  transferrin  among  Ranch  Hand  enlisted 
groundcrew  was  247.1  mg/dl  versus  242.9  mg/dl  among  the  Comparison  enlisted  groundcrew. 


Table  13-59.  Analysis  of  Transferrin  (mg/dl)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

ismtUmk 

:  Difference  of  Meansq|  ^ 
(95%  CX)” 

All 

Ranch  Hand 

859 

252.7 

3./- 

0.044 

Comparison 

1,231 

249.6 

Officer 

Ranch  Hand 

340 

250.0 

1.6  - 

0.510 

Comparison 

490 

248.4 

Enlisted  Flyer 

Ranch  Hand 

150 

254.5 

3.0  - 

0.439 

Comparison 

185 

251.5 

Enlisted 

Ranch  Hand 

369 

254.5 

4.5  - 

0.056 

Groundcrew 

Comparison 

556 

250.0 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  13-59.  Analysis  of  Transferrin  (Continuous)  ( mg/dl )  (Continued) 


(h)pMQDELl:  f  VSf  COMPARISONS  -  ADJUSTED 


Group 

iS#llll 

Difference  of  Adj.  Means 

p-Valuec 

All 

Ranch  Hand 

854 

246.2 

K* 

i 

i 

0.037 

Comparison 

1,229 

243.1 

Officer 

Ranch  Hand 

340 

243.5 

1.9  - 

0.412 

Comparison 

489 

241.6 

Enlisted  Flyer 

Ranch  Hand 

148 

247.9 

3.1  - 

0.404 

Comparison 

184 

244.8 

Enlisted  Groundcrew 

Ranch  Hand 

366 

247.1 

4.2  - 

0.063 

Comparison 

556 

242.9 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


■(C)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  UNADJUSTED 

fj  || jg|  Analysis  Results  for  Log*  (Initial  Dioxin)®  |  |f§  fj | 

Initial  Dioxin  n  Mean8  Adj.Meanab 

R2  (Std.  Error)c  p-Value 

Low  158  251.5  251.5 

Medium  159  254.8  254.8 

High  159  255.6  255.5 

0.001  0.003  (0.005)  0.594 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  Iog2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Mil  MODFX  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

||||i 1 1 Initial  Dioxin  Category  Nummary  Statistics  j£ 

T-l  ArihlysiS  Results  forLog2  (Initial  Dioxin)  y  $  ■? 

/Initial  Dioxin  4  n  jgj  |  X  |  j  §1  Adj.Meaii8|l  %  | 

lliiH  iilUliill*  (Std.  Error)b  §f  jfi  1  §§§  p-Value  | 

Low  158  247.6 

Medium  158  249.2 

High  157  249.2 

0.014  -0.001  (0.006)  0.798 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  13-59.  Analysis  of  Transferrin  (Continuous)  (mg/dl)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


IliSililifiiiSilll 

n 

§|  Adj.  Meanab  § 

Difference  of  Adj.  Mean  : 
$  )p|-lvsM^MpSnsO'D|5 
(95%  C.I.)C 

p-Valuec 

Comparison 

1,194 

249.5 

249.5 

Background  RH 

376 

250.9 

250.9 

1.4  - 

0.480 

Low  RH 

236 

251.9 

251.9 

2.4  - 

0.328 

High  RH 

240 

256.0 

255.9 

6.4  - 

0.010 

Low  plus  High  RH 

476 

254.0 

253.9 

4.4  - 

0.019 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  AD.II  S I  Kl> 

iilllBiilil 

ifiiH 

Difference  of  Adj.Mean 
vs;  Comparisons  -fi ! 

I  -$§mrnmM9smm 

BlIiiiSHsftil 

Comparison 

1,193 

243.0 

Background  RH 

374 

245.2 

2.2  - 

0.282 

Low  RH 

235 

246.1 

3.1- 

High  RH 

238 

247.9 

4.9  - 

Low  plus  High  RH 

473 

247.0 

4.0  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

'tf.  >|  1987lD)d^n^<|ategpr^iSuin|nl^  Statisdosl^  Vj|  |>  ■ 

|  Analysis  R^&feTd^i^g^l9|7^Di6xih  -jl)  |  V  1 

1987  Dioxin  n  Mean* 

UJ  ■  (Std.  Error)b  p-Value 

Low  283  251.0 

Medium  285  25 1 .4 

High  284  255.3 

0.004  0.005  (0.003)  0.082 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  13-59.  Analysis  of  Transferrin  (Continuous)  (mg/dl)  (Continued) 


:®  MODEE  4:  RANCH  HANDS  *  1987  DIOXIN -  ADJUSTED 

Statistics | J|l|§f  f§| 

Hill!  1  AMlysls  for  Log2  (1987 

^ ?  1’ r  *  ¥ ; 

Dioxin  n  Adj.  Mean8 

Adjusted  Slope 

R2  (Std.  Error)b  p-Value 

Low  283  247.6 

Medium  283  247.8 

High  281  249.9 

0.014  0.003  (0.004)  0.385 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  and  adjusted  Model  2  results  were  not  significant  (Table  13-59(c,d):  p>0.59  for  each 
analysis).  The  unadjusted  Model  3  analysis  revealed  Ranch  Hands  in  the  high  dioxin  category  and  Ranch 
Hands  in  the  low  and  high  dioxin  categories  combined  to  be  significantly  different  from  Comparisons 
(Table  13 -5 9(e):  difference  of  means=6.4  mg/dl,  p=0.010;  difference  of  means=4.4  mg/dl,  p=0.019, 
respectively).  The  adjusted  analysis  revealed  the  same  two  contrasts  to  be  significant:  Ranch  Hands  in 
the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined  versus  Comparisons  (Table  13-59(f):  difference  of  adjusted  means=4.9  mg/dl,  p=0.050; 
difference  of  adjusted  means=4.0  mg/dl,  p=0.032,  respectively).  The  adjusted  mean  levels  of  transferrin 
for  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  and  high  dioxin  categories 
combined,  and  Comparisons  were  247.9  mg/dl,  247.0  mg/dl,  and  243.0  mg/dl,  respectively. 

A  marginally  significant  association  between  1987  dioxin  and  transferrin  was  shown  in  the  unadjusted 
Model  4  analysis  (Table  13-59(g):  slope=0.005,  p=0.082).  After  co variate  adjustment,  the  results 
became  nonsignificant  (Table  13~59(h):  p=0.385). 

13.2.2.3.51  Transferrin  ( Discrete ) 

Both  the  unadjusted  and  adjusted  Model  1  analyses  of  transferrin  revealed  a  significant  overall  group 
difference  between  Ranch  Hands  and  Comparisons  (Table  13-60(a,b):  Est.  RR=0.73,  p=0.036; 

Adj.  RR=0.71,  p=0.027,  respectively).  The  percentage  of  low  transferrin  values  among  the  Ranch  Hands 
was  8.1  versus  10.9  for  Comparisons.  After  stratifying  by  occupation,  both  the  unadjusted  and  adjusted 
Model  1  analyses  showed  marginally  significant  differences  between  Ranch  Hands  and  Comparisons 
within  the  officer  stratum  (Table  13-60(a,b):  Est.  RR=0.64,  p=0.083;  Adj.  RR=0.63,  p=0.070, 
respectively).  The  percentage  of  low  transferrin  values  among  Ranch  Hand  officers  was  7. 1  versus  10.6 
among  Comparison  officers. 
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Table  13-60.  Analysis  of  Transferrin  (Discrete) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

;  |  -  ^cup|,di6pii‘i- 

;||f?|Number  (tye)  tjfif 

EsU  Relative  Risk 

|  *  |  (95%  CX )  ffilSI 

p-Value 

All 

Ranch  Hand 

859 

70  (8,1) 

0.73  (0.54,0.98) 

0.036 

Comparison 

1,231 

134  (10.9) 

Officer 

Ranch  Hand 

340 

24  (7.1) 

0.64  (0.39,1.06) 

0.083 

Comparison 

490 

52  (10.6) 

Enlisted  Flyer 

Ranch  Hand 

150 

15  (10.0) 

0.87  (0.43,1.75) 

0.691 

Comparison 

185 

21  (11.4) 

Enlisted 

Ranch  Hand 

369 

31  (8.4) 

0.74  (0.47,1.17) 

0.202 

Groundcrew 

Comparison 

556 

61  (11.0) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

^i^cf^pAdjusttdlRHiafiv^IUsk::'^ 

Occupational  Category 

p-Value  / 

All 

0.71  (0.52,0.97) 

0.027 

Officer 

0.63  (0.38,1.04) 

0.070 

Enlisted  Flyer 

0.83  (0.41,1.68) 

0.601 

Enlisted  Groundcrew 

0.74(0.47,1.18) 

0.208 

(c)AIODEL2:  RA 

NCH  HAND 

S  - INITIAL  DIO: 

m-v 

Initial  Dio: 

dn  Category  S 

ummary:  Statistics 

sssjyifcjjiii’iS’i'- 

f||'|  AnaljlisResuilts  for  Lc 

>g2;  (J^ifiallEfeMit)^ ,  ffj  $t  j 

IlliW 

Number  (%) 

:-m  mm 

jpfef 

Estimated  Relative  Risk 

■  :  MM :  ■'  ■' ■  ■■■  -  ' 

aiaiittiitiis 

Low 

158 

15  (9.5) 

6.99  (0.77,1.27) 

0.931 

Medium 

159 

13  (8.2) 

High 

159 

11  (6.9) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED  ~  ;  ;  ■■  .  ; 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  (95%  C.I.)8  p- Value 

_ 473 _ 0,93  (0.69,1.24)  _ 0,615 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  13-60.  Analysis  of  Transferrin  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

.  n .  .  ■ 

:  Jow: : ; :  ; ;  v  ; 

p- Value 

Comparison 

1,194 

133  (11.1) 

Background  RH 

376 

31  (8.2)  0.72(0.48,1.09) 

0.121 

Low  RH 

236 

23  (9.7)  0.86(0.54,1.37) 

0.526 

High  RH 

240 

16  (6.7)  0.57  (0.33,0.97) 

0.039 

Low  plus  High  RH 

476 

39  (8.2)  0.70(0.48,1.02) 

0.062 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

APJOSTED|||^i:i;_ 

W  M  Hk?*  5sS  * 

||||{|!pi^n:Cate^ry  jjjjpt 

■■■:<■  :  n; 

(95%  C.I.)a 

|l  p-Value,,  llllli! 

Comparison 

1,193 

Background  RH 

374 

0.73  (0.48,1.11) 

0.142 

Low  RH 

235 

0.78(0.49,1.26) 

High  RH 

238 

0.57  (0.32,0.99) 

Low  plus  High  RH 

473 

0.66(0.45,0.98) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

llll  :i987  pt0xin  Category  Summary  StatE|ics:;v'  :Jfj 

\  1 1  f§!  Number ,  §f§ 

Jit  P>xin  I J  V  f  n  ;?-J4 

Estimated  Relative  Risk 

1.03(0.88,1.22)  0.710 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  |  , 

n  Adjusted  Rela  te  Risk  p- Value 

11  1 

847 _ 1.03(0.85,1.24) _ 0.785 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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No  significant  association  between  initial  dioxin  and  transferrin  was  found  in  the  unadjusted  or  adjusted 
Model  2  analyses  (Table  13-60(c,d):  p>0.61  for  each  analysis).  The  unadjusted  Model  3  analysis  of 
transferrin  revealed  significant  differences  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons,  as  well  as  between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and 
Comparisons  (Table  13-60(e):  Est.  RR=0.57,  p=0.039;  Est.  RR=0.70,  p=0.062,  respectively).  The  same 
contrasts  were  significant  after  adjusting  for  covariates  (Table  13-60(f):  Adj.  RR=0.57,  p=0.045,  for 
Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons;  Adj.  RR=0.66,  p=0.039,  for  Ranch  Hands 
in  the  low  and  high  dioxin  categories  combined  versus  Comparisons).  The  percentages  of  low  transferrin 
values  among  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  and  high  dioxin 
categories  combined,  and  Comparisons  were  6.7,  8.2,  and  11.1,  respectively.  The  unadjusted  and 
adjusted  Model  4  analyses  were  nonsignificant  (Table  13-60(g,h):  p>0.71  for  each  analysis). 

13.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  AST,  ALT,  GGT,  cholesterol,  HDL  cholesterol,  the  cholesterol- 
HDL  ratio,  and  triglycerides  to  examine  whether  changes  across  time  differed  with  respect  to  group 
membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Model  4  was  not 
examined  in  longitudinal  analyses  because  1987  dioxin,  the  measure  of  exposure  in  these  models,  changes 
over  time  and  is  not  available  for  all  participants  for  1982  or  1997. 

Discrete  and  continuous  analyses  were  performed  for  all  variables.  The  longitudinal  analyses  for  all  of 
these  variables  investigated  the  difference  between  the  1982  and  1997  examinations.  These  analyses 
were  used  to  investigate  the  temporal  effects  of  dioxin  during  the  15-year  period  between  1982  and  1997. 

The  longitudinal  analysis  for  these  variables  in  their  continuous  form  examined  the  paired  difference 
between  the  measurements  from  1982  and  1997.  These  paired  differences  measured  the  change  in  these 
variables  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis  was  adjusted  for  age  and 
the  dependent  variable  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods). 

Participants  who  were  abnormal  in  1982  were  not  included  in  the  longitudinal  analysis  of  discrete 
dependent  variables.  The  purpose  of  the  longitudinal  analysis  was  to  examine  the  effects  of  dioxin 
exposure  across  time.  Participants  who  were  abnormal  in  1982  were  not  considered  to  be  at  risk  for 
developing  the  condition,  because  the  condition  already  existed  at  the  time  of  the  first  collection  of  data 
for  the  AFHS  (1982).  Only  participants  who  were  normal  at  the  1982  examination  were  considered  to  be 
at  risk  for  developing  the  disease;  therefore  the  rate  of  abnormalities  under  this  restriction  approximates 
an  incidence  rate  between  1982  and  1997.  That  is,  an  incidence  rate  is  a  measure  of  the  rate  at  which 
people  without  a  condition  develop  the  condition  during  a  specified  period  of  time  (67).  Summary 
statistics  are  provided  for  reference  purposes  for  the  1985, 1987,  and  1992  examinations. 

The  longitudinal  analyses  of  discrete  variables  examined  relative  risks  at  the  1997  examination  for 
participants  who  were  classified  as  normal  at  the  1982  examination.  The  adjusted  relative  risks  estimated 
from  each  of  the  three  models  were  used  to  investigate  the  change  in  the  dependent  variable  over  time. 

All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  the  percentage  of  body  fat 
at  the  time  of  the  blood  measurement  of  dioxin. 

The  cutpoints  for  all  of  these  variables  except  the  cholesterol-HDL  ratio  differed  between  examinations. 
The  cutpoints  changed  between  examinations  because  a  different  laboratory  was  used  to  perform  the 
analysis  or  because  an  upgrade  in  the  equipment  used  caused  a  change  in  the  reference  values.  This 
upgrade  in  equipment  may  have  affected  the  mean  level  or  the  percent  abnormal  for  the  dependent 
variable  between  examinations.  These  cutpoints  were  used  for  determining  abnormal  and  normal 
classifications  for  each  of  the  respective  examinations  and  are  shown  in  Table  13-61. 
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Table  13-61.  Normal  Ranges  from  Air  Force  Health  Study  Examinations  for  Dependent  Variables 
Used  in  Longitudinal  Analysis 


M  Examination.  |§f 

IlliliiifiSifl 

liiMKii 

1985 

1987 

llllllipllllll 

■  :1997ff|;|: 

AST  (U/l) 

<41 

<47 

<47 

<50 

<37 

ALT  (U/l) 

<45 

<36 

<36 

<55 

<65 

GGT  (U/l) 

<85 

<85 

<85 

<51 

<85 

Cholesterol  (mg/di) 

<240 

<250 

<250 

<250 

<260 

(Age  <40) 

(Age  <45) 

(Age  <45 ) 

(Age  <45 ) 

(Age  <50) 

<265 

<260 

<260 

<260 

<250 

(Age  >40) 

(Age  45-69) 

(Age  45-69) 

(Age  45-69) 

(Age  >50)a 

<250 

<250 

<250 

(Age  >70) 

(Age  >70) 

(Age  >70) 

HDL  (mg/dl) 

>25 

>30 

>30 

>30 

>32 

(Age  <50) 

(Age  <40) 

(Age  <40) 

(Age  <40) 

>32 

>25 

>25 

>25 

(Age  >50) 

(Age  40-44) 

(Age  40-44) 

(Age  40-44) 

>30 

>30 

>30 

(Age  >45) 

(Age  >45) 

(Age  >45) 

Triglycerides 

<150 

<320 

<320 

<320 

<200 

(mg/dl) 

(Age  <40) 

(Age  <55) 

(Age  <55) 

(Age  <55) 

<160 

<290 

<290 

<290 

(Age  40-49) 

(Age  55-64) 

(Age  55-64) 

(Age  55-64) 

<190 

<260 

<260 

<260 

(Age  >50) 

(Age  >65) 

(Age  >65) 

(Age  >65) 

a  Cutpoint  lower  for  cholesterol  for  older  participants  per  manufacturer’s  recommendation. 


1 3 . 2. 3. 1  Laboratory  Examination  Variables 

13.2.3. 1. 1  AST  ( Continuous) 

The  analyses  in  each  of  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin  and 
the  change  in  mean  AST  levels  between  1982  and  1997  (Table  13-62(a-c):  p>0.37  for  each  analysis). 
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Table  13-62. 

Longitudinal  Analysis  of  AST  (U/l)  (Continuous) 

(a)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

.  Mean7(n) 

Exam.  g| 
Mean 
Change^ 

Difference  of  §Jj 
Exam.  Mean 
Change 

p-VaIue‘ 

i§if 

7  1987  f 

1992 

:  1997 

All 

Ranch  Hand 

32.61 

33.33 

25.50 

23.03 

22.99 

-9.62 

-9.03 

0.859 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

32.48 

33.47 

25.34 

23.59 

22.89 

-9.59 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

32.69 

34.01 

25.85 

23.69 

23.29 

-9.40 

0.15 

0.897 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

32.86 

33.57 

25.76 

24.00 

23.31 

-9.55 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted 

Ranch  Hand 

31.89 

32.24 

24.47 

21.14 

22.19 

-9.69 

0.47 

0.710 

Flyer 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

33.02 

33.53 

25.10 

23.30 

22.87 

-10.16 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted 

Ranch  Hand 

32.84 

33.18 

25.63 

23.28 

23.06 

-9.78 

-0.34 

0.687 

Groundcrew 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

31.98 

33.36 

25.08 

23.32 

22.54 

-9.44 

(437) 

(426) 

(426) 

(425) 

(437) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  AST;  results  adjusted  for  natural  logarithm  of  AST  in  1982  and 
age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-62.  Longitudinal  Analysis  of  AST  (U/l)  (Continuous)  (Continued) 


(ft)  MfGDEL  2 I  RANCH  HANDS 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logy  (Initial  Dioxin)b 

'  Meana/(n) 

C  4  j  is  vX  >. » s Examination  ..  > 

|  Hill  Adjusted  Slope  1 1 J 
1  fg  (Std.  Error) 

p- Value 

Initial  Dioxin 

IHilif 

1987 

UPBIJI 

1997 

Low 

33.11 

34.06 

25.46 

22.57 

23.39 

-0.004  (0.012) 

6.731 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

33.39 

34.46 

26.08 

23.18 

23.64 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

33.54 

33.33 

25.86 

23.82 

23.56 

(151) 

(148) 

(146) 

(148) 

(151) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  AST  and  natural  logarithm  of  1982  AST  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural 
logarithm  of  1982  AST,  and  age  in  1997. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


'  V: 


1982 

’js-'  ? 

1  5L985  ■ 

t  ;  Mea  na/(n)"  1 

Examination 

iiliiaii 

1992 

plipijSjjferpiH 

1997 

.Exam.  Means|.'.- ‘ 
§|l  Gftknge^  v-!;| 

Change 

IPS  | 

lliwlill 

Comparison 

32.46 

33.50 

25.35 

23.54 

22.87 

-9.59 

(929) 

(913) 

(903) 

(907) 

(929) 

Background 

31.70 

32.54 

25.13 

22.78 

22.22 

-9.48 

0.11 

0.574 

RH 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

32.75 

34.41 

25.59 

23.05 

23.40 

-9.34 

0.25 

0.373 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

33.94 

33.51 

26.00 

23.32 

23.65 

-10.29 

-0.70 

0.911 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus 

33.35 

33.95 

25.80 

23.19 

23.53 

9.82 

-0.23 

0.520 

High  RH 

(458) 

(449) 

(448) 

(446) 

(458) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  AST;  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  AST,  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 
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13.23.1.2  AST  (Discrete) 

All  longitudinal  analyses  of  the  participants  with  high  AST  levels  in  1997  that  were  normal  in  1982  were 
nonsignificant  (Table  13-63(a-c):  p>0.15  for  each  analysis). 


Table  13-63.  Longitudinal  Analysis  of  AST  (Discrete) 


(a) 


lit 

1  y\ ‘  ^Number  (%)  High/(n) 

lljfyjj  i;  '  Examination 

1982 

HiBllS  j 

li\  1987  &||:3 

fllfll 

!i  1997  ; 

AU 

Ranch  Hand 

99  (12.3) 

51  (6.5) 

31  (4.0) 

21  (2.7) 

60  (7.5) 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

122  (12.8) 

70  (7.5) 

26(2.8) 

31  (3.3) 

60  (6.3) 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

34(11.0) 

24  (7.9) 

14  (4.7) 

11(3.7) 

21  (6.8) 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

52(13.8) 

24  (6.5) 

13(3.6) 

14  (3.8) 

23  (6.1) 

Oil) 

(371) 

(363) 

(370) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

16(11.0) 

7  (4.9) 

4  (2.8) 

1  (0.7) 

10  (6.8) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

20(14.1) 

13  (9.2) 

5  (3.6) 

6(4.3) 

12  (8.5) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew  Ranch  Hand 

49  (14.0) 

20  (5.9) 

13(3.9) 

9  (2.7) 

29  (8.3) 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

50(11.4) 

33  (7.7) 

8  (1.9) 

11  (2.6) 

25  (5.7) 

(437) 

(426) 

(426) 

(425) 

(437) 

illiilliiiiit! 

Normal  in  1982 

ji/f  Occupational  ^  *J 

Number  (%) 

\  l '  Adj.  Relative  Risk 

Category 

iff  -  Group  ;|jj!  |I 

nin  1997 

High  in  1997 

||  |||  (95%  c.i.)a 

All 

Ranch  Hand 

705 

35  (5.0) 

1.13  (0.  70,1.81) 

0.614 

Comparison 

834 

37(4.4) 

Officer 

Ranch  Hand 

275 

11  (4.0) 

0.87  (0.39,1.93) 

0.735 

Comparison 

325 

15  (4.6) 

Enlisted  Flyer 

Ranch  Hand 

130 

6  (4.6) 

0.69  (0.23,2.05) 

0.506 

Comparison 

122 

8  (6.6) 

Enlisted 

Ranch  Hand 

300 

18  (6.0) 

1.68  (0.82,3.45) 

0.153 

Groundcrew 

Comparison 

387 

14  (3.6) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  AST  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-63.  Longitudinal  Analysis  of  AST  (Discrete)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Number  (%)  High/(n) 
Examination 


f.  fl  Initial  Dioxin 

'mmam 

1985 

1987 

1997 

Low 

17(11.3) 

11  (7-5) 

6  (4.0) 

4  (2.7) 

11  (7.3) 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

30(19.2) 

11(7.1) 

4  (2.6) 

4  (2.6) 

20(12.8) 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

23  (15.2) 

11(7.4) 

7  (4.8) 

4(2.7) 

14  (9.3) 

(151) 

(148) 

(146) 

(148) 

(151) 

1  .  Analysis  Results  for  Log2  (Initial  Dioxin)*  §fj|} 

Normal  in  1982 

Adj.  Relative  Risk 

(95%C.I.)h  p-Value 

Initial  Number  (%) 

1.18(0.87,1.59)  0.297 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  AST  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPAMSONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

l  %s”^ifBxai urination  '  |»t  t 

||  ;1982  )  111 

1985 

;|§f  ;i987-;:;lll 

wmamn 

«Sii» 

Comparison 

118  (12.7) 

69  (7.6) 

25  (2.8) 

30  (3.3) 

59  (6.4) 

(929) 

(913) 

(903) 

(907) 

(929) 

Background  RH 

27  (7.9) 

18  (5.4) 

14  (4.3) 

9  (2.8) 

14  (4.1) 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

26(11.5) 

19  (8.6) 

9(4.1) 

8  (3.7) 

19  (8.4) 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

44(19.0) 

14(6.1) 

8  (3.5) 

4(1.8) 

26(11.2) 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus  High  RH 

70(15.3) 

33  (7.3) 

17  (3.8) 

12  (2.7) 

45  (9.8) 

(458) 

(449) 

(448) 

(446) 

(458) 
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Table  13-63.  Longitudinal  Analysis  of  AST  (Discrete)  (Continued) 


Normal  in  1982 

dumber  (%)  ;  ' 

Adj.  Relative  Risk 

111  ji 

n  in  1997 

|||  High  in  1997 

($5%  CX)ab  lilt 

p-Va!ueb 

Comparison 

811 

37  (4.6) 

Background  RH 

313 

8  (2.6) 

0.59  (0.27,1.30) 

0.193 

Low  RH 

200 

12  (6.0) 

1.34  (0.68,2.63) 

0.395 

High  RH 

188 

14  (7.4) 

1.58  (0.83,3.00) 

0.166 

Low  plus  High  RH 

388 

26  (6.7) 

1.45  (0.86,2.44) 

0.162 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
Note:  RH  =  Ranch  Hand. 


Comparison:  1987  Dioxin  <,  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  AST  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


13.2.3.1.3  ALT  (Continuous) 

Models  1  and  2  of  the  longitudinal  analyses  of  ALT  in  its  continuous  form  revealed  no  significant 
association  between  the  change  in  mean  AST  levels  and  dioxin  (Table  13-64(a,b):  p>0.21).  Model  3 
analysis  of  the  change  in  mean  ALT  levels  between  1982  and  1997  revealed  two  marginally  significant 
contrasts:  Ranch  Hands  in  the  low  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  and 
high  dioxin  categories  combined  versus  Comparisons  (Table  13-64(c):  difference  of  examination  mean 
change=1.02  U/l,  p=0.054;  difference  of  examination  mean  change=0.72  U/l,  p=0.094,  respectively).  The 
examination  mean  changes  for  Ranch  Hands  in  the  low  dioxin  category.  Ranch  Hands  in  the  low  and  high 
dioxin  categories  combined,  and  Comparisons  were  22.84  U/l,  22.54  U/l,  and  21.82  U/l,  respectively. 
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Table  13-64. 

Longitudinal  Analysis  of  ALT  (U/l)  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

V  v  '  Examination  \  4 } 

Exam. 
Mean  1 
Ghangeb  ; 

,ip(fference  of 
Exam.  Mean 

J  Change 

p-Valuec 

1982 

IIP! 

iHHH 

1992 

Iflil 

All 

Ranch  Hand 

19.84 

21.66 

20.52 

27.12 

42.55 

22.71 

0.89 

0.214 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

20.38 

22.53 

20.49 

27.91 

42.20 

21.82 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

19.71 

21.96 

20.53 

27.01 

41.93 

22.22 

0.99 

0.295 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

20.32 

21.97 

20.35 

27.39 

41.55 

21.23 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted 

Ranch  Hand 

18.69 

20.85 

19.83 

25.15 

41.33 

22.63 

0.77 

0.910 

Flyer 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

20.59 

22.01 

19.84 

28.03 

42.45 

21.86 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted 

Ranch  Hand 

20.46 

21.73 

20.79 

28.10 

43.63 

23.17 

0.85 

0.377 

Groundcrew 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

20.37 

23.20 

20.82 

28.33 

42.69 

22.32 

(437) 

(426) 

(426) 

(425) 

(437) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  ALT;  results  adjusted  for  natural  logarithm  of  ALT  in  1982 
and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-64 .  Longitudinal  Analysis  of  ALT  (U/l)  (Continuous)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

-INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Lpgj  (Mtial  DIoxiri)'>  jfj 

Meana/(n) 

if  Adjusted  Slope  "/’v 

(Std.  Error) 

p-Value  ||1? 

Initial  Dioxin 

11IIIJ 

1985 

imss 

HUB! 

1997 

Low 

20.29 

22.08 

20.15 

26.54 

42.36 

-0.007  (0.010) 

0.444 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

21.76 

21.94 

28.72 

44.95 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

22.96 

23.82 

23.07 

30.13 

45.27 

(151) 

(148) 

(146) 

(148) 

(151) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  ALT  and  natural  logarithm  of  1982  ALT  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural 
logarithm  of  1982  ALT,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


;(c)-lfoO|»EL 3: /MANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Mean“/(n) 

Examination 

Exam.  Mean 
Changeb 

f  1tf^Exai^1Klea§Jc; : 

Change 

mil 

mum 

7^1092 -V  j 

i  1997 

Comparison 

20.34 

22.49 

20.46 

27.87 

42.16 

21.82 

(929) 

(913) 

(903) 

(907) 

(929) 

Background 

17.53 

19.62 

19.01 

25.36 

40.39 

22.87 

1.05 

0.751 

RH 

(340) 

(33) 

(325) 

(327) 

(340) 

Low  RH 

20.46 

23.08 

20.50 

27.51 

43.30 

22.84 

1.02 

0.054 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

22.86 

23.57 

22.90 

29.36 

45.07 

22.20 

0.38 

0.503 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus 

21.64 

23.33 

21.67 

28.44 

44.18 

22.54 

0.72 

0.094 

High  RH 

(458) 

(449) 

(448) 

(446) 

(458) 

a  Transformed  from  natural  logarithm  scale. 

Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  ALT;  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  ALT,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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13.2.3.1.4  ALT  (Discrete) 

Examination  of  Models  1  and  2  of  the  longitudinal  analyses  for  discretized  ALT  did  not  find  a  significant 
association  between  dioxin  and  the  percentage  of  participants  with  normal  ALT  values  in  1982  and  high 
ALT  values  in  1997  (Table  13-65(a,b):  p>0.19  for  each  analysis). 


Table  13-65.  Longitudinal  Analysis  of  ALT  (Discrete) 


(a)MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Number  (%)  High/(n) 

%  '  '  ]  \  frV  S|  Examination  §|  { 

1982 

1985 

f!  19^7 

1992 

All 

Ranch  Hand 

59  (7.3) 

107(13.6) 

92  (11.8) 

45  (5.8) 

65(8.1) 

804 

(787) 

(778) 

(778) 

(804) 

Comparison 

67  (7.0) 

133  (14.2) 

92  (9.9) 

64  (6.9) 

68(7.1) 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

23  (7.4) 

46(15.1) 

38  (12.6) 

19  (6.3) 

20  (6.5) 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

26  (6.9) 

45(12.1) 

39(10.7) 

20  (5.4) 

16  (4.2) 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

10  (6.8) 

15  (10.5) 

14  (9.9) 

7  (4.9) 

15  (10.3) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

11  (7.7) 

19(13.5) 

9  (6.4) 

11  (8.0) 

15  (10.6) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew 

'  Ranch  Hand 

26  (7.4) 

46(13.5) 

40(11.9) 

19(5.7) 

30  (8.6) 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

30  (6.9) 

69  (16.2) 

44  (10.3) 

33  (7.8) 

37  (8.5) 

(437) 

(426) 

(426) 

(425) 

(437) 

Normal  in  1982 

Occupational 

Number  (%)  High 

Adj.  Relative  Risk 

|  HI f  Csttego^y‘%  y  jg; 

ift  Group  |  |  - 

n  in  1997 

in  1997  •  ; 

mamm 

All 

Ranch  Hand 

745 

43  (5.  8) 

0.92  (0.61,1.39) 

0.690 

Comparison 

889 

56  (6.3) 

Officer 

Ranch  Hand 

286 

14  (4.9) 

1.53(0.70,3.39) 

0.289 

Comparison 

351 

12  (3.4) 

Enlisted  Flyer 

Ranch  Hand 

136 

11(8.1) 

0.87  (0.37,2.06) 

0.749 

Comparison 

131 

12  (9.2) 

Enlisted 

Ranch  Hand 

323 

18  (5.6) 

0.67  (0.37,1.23) 

0.195 

Groundcrew 

Comparison 

407 

32  (7.9) 

a  Relative  risk,  confidence  interval,  and  p~  values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  ALT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-65.  Longitudinal  Analysis  of  ALT  (Discrete)  (Continued) 


|  (b)  MODEL  2:  RANCH  HANDS 

—INITIAL  DIOXIN 

Number  (%)  High/(n) 

Examination 

1982 

1985 

1987  V;- 

1992 

ilillili; 

Low 

12  (7.9) 

20  (13.6) 

11  (7.3) 

4(2.7) 

10  (6.6) 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

10  (6.4) 

21  (13.6) 

22(14.5) 

13  (8.6) 

21  (13.5) 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

19(12.6) 

27  (18.2) 

22(15.1) 

13  (8.8) 

19(12.6) 

(151) 

(148) 

(146) 

(148) 

(151) 

i®l®  rlissH®  fills 

“1 

| H §||  Analysis  Results  for  Log2  (Initial  Dioxin)8  j  J  | 

Normal  in  1982 

|l!||  Adj.  Relative  Risk  |  i 

(95%  C.I.)b  :  :  :  p  Value  ( 

Initial  Number  (%) 

Dioxin  n  in  1997  High  in  1997 

Low 

139 

8  (5.8) 

1.05  (0.78,1.40) 

0.750 

Medium 

146 

14  (9.6) 

HlSh _ 

132 

10  (7.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  ALT  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(£)MODEL  3:  RAJSfCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  1  %  1  %  J 

Number  (%)  High/(ri) 

Dioxin  Category  1 

'4  Jl1982  ISI 

1985 

1987 

iSliilii 

Comparison 

65  (7.0) 

129  (14.1) 

90  (10.0) 

60  (6.6) 

67  (7.2) 

(929) 

(913) 

(903) 

(907) 

(929) 

Background  RH 

17  (5.0) 

38  (11.4) 

36(11.1) 

14  (4.3) 

14(4.1) 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

17  (7.5) 

30  (13.6) 

21  (9.5) 

10  (4.6) 

20  (8.8) 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

24  (10.3) 

38  (16.6) 

34  (15.0) 

20  (8.8) 

30  (12.9) 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus  High  RH 

41  (9.0) 

68(15.1) 

55  (12.3) 

30  (6.7) 

50  (10.9) 

(458) 

(449) 

(448) 

(446) 

(458) 
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Table  13-65.  Longitudinal  Analysis  of  ALT  (Discrete)  (Continued) 


Dioxin  Category 

-  gNorn#|it19&  \  | 

Number  (%) 
n  in  1997  High  in  1997 

,, f||lj i^qjiv|^elatiye  Risk-  sf|t(I 

p-Valueb 

Comparison 

864 

56  (6.5) 

Background  RH 

323 

10(3.1) 

0.55  (0.27,1.10) 

0.089 

Low  RH 

209 

15  (7.2) 

1.23(0.68,2.24) 

0.495 

High  RH 

208 

17  (8.2) 

1.04(0.59,1.85) 

0.889 

Low  plus  High  RH 

417 

32  (7.7) 

1.13(0.72,1.79) 

0.591 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
Note:  RH  =  Ranch  Hand. 


Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  an  normal  ALT  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


The  Model  3  analysis  of  the  percentage  of  participants  with  high  ALT  levels  in  1997  and  normal  ALT 
levels  in  1982  revealed  a  marginally  significant  difference  between  Ranch  Hands  in  the  background 
dioxin  category  and  Comparisons  (Table  13-65(c):  Adj.  RR=0.55,  p=0.089).  Of  the  Comparisons  with 
normal  ALT  levels  in  1982,  6.5  percent  had  high  ALT  levels  in  1997,  whereas  3.1  percent  of  Ranch 
Hands  in  the  background  dioxin  category  with  normal  ALT  levels  in  1982  had  high  ALT  levels  in  1997. 

13.2.3,1.5  GGT  (Continuous) 

The  analyses  in  each  of  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin  and 
the  change  in  mean  GGT  levels  (Table  13-66(a-c):  p>0.26  for  each  analysis). 
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Table  13-66. 

Longitudinal  Analysis  of  GGT  (U/l)  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

lil^cupatiohal; 

Mean  f  Jl§ . 
Change** 

Difference  of  | 

Change  |j|  f§ 

p-Vaiuec 

1982 

1985 

;';Jl987p 

mm  \ 

||f|I 

AU 

Ranch  Hand 

38.12 

31.57 

32.05 

32.38 

43.70 

5.57 

0.74 

0.266 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

37.44 

31.53 

31.30 

31.61 

42.27 

4.83 

(955) 

(937) 

(928) 

(932) 

(955) 

Officer 

Ranch  Hand 

36.62 

30.88 

31.40 

31.54 

42.13 

5.51 

0.41 

0.567 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

36.09 

30.25 

30.70 

31.24 

41.19 

5.10 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted 

Ranch  Hand 

38.58 

31.70 

31.74 

30.77 

44.65 

6.07 

1.99 

0.698 

Flyer 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

41.81 

34.81 

33.64 

34.67 

45.89 

4.08 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted 

Ranch  Hand 

39.31 

32.13 

32.77 

33.88 

44.73 

5.42 

0.61 

0.442 

Groundcrew 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

37.28 

31.63 

31.08 

30.99 

42.09 

4.81 

(436) 

(425) 

(425) 

(424) 

(436) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  GGT;  results  adjusted  for  natural  logarithm  of  GGT  in  1982 
and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-66.  Longitudinal  Analysis  of  GGT  (U/l)  (Continuous)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

wsnsMnnsM 

Analysis  Results  for  Log2  (Initial  Dioxin)5  '  ; 

Meana/(n) 

Adjusted  Slope 

■:  f'§/f 

p-Value 

l  Initial  Dioxin 

1982 

lilHllI 

mm 

1992 

1997 

Low 

41.42 

33.83 

32.52 

32.74 

43.50 

-0.009  (0.017) 

0.579 

(151) 

(147) 

(150) 

(146) 

051) 

Medium 

42.17 

35.47 

36.50 

36.72 

48.93 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

41.69 

33.53 

34.54 

35.61 

46.45 

(151) 

(148) 

(146) 

(148) 

(151) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  GGT  and  natural  logarithm  of  1982  GGT  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural 
logarithm  of  1982  GGT,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


BY  DIOXIN  CATEGORY 


;g  Category 

:'V  V 

-■ 

'  >' 

Examination 

iflS™ 

.■w. 

PlpilpSliipi 

_  Exam.  Mean  £ 

mmmm 

j  Exam.  Mean  ] 
3  jj  Change  ’  ] 

p-Value' 

||#j>82'.1 

1985 

1987 

1997  : 

Change*5 

Comparison 

37.10 

31.17 

30.95 

31.19 

41.92 

4.82 

(928) 

(912) 

(902) 

(906) 

(928) 

Background 

33.22 

28.00 

28.71 

28.90 

39.90 

6.69 

1.87 

0.363 

RH 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

40.41 

33.57 

32.97 

33.56 

44.00 

3.58 

-1.24 

0.686 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

43.12 

34.98 

36.05 

36.45 

48.59 

5.48 

0.66 

0.276 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus 

41.76 

34.28 

34.49 

35.01 

46.27 

4.51 

-0.31 

0.330 

High  RH 

(458) 

(449) 

(448) 

(446) 

(458) 

a  Transformed  from  natural  logarithm  scale. 

Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  1997  GGT;  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  GGT,  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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13.2.3.1.6  GGT  (Discrete) 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  a  significant  association  between  the 
change  in  discretized  GGT  values  and  dioxin  (Table  13~67(a-c):  p>0.10). 


Table  13-67.  Longitudinal  Analysis  of  GGT  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

■PllliSiiwlill 

Number  (%)  High/(n) 
(iliiiili  Examination  jj| 

1982 

1985 

1987!'  m 

1992 

iliilll! 

All 

Ranch  Hand 

68  (8.5) 

58(7.4) 

57(7.3) 

155  (19.9) 

84(10.4) 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

81  (8.5) 

76(8.1) 

60  (6.5) 

163  (17.5) 

94  (9.8) 

(955) 

(937) 

(928) 

(932) 

(955) 

Officer 

Ranch  Hand 

26  (8.4) 

21  (6.9) 

24  (8.0) 

56(18.7) 

27  (8.7) 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

31  (8.2) 

27  (7.3) 

23  (6.3) 

64  (17.3) 

32  (8.5) 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

15  (10.3) 

11(7.7) 

13  (9.2) 

25  (17.5) 

23  (15.8) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

16(11.3) 

17(12.1) 

15  (10.7) 

29  (21.0) 

21  (14.8) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew 

Ranch  Hand 

27  (7.7) 

26  (7.6) 

20  (6.0) 

74  (22.1) 

34  (9.7) 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

34  (7.8) 

32(7.5) 

22  (5.2) 

70  (16.5) 

41  (9.4) 

(436) 

(425) 

(425) 

(424) 

(436) 

|  §  |  Occupational 

BMMMM  i 

Normal  in  1982 

p- Value* 

Group 

n  in  1997 

Numbered)  High 
in  1997 

All 

Ranch  Hand 

736 

48  (6.5) 

1.02  (0  69,1.53) 

0.909 

Comparison 

874 

56  (6.4) 

Officer 

Ranch  Hand 

283 

13  (4.6) 

1.01  (0.48,2.14) 

0.982 

Comparison 

346 

16  (4.6) 

Enlisted  Flyer 

Ranch  Hand 

131 

16(12.2) 

1.12(0.52,2.41) 

0.768 

Comparison 

126 

14(11.1) 

Enlisted 

Ranch  Hand 

322 

19  (5.9) 

0.90  (0.49,1.66) 

0.731 

Groundcrew 

Comparison 

402 

26  (6.5) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  GGT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-67.  Longitudinal  Analysis  of  GGT  (Discrete)  (Continued) 


i$ii^  i 

—  INITIAL  CIOXTN 

Number  (%)  High/(n) 

Examination 

!|| §||§§! 

wmmmm 

1987 

1992 

1997 

Low 

17(11.3) 

12  (8.2) 

10  (6.7) 

26  (17.8) 

16(10.6) 

151 

(147) 

(150) 

(146) 

(151) 

Medium 

15  (9.6) 

12  (7.8) 

14  (9.2) 

39  (25.7) 

27  (17.3) 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

17  (11.3) 

14  (9.5) 

13  (8.9) 

33  (22.3) 

17(11.3) 

(151) 

(148) 

(146) 

(148) 

(151) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Normal  in  1982 

|||lt  Adj.  'Relative  IS 

liltiSSii?:  illiillli  p-Value/f;|||2 

Low  134  8  (6.0) 

Medium  141  19  (13.5) 

High  134  8  (6.0) 

1.03(0.78,1.35)  0.860 

3  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  GGT  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)High/(n) 
Examination 


Dioxin  Category 

1982 

liliiPl 

Comparison 

74  (8.0) 

71  (7.8) 

55  (6.1) 

151  (16.7) 

89  (9.6) 

(928) 

(912) 

(902) 

(906) 

(928) 

Background  RH 

17  (5.0) 

19  (5.7) 

19  (5.8) 

55  (16.8) 

22  (6.5) 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

22  (9.7) 

16  (7.3) 

15  (6.8) 

43  (19.7) 

27(11.9) 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

27(11.6) 

22  (9.6) 

22  (9.7) 

55  (24.1) 

33  (14.2) 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus  High  RH 

49  (10.7) 

38  (8.5) 

37  (8.3) 

98  (22.0) 

60(13.1) 

(458) 

(449) 

(448) 

(446) 

(458) 
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Table  13-67.  Longitudinal  Analysis  of  GGT  (Discrete)  (Continued) 


Dioxin  Category 

Normal  in  1982 

n  in  1997  High  in  1997 

Pill  Adj.  Relative-Risk  f 

p- Value5 

Comparison 

854 

55  (6.4) 

Background  RH 

323 

12  (3.7) 

0.58(0.31,1.11) 

Low  RH 

204 

15  (7.4) 

1.19(0.66,2.16) 

High  RH 

205 

20  (9.8) 

1.46  (0.85,2.52) 

Low  plus  High  RH 

409 

35  (8.6) 

1.32  (0.84,2.06) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  GGT  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


13.2.3.1.7  Cholesterol  ( Continuous ) 

The  Model  1  analysis  of  the  change  in  mean  cholesterol  levels  did  not  uncover  a  significant  difference 
between  overall  Ranch  Hands  and  Comparisons  (Table  13-68(a):  p=0.877).  Stratifying  by  occupation 
showed  marginally  significant  group  differences  in  the  officers  and  enlisted  groundcrew  strata  (Table 
13-68(a):  difference  of  examination  mean  change  =-3.8  mg/dl,  p=0.075,  for  officers;  difference  of 
examination  mean  change=6.5  mg/dl,  p=0.082,  for  enlisted  groundcrew).  Among  the  officers,  the  Ranch 
Hand  mean  decreased  by  6.5  mg/dl  between  1982  and  1997  versus  a  mean  decrease  of  2.7  mg/dl  for 
Comparisons.  Among  the  enlisted  groundcrew,  the  Ranch  Hands  had  a  mean  increase  of  4.0  mg/dl 
between  1982  and  1997  versus  a  mean  decrease  of  2.5  mg/dl  for  Comparisons.  Model  2  and  3  analyses 
did  not  show  any  significant  relations  between  dioxin  and  the  change  in  mean  cholesterol  levels  (Table 
13-68(b,c):  p>0.12  for  each  analysis). 
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Table  13-68.  Longitudinal  Analysis  of  Cholesterol  (mg/dl)  (Continuous) 


mu  MODEL  li  RANCH  HANDS  V&  COMPARISONS 


a  Transformed  from  square  root  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  square  root  of  cholesterol;  results  adjusted  for  square  root  of  cholesterol  in  1982 
and  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-68.  Longitudinal  Analysis  of  Cholesterol  (mg/dl)  ( Continuous )  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

-INITIAL  DIOXIN 

1  '  1  Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)15  f|  { 

Mean7(n) 

Examination 

Adjusted  Slope 
•>  ’  (Std,  ©rror)  |  7 

§  p-Value 

;  :Xxutx^l;p^bxm:J 

1982 

1987 

1992 

limn 

Low 

213.4 

216.4 

216.9 

215.5 

205.6 

0.063  (0.041) 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

212.5 

215.7 

217.0 

215.8 

213.8 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

218.6 

219.0 

219.0 

220.8 

217.9 

(151) 

(148) 

(146) 

(148) 

(151) 

a  Transformed  from  square  root  scale. 

b  Results  based  on  difference  between  square  root  of  1997  cholesterol  and  square  root  of  1982  cholesterol  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  square  root 
of  1982  cholesterol,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

,  Dioxin 

■  ■ .  ■  • 

./  ,;V.  • 

(Mi 

Meanfl/(n) 

Examination  f§§[  §g§  Jf 

Exam.  Mean 
Changed  ' 

|  jvieani 

UWwSikWi 

•1982  •: 

1985 

1987  / 

•1- 1992  $1 

Comparison 

215.5 

217.2 

215.7 

215.8 

212.3 

-3.2 

(929) 

(913) 

(903) 

(907) 

(929) 

Background 

208.9 

212.1 

214.0 

214.1 

208.8 

-0.1 

3.1 

0.800 

RH 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

212.8 

215.8 

215.7 

216.4 

208.0 

-4.8 

-1.6 

0.410 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

216.7 

218.2 

219.5 

218.2 

216.7 

0.0 

3.2 

0.168 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus 

214.8 

217.0 

217.6 

217.3 

212.4 

-2.4 

0.8 

0.704 

High  RH 

(458) 

(449) 

(448) 

(446) 

(458) 

a  Transformed  from  square  root  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  square  root  of  1997  cholesterol;  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  square  root  of  1982  cholesterol,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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13.23.1.8  Cholesterol  ( Discrete ) 

The  Model  1  analysis  of  the  percentage  of  participants  with  high  cholesterol  levels  in  1997  did  not 
uncover  a  significant  difference  between  overall  Ranch  Hands  and  Comparisons  (Table  13-69(a): 
p-0-323).  Stratifying  by  occupation  showed  a  significant  group  difference  in  the  enlisted  groundcrew 
stratum  (Table  13-69(a):  Adj.  RR=1.68,  p=0.031).  For  enlisted  groundcrew  with  normal  cholesterol 
levels  in  1982,  15.6  percent  of  the  Ranch  Hands  and  9.9  percent  of  the  Comparisons  had  high  cholesterol 
levels  in  1997. 


Table  13-69.  Longitudinal  Analysis  of  Cholesterol  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Group 

Number  (%)  High/(n) 

|S|lf§§i  ||1 1  Examination  Jfjl  1 1|  |U|| 

1985 

■Slip  ■ 

mm  i 

1997 

AU 

Ranch  Hand 

121  (15.0) 

127(16.1) 

131  (16.8) 

108  (13.9) 

121  (15.0) 

(804) 

(787) 

(778) 

(778) 

(804) 

Comparison 

156(16.3) 

170(18.1) 

135  (14.5) 

121  (13.0) 

142  (14.9) 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

34(11.0) 

49(16.1) 

49(16.3) 

35(11.7) 

36(11.7) 

(309) 

(304) 

(301) 

(300) 

(309) 

Comparison 

43  (11.4) 

53  (14.3) 

43(11.8) 

40(10.8) 

53(14.1) 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

27  (18.5) 

27  (18.9) 

30  (21.3) 

26(18.2) 

21  (14.4) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

29  (20.4) 

34(24.1) 

27  (19.3) 

19(13.8) 

21  (14.8) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew  Ranch  Hand 

60(17.2) 

51  (15.0) 

52  (15.5) 

47  (14.0) 

64  (18.3) 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

84  (19.2) 

83  (19.5) 

65  (15.3) 

62(14.6) 

68  (15.6) 

(437) 

(426) 

(426) 

(425) 

(437) 

Normal  in  1982 

|j|  Occupational  jig 

Number  (%) 

Adj.  Relative  Risk  |  Hit 

Category 

|  |  Group  |  |jH  | 

High  in  1997 1 

Jllll!  (95fcC.ld*  lJ§8g 

il 

All 

Ranch  Hand 

683 

81  (11.9) 

1.18  (0.85,1.63) 

0.323 

Comparison 

800 

82  (10.3) 

Officer 

Ranch  Hand 

275 

25  (9.1) 

0.83  (0.48,1.41) 

0.483 

Comparison 

334 

36  (10.8) 

Enlisted  Flyer 

Ranch  Hand 

119 

11  (9.2) 

0.94  (0.39,2.27) 

0.896 

Comparison 

113 

11  (9.7) 

Enlisted 

Ranch  Hand 

289 

45  (15.6) 

1.68  (1.05,2.70) 

0.031 

Groundcrew 

Comparison 

353 

35  (9.9) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-69.  Longitudinal  Analysis  of  Cholesterol  (Discrete)  (Continued) 


(b)  MODEL  2:  ®ANCH  HANDS  —.INITIAL  DIOXIN 


Number  ( %)  High/(n) 
Examination 


1982 

1985 

1987  U 

1992 

Low 

18(11.9) 

25  (17.0) 

25  (16.7) 

19(13.0) 

18  (11.9) 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

24  (15.4) 

25  (16.2) 

23(15.1) 

21  (13.8) 

29  (18.6) 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

39  (25.8) 

26(17.6) 

23  (15.8) 

27  (18.2) 

30(19.9) 

(151) 

(148) 

(146) 

(148) 

(151) 

Analysis  Results  for  Log2  (Initial  Dioxin)®;  ,Vs'k'(;' 

Normal  in  1982 

Number  (%) 

p®i:  Adj.  Relative  Risk 

High  in  1997 

Low 

133 

14  (10.5) 

1.23  (0.98,1.54) 

0.072 

Medium 

132 

21  (15.9) 

High 

112 

20(17.9) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  (%)  High/(n) 
I  Examination 


Dioxin  Category 

jHISiPillli 

1985 

iliJilUlii 

Comparison 

150(16.1) 

165(18.1) 

131  (14.5) 

115  (12.7) 

138(14.9) 

(929) 

(913) 

(903) 

(907) 

(929) 

Background  RH 

40(11.8) 

51  (15.3) 

60(18.5) 

40  (12.2) 

44  (12.9) 

(340) 

(333) 

(325) 

(327) 

(340) 

Low  RH 

29  (12.8) 

37  (16.8) 

35  (15.8) 

31  (14.2) 

31  (13.7) 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

52  (22.4) 

39  (17.0) 

36  (15.9) 

36(15.8) 

46  (19.8) 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus  High  RH 

81  (17.7) 

76  (16.9) 

71  (15.8) 

67  (15.0) 

77  (16.8) 

(458) 

(449) 

(448) 

(446) 

(458) 
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Table  13-69.  Longitudinal  Analysis  of  Cholesterol  (Discrete)  (Continued) 


Nor  matin  1982 


Dioxin  Category 

n  in  1997 

High  in  1997 

5* .  Adj.  Relative  Risk  '*  1  - 

IliiMWlllIll 

p-Valueb 

Comparison 

779 

80  (10.3) 

Background  RH 

300 

26  (8.7) 

0.75  (0.47,1.20) 

0.236 

Low  RH 

197 

24  (12.2) 

1.24(0.76,2.02) 

0.393 

High  RH 

180 

31  (17.2) 

2.04(1.29,3.24) 

0.002 

Low  plus  High  RH 

377 

55  (14.6) 

1.57(1.08,2.29) 

0.018 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


The  Model  2  longitudinal  analysis  revealed  a  marginally  significant  association  between  initial  dioxin  and 
high  cholesterol  levels  in  1997  (Table  13-69(b):  Adj.  RR=1.23,  p=0.072).  The  percentages  of 
participants  who  had  normal  cholesterol  levels  in  1982  and  high  cholesterol  levels  in  1997  were  10.5, 

15.9,  and  17.9  in  the  low,  medium,  and  high  initial  dioxin  categories,  respectively. 

Model  3  analysis  of  the  change  in  cholesterol  values  from  normal  in  1982  to  high  in  1997  revealed  two 
significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in 
the  low  and  high  dioxin  categories  combined  versus  Comparisons  (Table  13-69(c):  Adj.  RR=2.04, 
p=0.002;  Adj.  RR=1.57,  p=0.018,  respectively).  Of  the  Comparisons,  10.3  percent  had  normal 
cholesterol  levels  in  1982  and  high  cholesterol  levels  in  1997.  Of  the  Ranch  Hands,  17.2  percent  in  the 
high  dioxin  category  and  14.6  percent  in  the  low  and  high  dioxin  categories  combined  had  normal 
cholesterol  levels  in  1982  and  high  cholesterol  levels  in  1997. 

13.2.3.1.9  HDL  Cholesterol  ( Continuous ) 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin 
and  the  change  in  mean  HDL  cholesterol  levels  (Table  13-70(a-c):  p>0.10  for  each  analysis). 
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Table  13-70.  Longitudinal  Analysis  of  HDL  Cholesterol  (mg/dl)  (Continuous) 


(at  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

^Dco^atipnsil.'' 

Meana/(n) 

'Ul997.1p 

Change1’ 

Difference  of 

Change^  !§l|§ 

Mm 

All 

Ranch  Hand 

44.61 

44.66 

45.43 

40.85 

45.03 

0.42 

0.57 

0.235 

(798) 

(781) 

(772) 

(763) 

(798) 

Comparison 

44.89 

44.90 

45.45 

40.60 

44.74 

-4.15 

(955) 

(937) 

(928) 

(926) 

(955) 

Officer 

Ranch  Hand 

45.96 

46.24 

46.94 

42.59 

46.91 

0.95 

0.28 

0.844 

(306) 

(301) 

(298) 

(293) 

(306) 

Comparison 

46.31 

46.43 

47.05 

41.90 

46.98 

0.67 

(377) 

(371) 

(363) 

(367) 

(377) 

Enlisted 

Ranch  Hand 

42.99 

42.99 

44.26 

40.48 

44.86 

1.87 

1.49 

0.146 

Flyer 

(145) 

(142) 

(140) 

(138) 

(145) 

Comparison 

43.14 

43.51 

44.41 

40.28 

43.53 

0.38 

(142) 

041) 

(140) 

(136) 

(142) 

Enlisted 

Ranch  Hand 

44.13 

44.00 

44.61 

39.52 

43.50 

-0.63 

0.37 

0.527 

Groundcrew 

(347) 

(338) 

(334) 

(332) 

(347) 

Comparison 

44.27 

44.06 

44.47 

39.60 

43.27 

-1.00 

(436) 

(425) 

(425) 

(423) 

(436) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  HDL  cholesterol;  results  adjusted  for  natural  logarithm  of  HDL 
cholesterol  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-70.  Longitudinal  Analysis  of  HDL  Cholesterol  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

|  Analysis  Results  for  Log2  (ImtiaI  Dioxin)b  f  • 

Meana/(n) 

Adjusted  Slope 

|  {||  1  j  (Sitd.  Error)  fig  |p| 

p- Value 

Initial  Dioxin 

1982 

11118 

1987 

§11811 

I-'  1997:' 

Low 

44.90 

44.49 

45.38 

41.26 

45.14 

0.007  (0.008) 

6.382 

(149) 

(145) 

(148) 

(144) 

(149) 

Medium 

43.22 

43.05 

43.71 

39.43 

43.51 

(154) 

(152) 

(150) 

(148) 

(154) 

High 

42.38 

42.38 

43.37 

38.86 

43.39 

(150) 

(147) 

(145) 

(144) 

(150) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  HDL  cholesterol  and  natural  logarithm  of  1982 
HDL  cholesterol  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood 
measurement  of  dioxin,  natural  logarithm  of  1982  HDL  cholesterol,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


M 

r. ,  1VA  >’{;  aP'jfr’.SSJirfte1 

gBffS 

i 

Examination 

iiPijlxE 

iilfP 

mmm 

’■%- 

Exam.  Mean 

1  i  Dijtfei*ence  of;8i'l-' 
5®  ^ange^  jig 

p- Value0 

1982 

1985 

iw 

Comparison 

44.90 

44.80 

45.37 

40.54 

44.65 

-0.24 

(928) 

(912) 

(902) 

(901) 

(928) 

Background 

46.06 

46.57 

47.32 

42.43 

46.44 

0.38 

0.62 

0.437 

RH 

(339) 

(332) 

(324) 

(322) 

(339) 

Low  RH 

44.89 

44.77 

45.54 

41.52 

45.07 

0.18 

0.42 

0.598 

(224) 

(218) 

(220) 

(215) 

(224) 

High  RH 

42.15 

41.91 

42.81 

38.26 

42.97 

0.83 

1.07 

0.105 

(229) 

(226) 

(223) 

(221) 

(229) 

Low  plus 

43.48 

43.29 

44.14 

39.83 

44.00 

0.52 

0.76 

0.161 

High  RH 

(453) 

(444) 

(443) 

(436) 

(453) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  HDL  cholesterol;  results  adjusted  for  percent  body  fat  at 
the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  HDL  cholesterol,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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13.2.3.1.10  HDL  Cholesterol  ( Discrete ) 

Analyses  of  Models  1  through  3  showed  no  significant  relations  between  dioxin  and  the  percentage  of 
participants  with  low  HDL  cholesterol  values  in  1997  (Table  13-71(a— c):  p>0.19  for  each  analysis). 


Table  13-71.  Longitudinal  Analysis  of  HDL  Cholesterol  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Number  (%)  Low/(n) 

i  !#,  |>^  \ :)  Examination  Ig  j,  <v| 

1982 

| 

||"is^t§Sg 

ilHi! 

Bliilillii 

AU 

Ranch  Hand 

21  (2.6) 

30  (3.8) 

24(3.1) 

82  (10.7) 

67(8.4) 

(798) 

(781) 

(772) 

(763) 

(798) 

Comparison 

20(2.1) 

33  (3.5) 

22  (2.4) 

80  (8.6) 

74(7.7) 

(955) 

(937) 

(928) 

(926) 

(955) 

Officer 

Ranch  Hand 

9  (2.9) 

11  (3.7) 

1  (2.3) 

31  (10.6) 

16  (5.2) 

(306) 

(301) 

(298) 

(293) 

(306) 

Comparison 

10  (2.7) 

13  (3.5) 

4(1.1) 

28  (7.6) 

19(5.0) 

(377) 

(371) 

(363) 

(367) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

4(2.8) 

8  (5.6) 

8  (5.7) 

12  (8.7) 

16(11.0) 

(145) 

(142) 

(140) 

(138) 

(145) 

Comparison 

4  (2.8) 

8  (5.7) 

6(4.3) 

14  (10.3) 

15  (10.6) 

(142) 

(141) 

(140) 

(136) 

(142) 

Enlisted  Groundcrew  Ranch  Hand 

8  (2.3) 

11(3.3) 

9  (2.7) 

39(11.7) 

35(10.1) 

(347) 

(338) 

(334) 

(332) 

(347) 

Comparison 

6(1.4) 

12  (2.8) 

12  (2.8) 

38  (9.0) 

40  (9.2) 

(436) 

(425) 

(425) 

(423) 

(436) 

Normal  in  1982 

?■  ^timber  (%) : 

Adj.  Relative  Risk 

|?f%s,;;^:Catego'ry  . 

§xj  c<Jroup  %  y.  j A: 

n  in  1997 

Low  ini  1 997 

\>|  (95%  CL)8  mill 

All 

Ranch  Hand 

777 

57  (7.3) 

1.06(0.73,1.53) 

0.760 

Comparison 

935 

65  (7.0) 

Officer 

Ranch  Hand 

297 

13  (4.4) 

0.94  (0.45,1.97) 

0.872 

Comparison 

367 

17  (4.6) 

Enlisted  Flyer 

Ranch  Hand 

141 

15  (10.6) 

1.25  (0.56,2.78) 

0.584 

Comparison 

138 

12  (8.7) 

Enlisted 

Ranch  Hand 

339 

29  (8.6) 

1.03  (0.62,1.71) 

0.920 

Groundcrew 

Comparison 

430 

36  (8.4) 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-71.  Longitudinal  Analysis  of  HDL  Cholesterol  (Discrete)  (Continued) 


||||»|pEL2: 

RANCH  HANDS- 

-INITIAL  DIOXIN 

Number  (%)  Low/(n) 

Examination 

1985 

1987 

1992 

lIllllllSIS! 

Low 

2(1.3) 

5(3.4) 

2(1.4) 

13  (9.6) 

13  (8.7) 

(149) 

(145) 

(148) 

(144) 

(149) 

Medium 

4(2.6) 

7  (4.6) 

4  (2.7) 

16(10.8) 

15  (9.7) 

(154) 

(152) 

(150) 

(148) 

(154) 

High 

3  (2.0) 

1  (4.8) 

6(4.1) 

16(11.1) 

9  (6.0) 

(150) 

(147) 

(145) 

(144) 

(150) 

f  it  Analysis  Results  for  Log2  (Initial  Dioxin)®  § 1 § j 

Normal  in  1982 

11^01111:111 

Number  (%) 

Adj.  Relative  Risk 

;  »* 

mKMmm 

;  (9s%  ; 

p- Value  ‘  Hill 

Low 

147 

0.82  (0.60,1.12) 

0.192 

Medium 

150 

High 

147 

7(4.8) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

|  %)  Low/(n)  v 

;'0 

HiSISKft 

Examination  gjjggE-i 

mmm 

|f||  1985  II 

1987 

wmmmm 

1997 

Comparison 

20  (2.2) 

33  (3.6) 

22  (2.4) 

78  (8.7) 

73  (7.9) 

(928) 

(912) 

(902) 

(901) 

(928) 

Background  RH 

12  (3.5) 

11(3.3) 

11(3.4) 

34  (10.6) 

30  (8.8) 

(339) 

(332) 

(324) 

(322) 

(339) 

Low  RH 

6  (2.7) 

10  (4.6) 

3(1.4) 

19  (8.8) 

19  (8.5) 

(224) 

(218) 

(220) 

(215) 

(224) 

High  RH 

3(1.3) 

9  (4.0) 

9  (4.0) 

26(11.8) 

18  (7.9) 

(229) 

(226) 

(223) 

(221) 

(229) 

Low  plus  High  RH 

9  (2.0) 

19(4.3) 

12  (2.7) 

45  (10.3) 

37  (8.2) 

(453) 

(444) 

(443) 

(436) 

(453) 
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Table  13-71.  Longitudinal  Analysis  of  HDL  Cholesterol  (Discrete)  (Continued) 


Adj.  Relative  Risk 

lllfflBSliiiiWliBi 

n  in  1997 

|  |  f  (9§%  CX)ab  JilJ 

p-VaIueb 

Comparison 

908 

64  (7.0) 

Background  RH 

327 

25  (7.6) 

1.25  (0.77,2.03) 

Low  RH 

218 

16  (7.3) 

1.03  (0.58,1.83) 

0.926 

High  RH 

226 

16(7.1) 

0.85  (0.47,1.52) 

Low  plus  High  RH 

444 

32  (7.2) 

1  IB  ill  li  .  — 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


13.2.3.1.11  Cholesterol-HDL  Ratio  ( Continuous ) 

The  Models  1  through  3  analyses  did  not  reveal  a  significant  association  between  the  cholesterol-HDL 
ratio  and  dioxin  (Table  13-72(a-c):  p>0.23  for  each  analysis). 
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Table  13-72. 

Longitudinal  Analysis  of  Cholesterol-HDL  Ratio  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

■  ...  Meana/(n) 

Exam.  ||i 

Changeb 

Difference  of  § 
Exam.  Mean  |§ 
!  v  Change  J  ..  j 

1982 

1985 

If  1987 

mil 

1997 

All 

Ranch  Hand 

4.71 

4.77 

4.71 

5.23 

4.65 

- 0.06 

-0.01 

0.519 

(798) 

(781) 

(772) 

(763) 

(798) 

Comparison 

4.77 

4.80 

4.71 

5.27 

4.71 

-0.05 

(955) 

(937) 

(928) 

(926) 

(955) 

Officer 

Ranch  Hand 

4.58 

4.62 

4.56 

4.99 

4.36 

-0.22 

-0.10 

0.237 

(306) 

(301) 

(298) 

(293) 

(306) 

Comparison 

4.57 

4.60 

4.53 

5.04 

4.45 

-0.12 

(377) 

(371) 

(363) 

(367) 

(377) 

Enlisted 

Ranch  Hand 

5.00 

5.06 

4.88 

5.32 

4.72 

-0.28 

-0.06 

0.255 

Flyer 

(145) 

(142) 

(140) 

(138) 

(145) 

Comparison 

5.16 

5.06 

4.95 

5.45 

4.94 

-0.22 

(142) 

(141) 

(140) 

(136) 

(142) 

Enlisted 

Ranch  Hand 

4.71 

4.79 

4.78 

5.42 

4.89 

0.18 

0.12 

0.400 

Groundcrew 

(347) 

(338) 

(334) 

(332) 

(347) 

Comparison 

4.81 

4.89 

4.79 

5.43 

4.87 

0.06 

(436) 

(425) 

(425) 

(423) 

(436) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  choIesterol-HDL  ratio;  results  adjusted  for  natural  logarithm  of 
cholesterol-HDL  ratio  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-72.  Longitudinal  Analysis  of  Cholesterol-HDL  Ratio  (Continuous)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS .  -  INITIAL  DIOXIN 


'  f -l  *  *  -  Iniiial|D16xin  Category  Summary  Statistics  \  ty* 

Analysis  Results  for  Log2  (Initial  Dioxin)5 

Meana/(n) 

Adjusted  Slope 
(Std.  Error)  j§ jjgj  | 

p-Value 

:  initial 

1987 

1992 

1181# 

Low 

4.70 

4.81 

4.73 

5.17 

4.51 

0.005  (0.008) 

(149) 

(145) 

(148) 

(144) 

(149) 

Medium 

4.85 

4.98 

4.93 

5.43 

4.88 

(154) 

(152) 

(150) 

(148) 

(154) 

High 

5.10 

5.12 

5.02 

5.59 

4.98 

(150) 

(147) 

(145) 

(144) 

(150) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  cholesterol-HDL  ratio  and  natural  logarithm  of 
1982  GGT  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of 
dioxin,  natural  logarithm  of  1982  cholesterol-HDL  ratio,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Category 

MeahV(n)--: 

Examination 

lllift 

mm iipn 

Differenceof  g 
J;fexanius|&aii  Jj| 

Change 

1982 

1985 

1987  * 

!§§i§ 

mm 

.  |  ■  Chbrtgl* |  jSf 

Comparison 

4.76 

4.81 

4.71 

5.28 

4.72 

-0.04 

(928) 

(912) 

(902) 

(901) 

(928) 

Background 

4.50 

4.52 

4.48 

4.99 

4.47 

-0.03 

0.01 

0.473 

RH 

(339) 

(332) 

(324) 

(322) 

(339) 

Low  RH 

4.69 

4.77 

4.69 

5.16 

4.57 

-0.12 

-0.08 

0.281 

(224) 

(218) 

(220) 

(215) 

(224) 

High  RH 

5.08 

5.17 

5.10 

5.64 

5.01 

-0.06 

-0.02 

0.971 

(229) 

(226) 

(223) 

(221) 

(229) 

Low  plus 

4.88 

4.97 

4.89 

5.40 

4.79 

-0.09 

-0.05 

0.505 

High  RH 

(453) 

(444) 

(443) 

(436) 

(453) 

Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  cholesterol-HDL  ratio;  results  adjusted  for  percent  body 
fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  cholesterol-HDL  ratio,  and  age  in 
1997. 

Note:  RH  =  Ranch  Hand. 


Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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13.2.3.1.12  Cholesterol-HDL  Ratio  (Discrete) 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin 
and  the  percentage  of  participants  who  had  a  normal  cholesterol-HDL  ratio  in  1982  and  a  high 
cholesterol-HDL  ratio  in  1997  (Table  13-73(a-c):  p>0.10  for  each  analysis). 


Table  13-73.  Longitudinal  Analysis  of  Cholesterol-HDL  Ratio  (Discrete) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Ig&ejfe?:  IfeflSSP?  '\ 

j|  |  j|  |t| Sj  Number  (%)  High/(n)  { lijjj  §j  | , 

Examination 

1982 

1985 

1 

1992 

IliiPiilS! 

All 

Ranch  Hand 

350(43.9 ) 

352  (45.1) 

335  (43.4) 

432  (56.6) 

324(40.6) 

(798) 

(781) 

(772) 

(763) 

(798) 

Comparison 

423  (44.3) 

415  (44.3) 

401  (43.2) 

533  (57.6) 

404  (42.3) 

(955) 

(937) 

(928) 

(926) 

(955) 

Officer 

Ranch  Hand 

120  (39.2) 

132(43.9) 

124(41.6) 

144(49.1) 

99  (32.4) 

(306) 

(301) 

(298) 

(293) 

(306) 

Comparison 

151(40.1) 

140  (37.7) 

134  (36.9) 

182  (49.6) 

117  (31.0) 

(377) 

(371) 

(363) 

(367) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

74  (51.0) 

69  (48.6) 

61  (43.6) 

83  (60.1) 

56  (38.6) 

(145) 

(142) 

(140) 

(138) 

(145) 

Comparison 

77  (54.2) 

71  (50.4) 

76  (54.3) 

84  (61.8) 

71  (50.0) 

(142) 

(141) 

(140) 

(136) 

(142) 

Enlisted  Groundcrew  Ranch  Hand 

156  (45.0) 

151  (44.7) 

150  (44.9) 

205  (61.7) 

169  (48.7) 

(347) 

(338) 

(334) 

(332) 

(347) 

Comparison 

195  (44.7) 

204  (48.0) 

191  (44.9) 

267  (63.1) 

216  (49.5) 

(436) 

(425) 

(425) 

(423) 

(436) 

«i!aai«i 

Occupational 

Adj.  Relative  Risk 

iHI  |  /Group  UlS ft  |  § 

n  in  1997 

Higliinl997 

if§! •  * (95W C.£)*v  . gjggg 

|  ;p^Valuea;/,/;|: 

All 

Ranch  Hand 

448 

90  (20.1) 

0.82  (0.60,1.12) 

0.206 

Comparison 

532 

125  (23.5) 

Officer 

Ranch  Hand 

186 

27  (14.5) 

1.00  (0.58,1.74) 

0.996 

Comparison 

226 

33  (14.6) 

Enlisted  Flyer 

Ranch  Hand 

71 

16  (22.5) 

0.81  (0.37,1.78) 

0.598 

Comparison 

65 

17  (26.2) 

Enlisted 

Ranch  Hand 

191 

47  (24.6) 

0.72  (0.47,1.10) 

0.131 

Groundcrew 

Comparison 

241 

75  (31.1) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  cholesterol-HDL  ratio  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-73.  Longitudinal  Analysis  of  Cholesterol-HDL  Ratio  (Discrete)  (Continued) 


(b)  MODEL  2: 

RANCH  HAlSipS  - 

-INITIAL  DIOXIN 

Hit  1 : 11  i . §t IS! Number  (%)  High/(n) 

Examination  gi§||  |  j 

1985 

1987 

1992 

Low 

61  (40.9) 

66  (45.5) 

65  (43.9) 

79  (54.9) 

51  (34.2) 

(149) 

(145) 

(148) 

(144) 

(149) 

Medium 

74  (48.1) 

75  (49.3) 

73  (48.7) 

97  (65.5) 

72  (46.8) 

(154) 

(152) 

(150) 

(148) 

(154) 

High 

82  (54.7) 

78  (53.1) 

74  (51.0) 

92  (63.9) 

78  (52.0) 

050) 

(147) 

(145) 

(144) 

(150) 

|?J  |  Analysis  Results  for  Log2  (Initial  Djioxin)8  f§f§l 

Adj.  Relative  Risk 

IIUI  (95%  C!.)b  | 

■  p- Value1  Illll 

Low 

88 

15  (17.0) 

1.15(0.89,1.48) 

0.278 

Medium 

80 

21  (26.3) 

High 

68 

17  (25.0) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  cholesterol-HDL  ratio  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


:  • :  •  : 

Dioxin  Category 

mmum 

1985 

g|j|  •  19*92  {§ 

Comparison 

407  (43.9) 

406  (44.5) 

391  (43.3) 

518(57.5) 

395  (42,6) 

(928) 

(912) 

(902) 

(901) 

(928) 

Background  RH 

131  (38.6) 

130  (39.2) 

120  (37.0) 

160  (49.7) 

119(35.1) 

(339) 

(332) 

(324) 

(322) 

(339) 

Low  RH 

91  (40.6) 

93  (42.7) 

94  (42.7) 

120  (55.8) 

80  (35.7) 

High  RH 

(224) 

(218) 

(220) 

(215) 

(224) 

126  (55.0) 

126  (55.8) 

118(52.9) 

148  (67.0) 

121  (52.8) 

(229) 

(226) 

(223) 

(221) 

(229) 

Low  plus  High  RH 

217  (47.9) 

219(49.3) 

212  (47.9) 

268  (61.5) 

201  (44.4) 

(453) 

(444) 

(443) 

(436) 

(453) 
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Table  13-73.  Longitudinal  Analysis  of  Cholesterol-HDL  Ratio  (Discrete)  ( Continued ) 


X9&2[  '}s 

Dioxin  Category 

Number  (%) 
n  in  1997  High  in  1997 

Pit 

p-Va!ueb 

Comparison 

521 

124  (23.8) 

Background  RH 

208 

35  (16.8) 

0.70  (0.46,1.07) 

0.102 

Low  RH 

133 

25  (18.8) 

0.74  (0.45,1.20) 

0.216 

High  RH 

103 

28  (27.2) 

1.03  (0.63,1.68) 

0.899 

Low  plus  High  RH 

236 

53  (22.5) 

0.85  (0.59,1.24) 

0.408 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  cholesterol-HDL  ratio  in  1982  (see  Chapter  7, 
Statistical  Methods). 


13.2.3. 1. 13  Triglycerides  ( Continuous ) 

The  Model  1  analysis  of  the  change  in  triglyceride  levels  did  not  uncover  a  significant  difference  between 
overall  Ranch  Hands  and  Comparisons  or  within  each  occupational  stratum  (Table  13-74(a):  p>0.12  for 
each  contrast).  The  Model  2  analysis  did  not  reveal  a  significant  association  between  the  change  in 
triglyceride  levels  and  initial  dioxin  (Table  13-74(b):  p=0.751). 

Model  3  analysis  of  the  change  in  mean  triglyceride  levels  between  1982  and  1997  revealed  two 
significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in 
the  low  and  high  dioxin  categories  combined  versus  Comparisons  (Table  13-74(c):  difference  of 
examination  mean  change=l  1.8  mg/dl,  p=0.020;  difference  of  examination  mean  change=5.4  mg/dl, 
p=0.094,  respectively).  The  examination  mean  changes  for  Ranch  Hands  in  the  high  dioxin  category, 
Ranch  Hands  in  the  low  and  high  dioxin  categories  combined,  and  Comparisons  were  13.1  mg/dl,  6.7 
mg/dl,  and  1.3  mg/dl,  respectively. 
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Table  13-74.  Longitudinal  Analysis  of  Triglycerides  (mg/dl)  (Continuous) 


a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  triglycerides;  results  adjusted  for  natural  logarithm  of 
triglycerides  in  1982  and  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  13-74.  Longitudinal  Analysis  of  Triglycerides  (mg/dl)  (Continuous)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)l> 

Meana/(n) 

ifili  Adjusted  Slope  §gj| 

p-Value 

1987 

1997  | 

Low 

122.1 

120.8 

120.1 

143.2 

117.6 

0.006(0.020) 

0.751 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

129.2 

129.1 

142.9 

163.3 

141.4 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

129.5 

133.2 

133.6 

161.1 

143.0 

(151) 

(148) 

(146) 

(148) 

(151) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  triglycerides  and  natural  logarithm  of  1982 
triglycerides  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of 
dioxin,  natural  logarithm  of  1982  triglycerides  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  --J  7 

liiPSilSjip 

■  •  • 

§jjjglll 

Mean“/(n)  ■ 
Examination 

•  -rv' ' 

mm 

Exam: 

|§|i|f  Change 

IK?#* 

1985 

1987 

1992 

1997 

IfiMlifi 

Comparison 

120.1 

118.7 

118.7 

145.4 

121.4 

1.3 

(929) 

(913) 

(903) 

(907) 

(929) 

Background 

107.7 

103.7 

105.5 

134.4 

108.6 

0.8 

-0.5 

0.377 

RH 

(339) 

(332) 

(324) 

(326) 

(339) 

Low  RH 

119.8 

120.4 

120.5 

144.0 

120.8 

1.0 

-0.3 

0.820 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

134.3 

135.0 

144.1 

167.8 

147.3 

13.1 

11.8 

0.020 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus 

126.9 

127.6 

131.9 

155.7 

133.6 

6.7 

5.4 

0.094 

High  RH 

(458) 

(449) 

(448) 

(446) 

(458) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  triglycerides;  results  adjusted  for  percent  body  fat  at  the 
date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  triglycerides,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 


13-211 


1 3.2.3.  L 14  T riglycerides  ( Discrete ) 

The  Model  1  analysis  of  the  percentage  of  participants  with  a  normal  triglyceride  level  in  1982  and  a  high 
triglyceride  level  in  1997  did  not  show  a  significant  difference  between  overall  Ranch  Hands  and 
Comparisons  or  within  each  occupational  stratum  (Table  13-75(a):  p>0.12  for  each  contrast). 


Table  13-75.  Longitudinal  Analysis  of  Triglycerides  (Discrete) 

smmmmmmmrnmmmmmmi  w.- 


Occupational:  . /  - : :  ■  -  :  : ■  v  -  :  lamination 


iiiiaaii 

HiSHill! 

||  1987.  || 

1992  |i 

All 

Ranch  Hand 

248(30.9) 

58(7.4) 

59(7.6) 

88  (11.3) 

179  (22.3) 

(803) 

(786) 

(777) 

(777) 

(803) 

Comparison 

313  (32.7) 

61  (6.5) 

60  (6.5) 

84  (9.0) 

203  (21.2) 

(956) 

(938) 

(929) 

(933) 

(956) 

Officer 

Ranch  Hand 

84  (27.3) 

30  (9.9) 

21  (7.0) 

33(11.0) 

53  (17.2) 

(308) 

(303) 

(300) 

(299) 

(308) 

Comparison 

113(30.0) 

24  (6.5) 

25  (6.9) 

32  (8.6) 

62  (16.4) 

(377) 

(371) 

(363) 

(370) 

(377) 

Enlisted  Flyer 

Ranch  Hand 

55  (37.7) 

14  (9.8) 

12(8.5) 

20  (14.0) 

30  (20.5) 

(146) 

(143) 

(141) 

(143) 

(146) 

Comparison 

52  (36.6) 

10(7.1) 

9  (6.4) 

11  (8.0) 

42  (29.6) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew  Ranch  Hand 

109  (31.2) 

14(4.1) 

26  (7.7) 

35  (10.4) 

96  (27.5) 

(349) 

(340) 

(336) 

(335) 

(349) 

Comparison 

148  (33.9) 

27  (6.3) 

26  (6.1) 

41  (9.6) 

99  (22.7) 

(437) 

(426) 

(426) 

(425) 

(437) 

Normal  in  1982 

piiipilii 

%  Occupational 

i»:l»iSaili»S 

Number  9e|||| 

%  Adj.  Relative  Risk  %  £ 

Group 

High  in  1997 

Ifjf 

All 

Ranch  Hand 

555 

66(11.9) 

1.31  (0.90,1.89) 

0.159 

Comparison 

643 

60  (9.3) 

Officer 

Ranch  Hand 

224 

20  (8.9) 

1.44  (0.73,2.82) 

0.291 

Comparison 

264 

17  (6.4) 

Enlisted  Flyer 

Ranch  Hand 

91 

8  (8.8) 

0.69  (0.26,1.80) 

0.443 

Comparison 

90 

11  (12.2) 

Enlisted 

Ranch  Hand 

240 

38  (15.8) 

1.48  (0.89,2.46) 

0.127 

Groundcrew 

Comparison 

289 

32(11.1) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  triglyceride  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-75.  Longitudinal  Analysis  of  Triglycerides  (Discrete)  (Continued) 
(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  “ 


Number  (%)  Higb/(n) 
1 H  I  Examination  ,  V. 


1982 

1985 

Iilf!i87|;:; 

1992 

1997 

Low 

49  (32.5) 

13  (8.8) 

9  (6.0) 

14  (9.6) 

36(23.8) 

(151) 

(147) 

(150) 

(146) 

(151) 

Medium 

56  (35.9) 

16  (10.4) 

16  (10.5) 

25  (16.4) 

44  (28.2) 

(156) 

(154) 

(152) 

(152) 

(156) 

High 

56  (37.1) 

11  (7.4) 

18(12.3) 

19  (12.8) 

49  (32.5) 

(151) 

(148) 

(146) 

(148) 

(151) 

r 

Analysis  Results  for  Log2  (Initial  Dioxin)3  §fj  ||| 

Adj.  Relative  Risk 

:  (95%C.I.)"  p- Value 

Low  102  14  (13.7) 

Medium  100  12  (12.0) 

High  95  19  (20.0) 

1.07(0.83,1.38)  0.608 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  triglyceride  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin  Category 

-?'4- 

Number  (%)  High/(n) 

1982 

511*111: 

llv'&iMH 

iifaiissl! 

Comparison 

300  (32.3) 

58  (6.4) 

57  (6.3) 

80  (8.8) 

195  (21.0) 

(929) 

(913) 

(903) 

(907) 

(929) 

Background  RH 

83  (24.5) 

17  (5.1) 

16  (4.9) 

30  (9.2) 

46  (13.6) 

(339) 

(332) 

(324) 

(326) 

(339) 

Low  RH 

75  (33.2) 

20  (9.1) 

14  (6.3) 

21  (9.6) 

52  (23.0) 

(226) 

(220) 

(222) 

(218) 

(226) 

High  RH 

86  (37.1) 

20  (8.7) 

29  (12.8) 

37  (16.2) 

77  (33.2) 

(232) 

(229) 

(226) 

(228) 

(232) 

Low  plus  High  RH 

161  (35.2) 

40  (8.9) 

43  (9.6) 

58  (13.0) 

129  (28.2) 

(458) 

(449) 

(448) 

(446) 

(458) 
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Table  13-75.  Longitudinal  Analysis  of  Triglycerides  (Discrete)  ( Continued ) 


Normal  in  1982 

Number  (%) 

Adj.  Relative  Risk 

Dioxin  Category 

n  in  1997 

UU  High  in  1997 ' 

■  (95%  C.I.)ab 

||§  If  p-Valueb 

Comparison 

629 

58  (9.2) 

Background  RH 

256 

19  (7.4) 

0.88  (0.51,1.52) 

0.649 

Low  RH 

151 

17(11.3) 

1.29(0.72,2.30) 

0.390 

High  RH 

146 

28  (19.2) 

1.97(1.19,3.26) 

0.008 

Low  plus  High  RH 

297 

45  (15.2) 

1.59(1.04,2.44) 

0.034 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  triglyceride  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


The  Model  2  analysis  did  not  reveal  a  significant  association  between  the  change  in  triglyceride  levels  and 
initial  dioxin  (Table  13-75(b):  p=0.608).  Model  3  analysis  of  the  change  in  triglyceride  values  from 
normal  in  1982  to  high  in  1997  revealed  two  significant  contrasts:  Ranch  Hands  in  the  high  dioxin 
category  versus  Comparisons  and  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  versus 
Comparisons  (Table  13-75(c):  Adj.  RR=1.97,  p=0.008;  Adj.  RR=1. 59,  p=0.034,  respectively).  Of  the 
Comparisons,  9.2  percent  had  normal  triglyceride  levels  in  1982  and  high  triglyceride  levels  in  1997.  Of 
the  Ranch  Hands,  19.2  percent  in  the  high  dioxin  category  and  15.2  percent  in  the  low  and  high  dioxin 
categories  combined  had  normal  triglyceride  levels  in  1982  and  high  triglyceride  levels  in  1997. 


13.3  DISCUSSION 

The  historical,  physical  examination,  and  laboratory  parameters  included  in  the  gastrointestinal 
assessment  are  well  established  in  clinical  practice  as  screening  tools  in  the  outpatient  investigation  of 
digestive  disorders.  In  the  diagnosis  of  digestive  disorders,  it  is  important  to  recognize  the  limitations  of 
the  history  and  physical  examination.  Rather  than  pointing  to  a  particular  diagnosis,  digestive  symptoms 
are  frequently  nonspecific  and  intermittent.  In  this  setting,  even  the  best-designed  medical  history 
questionnaire  can  be  subject  to  error.  “Ulcer”  and  “colitis”  are  diagnoses  that  are  commonly  reported  but 
often  not  accurately  established.  As  a  common  target  organ  for  situational  stress,  the  bowel  frequently 
gives  rise  to  symptoms  that  can  be  severe  but  that  are  functional  in  nature  and  resolve  over  time.  These 
caveats  highlight  the  importance  of  the  type  of  medical  record  verification  conducted  in  the  current  study. 

The  physical  examination  of  the  gastrointestinal  system  is  often  of  limited  value  and  can  be  misleading  in 
the  differential  diagnosis.  For  example,  the  detection  of  enlargement  of  the  liver  in  the  obese  patient  is 
unreliable.  In  obstructive  airway  disease,  with  hyperinflation  of  the  lungs  and  flattening  of  the 
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diaphragms,  the  liver  edge  may  descend  abnormally  below  the  right  costal  margin  in  the  absence  of 
hepatomegaly.  The  span  of  the  liver  by  palpation  or  percussion  is  often  an  unreliable  index  of  liver  size. 

Data  collected  in  the  laboratory  can  provide  early  insight  into  the  presence  of  occult  liver  disease  despite 
the  limitations  in  the  history  and  physical  examination.  The  four  hepatic  enzymes  analyzed  as  dependent 
variables  (AST,  ALT,  GGT,  and  LDH)  are  commonly  ordered  in  the  outpatient  setting.  These  enzymes, 
of  which  GGT  is  the  most  sensitive,  are  present  in  high  intracellular  concentration.  They  also  are 
elevated  in  fatty  infiltration  of  the  liver  associated  with  obesity  and  in  virtually  all  toxic,  inflammatory, 
and  neoplastic  diseases  with  hepatic  involvement. 

The  hepatic  enzymes  are  used  in  the  detection  and  follow-up  of  parenchymal  liver  disease.  The  serum 
alkaline  phosphatase  and  bilirubin  are  reflective  of  hepatobiliary  function  and  are  elevated  in 
‘‘cholestatic”  or  “obstructive”  diseases.  Although  present  in  virtually  all  organ  systems,  the  serum 
alkaline  phosphatase  in  the  adult  population  under  study  is  of  dual  origin  and  close  to  a  even  mixture  of 
liver-  and  bone-derived  fractions.  An  elevated  alkaline  phosphatase  is  not  diagnostic  of  liver  disease  and 
may  occur  in  a  broad  range  of  unrelated  clinical  conditions  including  drug-induced  cholestasis,  Paget’s 
disease  (3%  of  males  over  age  40),  neoplasia  with  metastases  to  bone,  and  congestive  heart  failure. 

Similarly,  the  bilirubin  measurements  are  subject  to  numerous  hereditary  and  acquired  disorders  unrelated 
to  intrinsic  hepatic  disease.  The  benign  hyperbilirubinemia  of  Gilbert’s  syndrome  will  occur  in  5  percent 
of  the  population  under  study.  Many  medications,  including  over-the-counter  preparations,  have  been 
implicated  in  the  overproduction  of  bilirubin  that  occurs  in  the  hemolytic  reactions  associated  with 
glucose-6-phosphate  dehydrogenase  deficiency  that  may  be  present  in  up  to  15  percent  of  Black 
American  males. 

In  this  follow-up  examination,  with  two  exceptions,  none  of  the  analyses  of  historical  (verified  medical 
records  review)  or  physical  examination  variables  revealed  any  significant  group  differences  or  evidence 
for  liver  disease  associated  with  the  1987  body  burden  of  dioxin.  Consistent  with  the  1992  examinations. 
Ranch  Hands  were  significantly  less  likely  than  Comparisons  to  have  a  history  of  jaundice  (1.4%  vs. 
2.9%),  a  finding  that  is  consistent  with  the  highly  significant  (p<0.001)  inverse  dose-response  pattern 
in  the  model  relating  this  variable  to  1987  serum  dioxin.  Also  consistent  with  the  1992  follow-up 
examination,  Ranch  Hands  were  more  likely  than  Comparisons  to  have  a  history  of  other  liver  disorders, 
primarily  based  on  enlisted  groundcrew  (30.8%  vs.  25.2%).  An  increasing  history  of  other  liver  disorders 
as  dioxin  levels  increased  also  was  observed.  Twelve  percent  of  this  category  of  “other  liver  disorders” 
comprised  participants  with  nonspecific  laboratory  test  elevations  at  previous  examinations. 

The  laboratory  data  examined  can  be  divided  broadly  into  parenchymal  (serum  enzymes),  hepatobiliary 
(serum  bilirubin  and  alkaline  phosphatase),  lipid  or  carbohydrate  indices,  and  a  10-element  protein 
profile  including  prealbumin,  albumin,  a-l-acid  glycoprotein,  a- 1 -antitrypsin,  a-2-macrogIobulin, 
apolipoprotein  B,  C3  complement,  C4  complement,  haptoglobin,  and  transferrin.  The  components  of  the 
protein  profile  were  selected  to  provide  a  comprehensive  reflection  of  multiple  organ  systems  involved  in 
homeostasis  and  to  investigate  the  possibility  of  a  subclinical  inflammatory  process  that  might  be 
associated  with  prior  TCDD  exposure  or  the  current  body  burden  of  dioxin.  Produced  in  the  liver,  the 
proteins  measured  are  most  sensitive  to  hepatic  function  but  also  provide  a  reliable  assessment  of 
nutritional  status.  Selected  proteins  (a-l-acid  glycoprotein,  a- 1 -antitrypsin,  and  haptoglobin)  are 
nonspecifically  elevated  in  association  with  inflammation,  whereas  reductions  in  the  C3  and  C4 
complement  indices  are  associated  with  immune  system  responses. 

Few  of  the  laboratory  analyses  revealed  any  significant  differences  between  the  Ranch  Hand  and 
Comparison  cohorts.  Ranch  Hands  continued  to  have  a  slightly  higher  mean  alkaline  phosphatase  than 
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Comparisons  by  continuous  analysis.  In  the  analyses  relating  alkaline  phosphatase  to  the  initial  and  the 
1987  body  burden  of  dioxin  within  Ranch  Hands,  a  marginally  significant  inverse  relation  was  noted.  In 
the  analyses  of  laboratory  data  in  discrete  form,  no  significant  group  differences  were  defined. 

The  analyses  of  two  protein  variables  in  continuous  form,  a- 1 -antitrypsin  and  haptoglobin,  yielded 
statistically  significant  (p=0.002  for  both  variables)  overall  group  differences  with  Ranch  Hands 
adversely  affected.  In  neither  instance  was  there  any  evidence  for  an  association  with  1987  serum  dioxin 
levels  and,  by  all  discrete  analyses,  the  prevalence  of  abnormalities  was  similar  in  each  cohort. 

Several  analyses  yielded  results  that  have  been  documented  consistently  in  prior  examinations.  Although 
no  overall  group  differences  were  defined  by  both  continuous  and  discrete  analyses,  three  of  four  liver 
enzymes — ALT,  AST,  and  GOT — revealed  significant  positive  associations  with  1987  serum  dioxin 
levels.  Similar  results  were  noted  as  well  in  the  analysis  of  serum  triglycerides.  These  results,  while 
consistent  with  a  dose-response  effect,  might  be  explained  as  well  on  the  basis  of  the  hyperlipidemia  and 
fatty  infiltration  of  the  liver  that  occur  in  association  with  obesity.  A  causal  relation  with  prior  dioxin 
exposure  remains  to  be  established. 

Dependent  variable-covariate  associations  yielded  results  similar  to  those  documented  in  previous 
examinations  and  that  are  well  established  in  clinical  practice.  Highly  significant  positive  correlations 
were  noted  relating  lifetime  alcohol  consumption  with  the  history  of  chronic  liver  disease  and  cirrhosis, 
the  finding  of  enlargement  of  the  liver  upon  physical  examination,  and  an  elevation  in  GGT,  the  most 
sensitive  liver  enzyme.  The  mean  creatine  phosphokinase  level  in  Blacks  was  almost  twice  as  high  as  in 
non-Blacks,  a  finding  that  was  noted  in  both  the  1987  and  1992  examinations  and  that  appears  to  be  race- 
and  gender-specific. 

Throughout  15  years  of  observation,  the  longitudinal  analyses  have  yielded  marginally  significant  results 
in  several  of  the  laboratory  indices,  most  of  which  were  similar  to  those  documented  in  the  1992 
examination.  Although  no  significant  overall  group  differences  were  identified,  a  consistent  gradual 
reduction  in  serum  AST  occurred  in  both  Ranch  Hands  and  Comparisons  across  all  occupational  and 
exposure  categories.  In  the  analyses  of  ALT  in  discrete  form.  Ranch  Hand  enlisted  groundcrew,  those 
most  heavily  exposed  to  dioxin,  remained  less  likely  than  Comparisons  to  have  abnormal  elevations  in 
this  index  (5.6%  vs.  7.9%,  respectively)  in  1997.  Relative  to  Comparisons,  the  increase  in  mean  serum 
triglyceride  levels  over  time  was  most  pronounced  in  Ranch  Hands  in  the  highest  serum  dioxin  category 
in  a  pattern  consistent  with  a  dose-response  effect  (13.1  mg  vs.  1.3  mg;  p=0.020).  Finally,  Ranch  Hands 
in  the  enlisted  groundcrew  occupational  stratum  whose  cholesterol  levels  were  normal  in  1982  were 
significantly  more  likely  than  Comparisons  to  develop  abnormal  elevations  in  1997  (15.6%  vs.  9.9%),  an 
effect  most  pronounced  in  those  participants  with  the  highest  levels  of  serum  dioxin  relative  to 
Comparisons  (17.2%  vs.  10.3%). 

Data  analyzed  for  the  gastrointestinal  assessment  confirm  observations  that  would  be  anticipated  in 
clinical  practice  and  reflect  no  apparent  increase  in  organ-specific  morbidity  in  Ranch  Hands  relative  to 
Comparisons.  Although  the  results  cited  above  are  consistent  with  a  subtle  effect  of  dioxin  on  lipid 
metabolism,  an  association  with  body  habitus  and  obesity  cannot  be  excluded. 
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13.4  SUMMARY 


13.4.1  Model  1:  Group  Analysis 

The  adjusted  group  analysis  for  medical  records  variables  revealed  a  significant  difference  between 
Ranch  Hands  and  Comparisons  over  all  occupational  strata  for  jaundice.  Comparisons  had  a  greater 
history  of  jaundice  than  Ranch  Hands. 

The  adjusted  Model  1  analyses  of  the  continuous  variables  found  that  Ranch  Hands  had  significantly 
higher  mean  levels  of  alkaline  phosphatase,  a- 1 -antitrypsin,  haptoglobin,  and  transferrin  than 
Comparisons.  In  the  discrete  analyses,  significantly  more  Ranch  Hands  than  Comparisons  had  high 
haptoglobin  levels  and  more  Comparisons  than  Ranch  Hands  had  evidence  of  prior  hepatitis  B  infection 
and  low  transferrin  values. 

After  stratifying  by  occupation,  the  adjusted  analyses  revealed  significantly  lower  mean  levels  of  serum 
amylase,  apolipoprotein  B,  and  C4  complement  among  the  Ranch  Hand  officers  versus  Comparison 
officers.  In  the  discrete  analysis,  more  Comparison  officers  than  Ranch  Hand  officers  had  prior  hepatitis 
B  infection.  Ranch  Hand  enlisted  flyers  had  a  significantly  lower  percentage  of  high  apolipoprotein  B 
values  than  Comparison  enlisted  flyers. 

The  adjusted  analysis  of  the  continuous  variables  showed  that  among  the  enlisted  groundcrew,  the  Ranch 
Hand  mean  levels  of  alkaline  phosphatase,  a- 1 -acid  glycoprotein,  a- 1 -antitrypsin,  and  haptoglobin  were 
significantly  higher  than  the  corresponding  Comparison  group  mean  levels.  The  adjusted  discrete 
analyses  found  significantly  more  high  triglyceride  levels  and  low  prealbumin  levels  among  enlisted 
groundcrew  Ranch  Hands  than  among  enlisted  groundcrew  Comparisons.  A  significantly  smaller 
prevalence  of  serological  evidence  of  prior  hepatitis  B  infection  was  seen  for  Ranch  Hand  enlisted 
groundcrew  versus  Comparison  enlisted  groundcrew. 

The  results  of  all  unadjusted  and  adjusted  Model  1  analyses  are  summarized  in  Table  13-76. 


Table  13-76.  Summary  of  Group  Analysis  (Model  1)  for  Gastrointestinal  Variables  (Ranch  Hands 
vs.  Comparisons) 


UNADJUSTED 


|  i  /Variable  J|| 

g|j  .Officer  Hi 

?§£.  Enlisted  p 

Medical  Records 

Uncharacterized  Hepatitis  (D) 

NS 

NS 

NS 

NS 

Jaundice  (Unspecified)  (D) 

-0.025 

ns* 

NS 

ns* 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

ns 

ns 

(Alcohol-related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis  (Non- 

NS 

NS 

ns 

NS 

alcohol-related)  (D) 

Liver  Abscess  and  Sequelae  of  Chronic 

NS 

ns 

NS 

Liver  Disease  (D) 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

NS 

ns* 

Other  Liver  Disorders  (D) 

NS* 

NS 

NS 

NS* 

Physical  Examination 

Current  Hepatomegaly  (D) 

NS 

NS 

NS 

NS 
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Table  13-76.  Summary  of  Group  Analysis  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED 


Enlisted 

|  §§|  J  Enlisted  jf 

Variable 

Officer 

{jisl 

Groundcrew 

Laboratory 

AST  (C) 

NS 

NS 

ns 

NS 

AST  (D) 

NS 

NS 

ns 

NS 

ALT  (C) 

NS 

NS 

ns 

NS 

ALT  (D) 

NS 

NS 

ns 

ns 

GGT  (C) 

NS 

NS 

ns 

NS 

GGT  (D) 

NS 

NS 

NS 

ns 

Alkaline  Phosphatase  (C) 

+0.024 

NS 

NS 

+0.030 

Alkaline  Phosphatase  (D) 

NS 

ns 

NS 

NS* 

Total  Bilirubin  (C) 

ns 

NS 

ns 

NS 

Total  Bilirubin  (D) 

ns 

ns 

NS 

ns 

Direct  Bilirubin  (D) 

ns 

ns 

_ 

ns 

Lactic  Dehydrogenase  (C) 

NS 

ns 

ns 

NS 

Lactic  Dehydrogenase  (D) 

ns 

ns 

NS 

ns 

Cholesterol  (C) 

ns 

ns 

ns 

NS 

Cholesterol  (D) 

NS 

ns 

ns 

NS 

HDL  Cholesterol  (C)a 

NS 

ns 

NS 

ns 

HDL  Cholesterol  (D) 

NS 

NS 

NS 

NS 

Cholesterol-HDL  Ratio  (C) 

ns 

ns 

ns 

NS 

CholesteroI-HDL  Ratio  (D) 

NS 

NS 

ns 

NS 

Triglycerides  (C) 

NS 

NS 

ns 

NS 

Triglycerides  (D) 

NS 

NS 

ns 

NS* 

Creatine  Phosphokinase  (C) 

NS 

NS 

ns 

NS 

Creatine  Phosphokinase  (D) 

ns 

ns 

ns 

NS 

Serum  Amylase  (C) 

NS 

-0.048 

NS 

NS 

Serum  Amylase  (D) 

ns 

ns* 

NS 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

NS 

ns 

Serological  Evidence  of  Prior  Hepatitis  B 
Infection  (D) 

-0.001 

-0.031 

ns* 

-0.036 

Current  Hepatitis  B  (D) 

ns 

— 

— 

ns 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

— 

— 

— 

— 

Stool  Hemoccult  (D) 

ns 

ns 

ns 

ns 

Prealbumin  (C)a 

ns 

ns 

NS 

ns 

Prealbumin  (D) 

NS 

NS 

NS 

NS* 

Albumin  (C)a 

ns 

ns 

NS 

NS 

Albumin  (D) 

ns 

NS 

ns 

ns 

a- 1 -Acid  Glycoprotein  (C) 

NS 

ns 

ns 

+0.044 

a- 1 -Acid  Glycoprotein  (D) 

NS 

ns 

NS 

NS 

a- 1 -Antitrypsin  (C): 
a- 1 -Antitrypsin  (D): 

+0.002 

NS 

NS 

+0.001 

Low  vs.  Normal 

ns 

NS 

NS 

ns 

High  vs.  Normal 

NS 

NS 

ns 

NS 

a-2-Macroglobulin  (C) 

ns 

ns 

ns 

ns 

a-2-Macroglobulin  (D) 

ns 

ns 

ns 

ns 

Apolipoprotein  B  (C) 

ns 

ns* 

ns 

NS 

Apolipoprotein  B  (D) 

ns* 

ns 

-0.007 

NS 

C3  Complement  (C)a 

NS 

NS 

ns 

NS 

C3  Complement  (D) 

ns 

ns 

ns 

NS 
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Table  13-76.  Summary  of  Group  Analysis  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ilBliiiliiBlIfifPiSifeSSSMftp 

UNADJUSTED 

All 

Officer:  |jjjj 

|':-;;:J|Enlisted;;J| 
Jjljl ,  Flyer!  | j§ 

Enlisted 

C4  Complement  (C)a 

ns 

-0.024 

NS* 

ns 

C4  Complement  (D) 

NS 

NS 

ns 

— 

Haptoglobin  (C) 

+0.002 

NS 

NS 

+0.016 

Haptoglobin  (D) 

+0.017 

NS 

NS 

NS* 

Transferrin  (C)a 

+0.044 

NS 

NS 

NS* 

Transferrin  (D) 

-0.036 

ns* 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
— :  Relative  risk  <1.00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
a  Negative  difference  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analyses  or  difference  of  means  negative  for  continuous  analysis. 


ADJUSTED 


Variable 

Officer 

;i^'|'|.:Eiilisted/;'-'':f 

Medical  Records 

Uncharacterized  Hepatitis  (D) 

NS 

NS 

NS 

NS 

Jaundice  (Unspecified)  (D) 

-0.028 

ns 

NS 

ns* 

Chronic  Liver  Disease  and  Cirrhosis 

ns 

NS 

ns 

ns 

(Alcohol-related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

ns 

NS 

(Non-alcohol-related)  (D) 

Liver  Abscess  and  Sequelae  of  Chronic 

NS 

Liver  Disease  (D) 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

NS 

ns* 

Other  Liver  Disorders  (D) 

NS* 

NS 

ns 

NS* 

Physical  Examination 

Current  Hepatomegaly  (D) 

NS 

NS 

NS 

Laboratory 

AST  (C) 

NS 

NS 

ns 

NS 

AST  (D) 

NS 

NS 

ns 

NS 

ALT  (C) 

NS 

NS 

ns 

NS 

ALT  (D) 

NS 

NS 

ns 

ns 

GGT  (C) 

NS 

NS 

NS 

NS 

GGT  (D) 

NS 

NS 

NS 

ns 

Alkaline  Phosphatase  (C) 

+0.016 

NS 

NS 

+0.021 

Alkaline  Phosphatase  (D) 

NS 

ns 

NS 

NS* 

Total  Bilirubin  (C) 

NS 

NS 

ns 

NS 

Total  Bilirubin  (D) 

ns 

ns 

NS 

ns 

Direct  Bilirubin  (D) 

ns 

ns 

— 

— 
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Table  13-76.  Summary  of  Group  Analysis  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


Variable 

liittllil! 

- Officer  '• 

j  |j§|  Flyer  j§ 

giilliljliii 

Groundcrew 

Lactic  Dehydrogenase  (C) 

NS 

ns 

ns 

NS 

Lactic  Dehydrogenase  (D) 

ns 

ns 

NS 

ns 

Cholesterol  (C) 

ns 

ns 

ns 

NS 

Cholesterol  (D) 

NS 

ns 

NS 

NS 

HDL  Cholesterol  (C)a 

NS 

ns 

NS* 

ns 

HDL  Cholesterol  (D) 

NS 

NS 

ns 

NS 

Cholesterol-HDL  Ratio  (C) 

ns 

ns 

ns* 

NS 

Cholesterol-HDL  Ratio  (D) 

NS 

NS 

ns* 

NS 

Triglycerides  (C) 

NS 

NS 

ns 

NS 

Triglycerides  (D) 

NS 

NS 

ns 

+0.047 

Creatine  Phosphokinase  (C) 

NS 

NS 

ns 

NS 

Creatine  Phosphokinase  (D) 

ns 

ns 

ns 

NS 

Serum  Amylase  (C) 

ns 

-0.037 

NS 

NS 

Serum  Amylase  (D) 

ns 

ns* 

NS 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

ns 

NS 

ns 

Serological  Evidence  of  Prior  Hepatitis  B 

-<0.001 

-0.024 

ns* 

-0.035 

Infection  (D) 

Current  Hepatitis  B  (D) 

ns 

_ 

ns 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

~ 

_ 

_ 

Stool  Hemoccult  (D) 

ns 

ns 

ns 

ns 

Prealbumin  (C)a 

ns 

ns 

NS 

ns 

Prealbumin  (D) 

NS 

NS 

NS 

+0.043 

Albumin  (C)a 

ns 

ns 

NS 

NS 

Albumin  (D) 

ns 

NS 

— 

a- 1 -Acid  Glycoprotein  (C) 

NS 

ns 

NS 

+0.030 

a- 1 -Acid  Glycoprotein  (D) 

NS 

ns 

NS 

NS* 

a- 1 -Antitrypsin  (C) 

+0.001 

NS 

NS* 

+<0.001 

a- 1 -Antitrypsin  (D): 

Low  vs.  Normal 

ns 

NS 

_ 

ns 

High  vs.  Normal 

NS 

— 

ns 

NS 

a-2-Macroglobulin  (C) 

ns 

ns 

ns 

ns 

a-2-Macroglobulin  (D) 

ns 

ns 

ns 

NS 

Apolipoprotein  B  (C) 

ns 

-0.048 

ns 

NS 

Apolipoprotein  B  (D) 

ns* 

ns 

-0.005 

NS 

C3  Complement  (C)a 

NS 

NS 

ns 

NS 

C3  Complement  (D) 

ns 

ns 

ns 

NS 

C4  Complement  (C)a 

ns 

-0.017 

NS 

ns 

C4  Complement  (D) 

NS 

NS 

_ 

_ 

Haptoglobin  (C) 

+0.003 

NS 

NS 

+0.016 

Haptoglobin  (D) 

+0.020 

NS 

NS 

NS* 

Transferrin  (C)a 

+0.037 

NS 

NS 

NS* 

Transferrin  (D) 

-0.027 

ns* 

ns 

ns 
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Table  13-76.  Summary  of  Group  Analysis  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
— :  Relative  risk  <1.00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
a  Negative  difference  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


13.4.2  Model  2:  Initial  Dioxin  Analysis 

Model  2  analyses  of  medical  records  variables  revealed  a  significant  positive  association  between  initial 
dioxin  and  other  liver  disorders. 

Adjusted  Model  2  analysis  of  the  laboratory  examination  variables  revealed  a  significant  positive 
association  between  initial  dioxin  and  the  discrete  form  of  ALT.  A  significant  inverse  association  was 
seen  between  initial  dioxin  and  the  discrete  form  of  HDL  cholesterol  in  the  adjusted  analysis. 

The  results  of  all  unadjusted  and  adjusted  Model  2  analyses  are  summarized  in  Table  13-77. 


Table  13-77.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Gastrointestinal  Variables  (Ranch 
Hands  Only) 


mm 

Bill 

Unadjusted  Adjusted 

Medical  Records 


Uncharacterized  Hepatitis  (D) 

NS 

NS 

Jaundice  (Unspecified)  (D) 

NS 

NS 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related)  (D) 

NS 

NS 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related)  (D) 

NS 

NS 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease  (D) 

NS 

NS 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

Other  Liver  Disorders  (D) 

NS 

+0.022 

Physical  Examination 

Current  Hepatomegaly  (D) 

ns 

ns 

Laboratory 

AST  (C) 

NS 

NS 

AST  (D) 

NS 

NS 

ALT  (C) 

NS 

NS 

ALT  (D) 

NS 

+0.049 

GGT  (C) 

NS 

NS 

GGT  (D) 

NS 

NS 

Alkaline  Phosphatase  (C) 

ns 

ns* 

Alkaline  Phosphatase  (D) 

ns 

NS 

Total  Bilirubin  (C) 

ns 

NS 
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Table  13-77.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Gastrointestinal  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

Unadjusted 

Adjusted 

Total  Bilirubin  (D) 

ns 

ns 

Direct  Bilirubin  (D) 

_ 

Lactic  Dehydrogenase  (C) 

ns 

NS 

Lactic  Dehydrogenase  (D) 

ns 

ns 

Cholesterol  (C) 

+0.005 

NS 

Cholesterol  (D) 

+0.036 

NS* 

HDL  Cholesterol  (C)a 

ns 

NS 

HDL  Cholesterol  (D) 

ns 

-0.029 

Cholesterol-HDL  Ratio  (C) 

+0.003 

NS 

Cholesterol-HDL  Ratio  (D) 

+0.002 

NS 

Triglycerides  (C) 

NS 

NS 

Triglycerides  (D) 

NS 

ns 

Creatine  Phosphokinase  (C) 

NS 

ns 

Creatine  Phosphokinase  (D) 

NS 

NS 

Serum  Amylase  (C) 

ns* 

ns* 

Serum  Amylase  (D) 

ns 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

Serological  Evidence  of  Prior  Hepatitis  B  Infection  (D) 

NS 

ns 

Current  Hepatitis  B  (D) 

ns 

ns 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

— 

_ 

Stool  Hemoccult  (D) 

ns 

ns 

Prealbumin  (C)a 

ns 

ns 

Prealbumin  (D) 

NS 

NS* 

Albumin  (C)a 

NS 

ns 

Albumin  (D) 

— 

_ 

a- 1 -Acid  Glycoprotein  (C) 

NS 

ns* 

a- 1 -Acid  Glycoprotein  (D) 

NS 

ns 

a- 1 -Antitrypsin  (C) 

NS* 

NS 

a- 1  -  Antitrypsin  (D) : 

Low  vs.  Normal 

ns 

ns 

High  vs.  Normal 

NS 

ns 

a-2-Macroglobulin  (C) 

ns 

NS 

a-2-MacroglobuIin  (D) 

NS 

NS* 

Apolipoprotein  B  (C) 

+0.009 

NS 

Apolipoprotein  B  (D) 

NS* 

NS 

C3  Complement  (C)a 

+0.023 

NS 

C3  Complement  (D) 

NS 

NS 

C4  Complement  (C)a 

ns 

ns 

C4  Complement  (D) 

~ 

— 

Haptoglobin  (C) 

NS 

ns 

Haptoglobin  (D) 

NS 

ns 

Transferrin  (C)a 

NS 

ns 

Transferrin  (D) 

ns 

ns 
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Table  13-77.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Gastrointestinal  Variables 
(Ranch  Hands  Only)  (Continued) 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

— :  Relative  risk  <1.00  for  discrete  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormality. 
a  Negative  slope  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


13.4.3  Model  3:  Categorized  Dioxin  Analysis 

Adjusted  Model  3  analyses  revealed  a  significantly  higher  percentage  of  other  liver  disorders  among 
Ranch  Hands  in  the  high  dioxin  category  than  among  Comparisons. 

The  adjusted  results  of  the  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  contrast 
revealed  Ranch  Hands  had  significantly  higher  mean  levels  of  GGT,  triglycerides,  a- 1 -antitrypsin,  and 
transferrin  than  Comparisons.  The  discrete  analyses  for  AST,  triglycerides,  and  prealbumin  were  also 
significant,  with  Ranch  Hands  in  the  high  dioxin  category  having  a  higher  prevalence  of  abnormal  values 
than  Comparisons.  In  addition,  significantly  less  serological  evidence  of  prior  hepatitis  B  and  low 
transferrin  levels  were  noted  in  Ranch  Hands  in  the  high  dioxin  category  than  in  Comparisons. 

The  adjusted  result  of  the  contrast  between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
versus  Comparisons  revealed  that  Ranch  Hands  had  significantly  higher  mean  levels  of  ALT,  GGT, 
a- 1 -antitrypsin,  haptoglobin,  and  transferrin  than  Comparisons.  The  discrete  analyses  for  AST  and 
triglycerides  were  also  significant,  with  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
having  a  greater  prevalence  of  high  values  than  Comparisons.  In  addition,  significantly  less  serological 
evidence  of  prior  hepatitis  B  and  low  transferrin  levels  were  noted  in  the  Ranch  Hands  in  the  low  and 
high  dioxin  categories  combined  than  in  Comparisons. 

The  adjusted  analyses  also  found  several  significant  differences  for  the  contrast  between  Ranch  Hands  in 
the  background  dioxin  category  versus  Comparisons.  Ranch  Hands  had  significantly  higher  mean  levels 
of  alkaline  phosphatase,  a- 1 -antitrypsin,  and  haptoglobin  than  Comparisons.  The  discrete  analyses  for 
HDL  cholesterol  and  haptoglobin  were  also  significant,  with  Ranch  Hands  in  the  background  dioxin 
category  having  a  higher  prevalence  of  abnormal  values  than  Comparisons.  In  addition,  significantly 
fewer  Ranch  Hands  in  the  background  dioxin  category  had  serological  evidence  of  prior  hepatitis  B  and 
high  apolipoprotein  B  levels  than  did  Comparisons. 

The  results  of  all  unadjusted  and  adjusted  Model  3  analyses  are  summarized  in  Table  13-78. 
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Table  13-78.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 


Variable 

j  ^  Ranch  Hands  ' '  § 

j.  "VS.  ;G^n^^risra^:  j 

Low  Ranch 
Hands 

vs.  Comparisons 

High  Ranch 
f  Hands  <  ^ 
y  vs.  Comparisons 

Low  plus  High 
■  ;  Ranch  Hands 
vs.  Comparisons 

Medical  Records 

Uncharacterized  Hepatitis  (D) 

NS 

ns 

NS 

NS 

Jaundice  (Unspecified)  (D) 

NS 

-0.017 

ns* 

-0.001 

Chronic  Liver  Disease  and  Cirrhosis 

ns 

NS 

NS 

NS 

(Alcohol-related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

NS 

NS 

(Non-alcohol-related)  (D) 

Liver  Abscess  and  Sequelae  of 

ns 

ns 

NS 

NS 

Chronic  Liver  Disease  (D) 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

NS 

ns 

Other  Liver  Disorders  (D) 

NS 

NS 

+0.009 

+0.042 

Physical  Examination 

Current  Hepatomegaly  (D) 

NS 

NS 

NS 

NS 

Laboratory 

AST  (C) 

ns 

NS 

NS 

NS 

AST  (D) 

ns 

NS 

NS* 

NS* 

ALT  (C) 

ns 

NS 

+0.027 

+0.041 

ALT  (D) 

ns 

NS 

+0.015 

NS* 

GGT  (C) 

ns 

NS 

+0.003 

+0.007 

GGT  (D) 

ns 

NS 

NS 

NS* 

Alkaline  Phosphatase  (C) 

NS 

NS* 

NS 

NS* 

Alkaline  Phosphatase  (D) 

NS 

ns 

NS 

NS 

Total  Bilirubin  (C) 

NS 

ns 

ns 

ns 

Total  Bilirubin  (D) 

ns 

NS 

ns 

ns 

Direct  Bilirubin  (D) 

ns 

_ 

_ 

_ 

Lactic  Dehydrogenase  (C) 

NS 

ns 

NS 

NS 

Lactic  Dehydrogenase  (D) 

NS 

ns 

ns 

ns 

Cholesterol  (C) 

ns 

ns 

+0.032 

NS 

Cholesterol  (D) 

ns 

ns 

+0.023 

NS 

HDL  Cholesterol  (C)a 

NS 

NS 

ns 

ns 

HDL  Cholesterol  (D) 

NS 

NS 

ns 

NS 

Cholesterol-HDL  Ratio  (C) 

ns* 

ns 

+0.005 

NS 

Cholesterol-HDL  Ratio  (D) 

ns 

ns 

+0.002 

NS 

Triglycerides  (C) 

ns 

ns 

+<0.001 

+0.023 

Triglycerides  (D) 

ns* 

NS 

+<0.001 

+0.006 

Creatine  Phosphokinase  (C) 

NS 

NS 

NS 

NS 

Creatine  Phosphokinase  (D) 

ns 

ns 

NS 

ns 

Serum  Amylase  (C) 

ns 

+0.019 

ns 

NS 

Serum  Amylase  (D) 

ns 

NS 

ns 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

NS 

NS 

Serological  Evidence  of  Prior 

-<0.001 

ns 

ns 

ns 

Hepatitis  B  Infection  (D) 

Current  Hepatitis  B  (D) 

— 

NS 

_ 

NS 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

— 

— 

— 

_ 

Stool  Hemoccult  (D) 

ns 

NS 

ns 

ns 
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Table  13-78.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Gastrointestinal 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED 


Variable 

gjH  m  Comparisons  J 

Low  Ranch  1 
fj  |  fg  Hands  -  |Jg 
VS.,  Comparisons 

|  it  'BKgft'Ratachv^fi 
J§  |  |  -  Hands  §l|f|g 
vs.  Comparisons 

Low  plus  High 
|  Ranch  Hands  1 
vs.  Comparisons 

Prealbumin  (C)a 

ns 

ns 

NS 

ns 

Prealbumin  (D) 

NS 

ns 

NS* 

NS 

Albumin  (C)a 

NS 

ns* 

NS 

ns 

Albumin  (D) 

ns 

ns 

ns 

ns* 

a- 1 -Acid  Glycoprotein  (C) 

ns 

NS 

+0.045 

NS 

a- 1 -Acid  Glycoprotein  (D) 

NS 

NS 

NS 

NS 

a- 1 -Antitrypsin  (C) 
a- 1 -Antitrypsin  (D): 

NS 

NS 

+<0.001 

+0.001 

Low  vs.  Normal 

NS 

ns 

ns 

ns 

High  vs.  Normal 

NS 

NS 

NS 

NS 

a-2-Macroglobulin  (C) 

ns 

ns 

ns 

ns 

a-2-MacroglobuIin  (D) 

ns* 

ns 

NS 

ns 

Apolipoprotein  B  (C) 

ns* 

ns 

NS* 

NS 

Apolipoprotein  B  (D) 

-0.017 

ns 

NS 

ns 

C3  Complement  (C)a 

ns 

NS 

+0.003 

+0.013 

C3  Complement  (D) 

NS 

ns 

ns 

ns* 

C4  Complement  (C)a 

ns 

NS 

NS 

NS 

C4  Complement  (D) 

NS 

ns 

ns 

ns 

Haptoglobin  (C) 

NS 

NS* 

+0.001 

+0.001 

Haptoglobin  (D) 

NS 

NS 

+0.023 

+0.015 

Transferrin  (C)a 

NS 

NS 

+0.010 

+0.019 

Transferrin  (D) 

ns 

ns 

-0.039 

ns* 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
-:  Relative  risk  <1.00  for  discrete  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
a  Negative  difference  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


ADJUSTED 


.-Variable- 

Background 
Ranch  Hands, 
vs.  Comparisons 

Low  Ranch 
Hands 

vs.  Comparisons 

:  <  High  Ranch 
Hands 

vs.  Comparisons 

Low  plus  High  | 
Ranch  Hands 
vs.  Comparisons 

Medical  Records 

Uncharacterized  Hepatitis  (D) 

NS 

NS 

NS 

NS 

Jaundice  (Unspecified)  (D) 

ns 

— 

ns* 

__ 

Chronic  Liver  Disease  and  Cirrhosis 
(Alcohol-related)  (D) 

NS 

ns 

ns 

ns 
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Table  13-78.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Gastrointestinal 
Variables  (Ranch  Hands  vs.  Comparisons )  (Continued) 


ADJUSTED 

j  |  Ranch  Hands 

•  Low  Ranch  y- 1 
1  ||r-Hands  ■  §1 1 
vs;  Comparisons 

fj  High  Ranch 
Hands 

vs.  Comparisons 

|  Low  plus  High |J  1 1 
Ranch  Hands 
:  vs.  Comparisons 

Chronic  Liver  Disease  and  Cirrhosis 
(Non-alcohol-related)  (D) 

NS 

NS 

NS 

NS 

Liver  Abscess  and  Sequelae  of 
Chronic  Liver  Disease  (D) 

— 

— 

NS 

- 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

NS 

ns 

Other  Liver  Disorders  (D) 

Physical  Examination 

NS 

NS 

+0.009 

NS* 

Current  Hepatomegaly  (D) 

Laboratory 

NS 

NS 

NS 

NS 

AST  (C) 

ns 

NS 

NS 

NS* 

AST  (D) 

ns 

NS 

+0.024 

+0.041 

ALT  (C) 

ns 

NS* 

NS* 

+0.026 

ALT  (D) 

ns 

NS 

NS* 

NS* 

GGT  (C) 

ns 

NS 

+0.006 

+0.006 

GGT  (D) 

ns 

NS 

NS 

NS* 

Alkaline  Phosphatase  (C) 

+0.008 

NS* 

ns 

NS 

Alkaline  Phosphatase  (D) 

NS 

ns 

NS 

NS 

Total  Bilirubin  (C) 

ns 

ns 

NS 

NS 

Total  Bilirubin  (D) 

ns 

NS 

ns 

ns 

Direct  Bilirubin  (D) 

NS 

_ 

_ 

Lactic  Dehydrogenase  (C) 

NS 

ns 

NS 

NS 

Lactic  Dehydrogenase  (D) 

NS 

ns 

ns 

ns 

Cholesterol  (C) 

ns 

ns 

NS 

NS 

Cholesterol  (D) 

ns 

NS 

NS* 

NS 

HDL  Cholesterol  (C)a 

NS 

NS 

NS 

NS 

HDL  Cholesterol  (D) 

+0.049 

NS 

ns 

ns 

Cholesterol-HDL  Ratio  (C) 

ns 

ns 

NS 

NS 

Cholesterol-HDL  Ratio  (D) 

NS 

ns 

NS 

NS 

Triglycerides  (C) 

ns 

NS 

+0.013 

NS* 

Triglycerides  (D) 

ns 

NS 

+0.009 

+0.012 

Creatine  Phosphokinase  (C) 

ns 

NS 

NS 

NS 

Creatine  Phosphokinase  (D) 

ns 

ns 

NS 

ns 

Serum  Amylase  (C) 

ns 

NS* 

ns 

NS 

Serum  Amylase  (D) 

ns 

NS 

NS 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

ns 

ns 

ns 

Serological  Evidence  of  Prior 

Hepatitis  B  Infection  (D) 

-0.004 

ns 

-0.021 

-0.012 

Current  Hepatitis  B  (D) 

— 

NS 

__ 

_ 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

— 

__ 

__ 

Stool  Hemoccult  (D) 

ns 

NS 

ns 

ns 

Prealbumin  (C)a 

ns 

NS 

NS 

NS 

Prealbumin  (D) 

NS 

ns 

+0.021 

NS 

Albumin  (C)a 

NS 

ns 

NS 

ns 

Albumin  (D) 

ns 

— 

— 

_ 

a- 1 -Acid  Glycoprotein  (C) 

ns 

NS 

NS 

NS 

a- 1 -Acid  Glycoprotein  (D) 

NS 

NS 

NS 

NS 

a- 1 -Antitrypsin  (C) 

+0.024 

NS 

+0.011 

+0.020 
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Table  13-78.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Gastrointestinal 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


Background 
Ranch  Hands 
vs.  Comparisons 

Low  Ranch 
'  * :  j 5  Hands  ;; ‘  <,! 
IfH!  Comparisons 

High  Ranch 
Hands 

vs.  Comparisons 

Low  plus  High 
Ranch  Hands  1§ 
vs.  Comparisons 

a- 1 -Antitrypsin  (D): 

Low  vs.  Normal 

ns 

ns 

NS 

NS 

High  vs.  Normal 

NS 

NS 

NS 

NS 

a-2-Macroglobulin  (C) 

ns 

ns 

NS 

ns 

a-2-Macroglobulin  (D) 

ns* 

ns 

NS 

ns 

Apolipoprotein  B  (C) 

ns 

ns 

NS 

ns 

Apolipoprotein  B  (D) 

-0.050 

ns 

ns 

ns 

C3  Complement  (C)a 

ns 

NS 

NS 

NS 

C3  Complement  (D) 

NS 

ns 

ns 

ns* 

C4  Complement  (C)a 

ns 

NS 

ns 

ns 

C4  Complement  (D) 

NS 

— 

__ 

_ 

Haptoglobin  (C) 

+0.014 

NS 

NS 

+0.036 

Haptoglobin  (D) 

+0.042 

NS 

NS 

NS 

Transferrin  (C)a 

NS 

NS 

+0.050 

+0.032 

Transferrin  (D) 

ns 

ns 

-0.045 

-0.039 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
— :  Relative  risk  <1.00  for  discrete  analysis. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 
a  Negative  difference  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


13.4.4  Model  4:  1987  Dioxin  Level  Analysis 

The  Model  4  analysis  revealed  a  significant  inverse  association  between  jaundice  and  1987  dioxin. 

Many  significant  associations  between  the  laboratory  examination  variables  and  1987  dioxin  levels  were 
seen  in  the  Model  4  analyses.  In  both  the  continuous  and  discrete  forms,  the  hepatic  enzymes  ALT,  AST, 
and  GGT  revealed  significant,  positive  associations  with  1987  dioxin.  Alkaline  phosphatase  revealed 
significant  inverse  associations  with  1987  dioxin  in  both  the  continuous  and  discrete  analyses. 

For  the  lipid  and  carbohydrate  indices,  the  Model  4  continuous  and  discrete  analyses  detected  significant 
positive  associations  with  the  cholesterol-HDL  ratio  and  triglycerides.  A  significant  inverse  relation  was 
seen  between  1987  dioxin  and  HDL  cholesterol  for  both  discrete  and  continuous  analyses. 

Analysis  of  creatine  phosphokinase  in  both  its  continuous  and  discrete  forms  revealed  a  significant 
positive  association  with  1987  dioxin.  In  addition,  a  significant  inverse  association  between  1987  dioxin 
and  the  continuous  form  of  serum  amylase  was  found. 
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The  adjusted  results  of  the  protein  profile  variables  yielded  several  significant  findings.  A  significant 
inverse  association  between  1987  dioxin  and  the  continuous  form  of  a- 1 -acid  glycoprotein  and  a 
significant  positive  association  between  1987  dioxin  and  C3  complement  in  its  continuous  form  were 
found.  The  discrete  analysis  showed  more  Ranch  Hands  than  Comparisons  with  a  high 
a-2-macroglobulin  level,  and  more  Comparisons  than  Ranch  Hands  with  low  C3  complement  and  C4 
complement  levels. 

The  results  of  all  Model  4  analyses  are  summarized  in  Table  13-79. 


Table  13-79.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Gastrointestinal  Variables  (Ranch 
Hands  Only) 


Variable  i  Unadjusted  Adjusted 


Medical  Records 

Uncharacterized  Hepatitis  (D) 

ns 

ns 

Jaundice  (Unspecified)  (D) 

-<0.001 

-<0.001 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related)  (D) 

NS 

NS 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related)  (D) 

NS 

NS 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease  (D) 

NS 

NS 

Enlarged  Liver  (Hepatomegaly)  (D) 

ns 

ns 

Other  Liver  Disorders  (D) 

NS* 

NS* 

Physical  Examination 

Current  Hepatomegaly  (D) 

NS 

NS 

Laboratory 

AST  (C) 

+0.033 

+0.002 

AST  (D) 

+0.008 

+0.002 

ALT  (C) 

+<0.001 

+<0.001 

ALT  (D) 

+0.001 

+<0.001 

GGT  (C) 

+0.002 

+0.003 

GGT  (D) 

+0.034 

+0.012 

Alkaline  Phosphatase  (C) 

ns 

-0.003 

Alkaline  Phosphatase  (D) 

ns 

-0.020 

Total  Bilirubin  (C) 

ns 

NS 

Total  Bilirubin  (D) 

ns 

ns 

Direct  Bilirubin  (D) 

ns 

ns 

Lactic  Dehydrogenase  (C) 

NS 

NS 

Lactic  Dehydrogenase  (D) 

NS 

NS 

Cholesterol  (C) 

+0.009 

NS 

Cholesterol  (D) 

+0.025 

NS 

HDL  Cholesterol  (C)a 

-<0.001 

-0.037 

HDL  Cholesterol  (D) 

ns 

-0.029 

Cholesterol-HDL  Ratio  (C) 

+<0.001 

+0.006 

Cholesterol-HDL  Ratio  (D) 

+<0.001 

+0.025 

Triglycerides  (C) 

+<0.001 

+<0.001 

Triglycerides  (D) 

+<0.001 

+0.001 

Creatine  Phosphokinase  (C) 

NS* 

+0.011 

Creatine  Phosphokinase  (D) 

NS 

+0.043 

Serum  Amylase  (C) 

-0.035 

-0.003 

Serum  Amylase  (D) 

ns 

ns 

Antibodies  for  Hepatitis  A  (D) 

NS 

NS 

Serological  Evidence  of  Prior  Hepatitis  B  Infection  (D) 

+0.023 

NS 

Current  Hepatitis  B  (D) 

NS 

NS 
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Table  13-79.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Gastrointestinal  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

Unadjusted 

Adjusted 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

Antibodies  for  Hepatitis  D  (D) 

— 

_ 

Stool  Hemoccult  (D) 

NS 

NS 

Prealbumin  (C)a 

ns 

ns 

Prealbumin  (D) 

NS 

NS 

Albumin  (C)a 

ns 

ns 

Albumin  (D) 

ns 

ns 

a- 1 -Acid  Glycoprotein  (C) 

NS 

-0.049 

a- 1 -Acid  Glycoprotein  (D) 

NS 

ns 

ct-1 -Antitrypsin  (C) 

NS 

ns* 

a- 1 -Antitrypsin  (D): 

Low  vs.  Normal 

ns 

ns 

High  vs.  Normal 

ns 

ns 

oc-2-Macroglobulin  (C) 

ns 

ns 

a-2-Macroglobulin  (D) 

+0.020 

+0.014 

Apolipoprotein  B  (C) 

+0.002 

NS 

Apolipoprotein  B  (D) 

+0.017 

NS 

C3  Complement  (C)a 

+<0.001 

+<0.001 

C3  Complement  (D) 

-0.011 

-0.004 

C4  Complement  (C)a 

NS* 

NS 

C4  Complement  (D) 

-0.033 

-0.024 

Haptoglobin  (C) 

NS 

ns 

Haptoglobin  (D) 

NS 

ns 

Transferrin  (C)a 

NS* 

NS 

Transferrin  (D) 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

-:  Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormality. 
a  Negative  slope  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


13.5  CONCLUSION 

The  gastrointestinal  assessment  was  based  on  eight  disorders  as  determined  from  a  review  and 
verification  of  each  participant’s  medical  records,  a  physical  examination  determination  of  hepatomegaly, 
and  29  laboratory  measurements  or  indices.  The  laboratory  parameters  included  measurements  of  hepatic 
enzyme  activity,  hepatobiliary  function,  lipid  and  carbohydrate  indices,  and  a  protein  profile.  In  addition, 
the  presence  of  hepatitis  and  fecal  occult  blood  was  investigated. 
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Analyses  of  Ranch  Hands  versus  Comparisons  showed  higher  mean  levels  of  alkaline  phosphatase, 
a- 1 -antitrypsin,  and  haptoglobin  in  Ranch  Hands  than  in  Comparisons.  In  addition,  significantly  more 
Ranch  Hands  than  Comparisons  had  high  haptoglobin  levels.  A  review  of  medical  records  showed  a 
positive  association  between  initial  dioxin  and  other  liver  disorders.  Twelve  percent  of  the  participants 
with  the  other  liver  disorders  condition  had  nonspecific  laboratory  test  elevations.  A  significant 
association  between  initial  dioxin  and  high  levels  of  AST  also  was  revealed. 

Analyses  of  categorized  dioxin  revealed  a  significantly  higher  percentage  of  other  liver  disorders  among 
Ranch  Hands  in  the  high  dioxin  category  than  among  Comparisons.  Higher  mean  levels  of  GGT, 
triglycerides,  and  a- 1 -antitrypsin  were  observed  in  Ranch  Hands  in  the  high  dioxin  category  than  in 
Comparisons.  Ranch  Hands  in  the  high  dioxin  category  had  a  greater  prevalence  of  abnormal  AST, 
triglyceride,  and  prealbumin  levels  than  did  Comparisons. 

Many  significant  associations  between  the  laboratory  examination  variables  and  1987  dioxin  levels  were 
observed.  In  both  the  continuous  and  discrete  forms,  the  hepatic  enzymes  ALT,  AST,  and  GGT  revealed 
significant,  positive  associations  with  1987  dioxin.  In  addition,  significant  positive  associations  between 
1987  dioxin  and  the  cholesterol-HDL  ratio,  triglycerides,  and  creatine  phosphokinase  were  present. 

In  summary,  the  analysis  of  the  1997  follow-up  data  reflected  patterns  that  have  been  observed  and 
documented  in  prior  examinations.  A  composite  category  of  disease  named  “other  liver  disorders” 
exhibited  a  dose-response  relation  with  dioxin.  Isolated  group  differences  exist,  but  1987  dioxin  levels 
are  strongly  related  to  hepatic  enzymes  such  as  AST,  ALT,  and  GGT,  and  to  lipid-related  health  indices 
such  as  cholesterol,  HDL,  and  triglycerides.  These  results  are  consistent  with  a  dose-response  effect  and 
may  be  related  to  unknown  subclinical  effects  of  dioxin.  Although  hepatic  enzymes  showed  an 
association  with  dioxin,  there  was  no  evidence  of  an  increase  in  overt  liver  disease.  The  relation  between 
other  liver  disorders  and  herbicide  exposure  and  dioxin  levels  will  be  described  in  greater  detail  in  a 
separate  report. 
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14  CARDIOVASCULAR  ASSESSMENT 


14.1  INTRODUCTION 

14.1.1  Background 

Animal  research  into  the  cardiotoxicity  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin)  has  focused  on 
acute  biochemical  and  functional  abnormalities  associated  with  high-level  exposure.  In  one  study  (1),  rats 
were  found  to  have  reductions  in  pulse  and  blood  pressure  6  days  after  administration  of  40  pg/kg  of 
dioxin  by  gavage  and  were  less  responsive  to  the  chronotropic  effect  of  isoproterenol,  a  beta-agonist.  The 
authors  of  the  study,  noting  a  66-percent  reduction  in  serum  thyroxine,  postulated  a  down  regulation  of 
beta-receptors  associated  with  the  hypothyroid  state  rather  than  a  direct  cardiotoxic  effect.  Their  findings 
were  consistent  with  other  studies  that  documented  changes  in  myocardial  beta-receptors  with  reduced 
serum  indices  of  thyroid  function  and  decreased  beta-adrenergic  responsiveness  to  isoproterenol  in  the 
ventricular  papillary  muscle  of  guinea  pigs  (2).  Experiments  into  the  effects  of  dioxin  on  myocardial 
contractility  in  rat  (3)  and  guinea  pig  (4)  atrial  muscle  have  yielded  mixed  results;  the  primary  cardiotoxic 
effects  remain  uncertain. 

The  biochemical  effects  of  dioxin  on  cardiac  muscle  have  been  the  subject  of  several  reports.  An  increase 
in  lipid  peroxidation  and  a  decrease  in  superoxide  dismutase  activity  were  noted  in  the  hearts  of  female 
rats  after  dioxin  administration  (1).  Dose-dependent  decreases  in  adipose  tissue  lipoprotein  lipase  activity 
and  hepatic  low-density  lipoprotein  binding  occurred  in  rabbits  (5)  and  other  laboratory  animals  (6)  in 
association  with  elevated  serum  triglycerides.  Electron  microscopic  studies  have  documented  pre- 
atherosclerotic  lesions  in  the  aortic  arch  in  association  with  these  biochemical  abnormalities  (5)  and 
dioxin  exposure  has  been  associated  with  intravascular  thrombosis  in  rats  (7).  Two  recent  studies  provide 
evidence  that  the  developing  vascular  endothelium  of  fish  embryos  may  be  a  target  organ  for  dioxin 
toxicity  (8,  9). 

Numerous  studies  have  focused  on  the  effects  of  dioxin  toxicity  on  lipid  metabolism  in  experimental 
animals  and  may  be  relevant  to  herbicide  exposure  as  a  risk  factor  for  the  development  of  heart  disease  in 
man.  Dioxin-induced  hyperlipidemia  has  been  documented  in  rats  (10,  11),  guinea  pigs  (12),  and 
rabbits  (5). 

Numerous  epidemiological  studies  have  investigated  cardiovascular  mortality  and  morbidity  in 
populations  exposed  to  dioxin  by  occupation  and  consequent  to  industrial  accidents  (13-22).  Other 
reports  have  examined  similar  endpoints  in  veterans  who  served  in  the  Vietnam  War  (23-35).  Some 
occupational  (13,  20)  and  veterans’  studies  (23,  25,  26,  28-31)  cited  have  shown  no  increase  in 
cardiovascular  mortality  associated  with  exposure  to  dioxin,  and  several  have  documented  a  significant 
reduction  in  risk  (23,  26,  27).  However,  in  the  1994  Air  Force  Health  Study  (AFHS)  mortality  update 
(36),  the  Ranch  Hand  nonflying  enlisted  personnel  were  found  to  be  at  higher  risk  for  death  associated 
with  circulatory  disease  than  the  Comparison  nonflying  enlisted  personnel.  Most  occupational  studies 
have  found  no  increased  risk  for  the  development  of  cardiovascular  disease  related  to  dioxin  exposure 
(13-16, 20).  In  two  reports  of  the  1976  Seveso,  Italy,  industrial  accident,  dioxin  exposure  was  associated 
with  statistically  significant  increases  in  mortality  because  of  coronary,  cerebrovascular,  and  hypertensive 
vascular  disease  (18,  19). 

The  latest  morbidity  follow-up  study  of  BASF  Corporation  employees  highly  exposed  to  dioxin  during  a 
chemical  reactor  incident  in  1953  has  been  published  (21).  Almost  half  of  the  study  group  had 
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extrapolated  serum  dioxin  levels  of  more  than  1,000  parts  per  trillion  (ppt).  Across  all  exposure 
categories,  there  was  no  significant  increase  in  the  incidence  of  ischemic  heart  disease. 

A  more  recently  published  retrospective  cohort  study  examined  cardiovascular  mortality  in  1,189  German 
chemical  workers  who  had  significant  dioxin  exposure  in  the  1950s  (37).  In  this  study,  exposure  was 
verified  and  subjects  stratified  into  deciles  based  on  serum  and  adipose  tissue  dioxin  levels.  There  was  a 
slight  reduction  in  mortality  risk  at  the  two  lowest  levels  of  exposure,  but  a  clear  pattern  of  increasing  risk 
for  all-cause  cardiovascular  mortality  and,  particularly,  for  that  associated  with  ischemic  heart  disease. 
The  dose-response  trend  for  both  causes  of  mortality  was  significant  (p<0.01). 

The  well-established  roles  of  diabetes  mellitus  and  lipid  disorders  as  risk  factors  in  the  development  of 
cardiovascular  disease  have  generated  considerable  interest  in  the  potential  intermediary  role  these 
metabolic  indices  might  have  on  cardiovascular  outcomes  associated  with  dioxin  exposure.  Data  and 
results  from  this  (35,  38)  and  other  epidemiological  studies  (22,  37,  39-44)  are  considered  in  the 
Gastrointestinal  Assessment  chapter  (Chapter  13)  and  the  Endocrine  Assessment  chapter  (Chapter  16). 

Previous  AFHS  examinations  have  shown  mixed  results  with  respect  to  cardiovascular  endpoints.  In  the 
baseline  and  1987  follow-up  examinations,  manual  examination  of  the  pulses  revealed  an  increased 
prevalence  of  pulse  deficits  in  the  Ranch  Hand  cohort  relative  to  Comparisons  (45,  46),  results  noted  as 
well  in  studies  of  residents  exposed  to  dioxin  in  Times  Beach,  Missouri  (47, 48).  In  the  1985  AFHS 
follow-up  examination,  which  incorporated  Doppler  peripheral  vascular  studies  into  the  protocol,  no 
significant  group  differences  were  found  (49).  Wien  the  1987  examination  data  were  analyzed  relative  to 
serum  dioxin  levels,  Ranch  Hand  participants  in  one  high  exposure  category  had  higher  percentages  of 
peripheral  pulse  abnormalities  by  manual  examination  than  did  Comparisons  (34).  In  addition,  Ranch 
Hands  with  the  highest  current  dioxin  levels  were  at  greater  risk  for  the  development  of  systemic  arterial 
hypertension  than  were  Comparisons.  In  contrast,  there  was  a  significant  reduction  in  risk  for  the 
development  of  heart  disease  reported  historically  or  by  a  verified  medical  records  review. 

In  the  1992  follow-up  examination,  Ranch  Hands  were  more  likely  than  Comparisons  to  have  elevated 
systolic  blood  pressures,  and  through  1990,  there  was  an  increase  in  cardiovascular  disease  mortality  in 
the  nonflying  enlisted  personnel.  However,  surviving  Ranch  Hands  overall  were  found  to  be  less  at  risk 
for  the  development  of  heart  disease  over  time,  and  a  significant  inverse  dose-response  effect  was  noted 
with  respect  to  the  current  body  burden  of  dioxin  (35). 

14, 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
14.1.2.1  1982  Baseline  Study  Summary  Results 

The  1982  baseline  examination  found  no  statistically  significant  differences  between  the  Ranch  Hand  and 
Comparison  groups  in  systolic  or  diastolic  blood  pressure,  the  frequency  of  abnormal  electrocardiographs 
(ECGs),  heart  sound  abnormalities,  abnormal  funduscopic  findings,  or  carotid  bruits.  A  statistically 
significant  difference  emerged  in  the  frequency  of  abnormal  peripheral  pulses:  12.8  percent  of  the  non- 
Black  Ranch  Hands  exhibited  absent  or  diminished  peripheral  pulses,  compared  to  9.4  percent  of  the  non- 
Black  Original  Comparisons  (p=0.05).  No  statistically  significant  differences  were  found  between  the 
two  groups  in  the  occurrence  of  reported  or  verified  heart  disease  or  heart  attacks. 

Greater  than  80  percent  of  the  cardiac  conditions  reported  on  the  study  questionnaire  were  verified  by  a 
detailed  review  of  medical  records.  There  was  also  a  strong  correlation  between  the  past  medical  history 
of  cardiac  disease  and  the  baseline  examination  cardiovascular  findings,  although  the  differences  in 
peripheral  pulse  abnormalities  occurred  primarily  in  older  individuals  without  a  history  of  cardiovascular 
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disease.  Finally,  the  well-known  risk  factors  of  age,  smoking,  and  cholesterol  were  found  to  be  correlated 
with  each  other  and  with  several  of  the  cardiovascular  response  variables. 

14.1.2.2  1985  Follow-up  Study  Summary  Results 

The  analysis  of  cardiovascular  disease  history  did  not  reveal  significant  group  differences  in  reported  or 
verified  hypertension,  reported  heart  disease,  or  reported  or  verified  heart  attacks.  There  were  no  group 
differences  in  verified  heart  disease.  The  verified  cardiovascular  history  and  the  central  and  peripheral 
cardiovascular  abnormalities  detected  at  the  physical  examination  were  correlated,  supporting  accuracy 
and  validity  of  the  cardiovascular  measurements. 

In  the  analyses  of  peripheral  vascular  function,  no  significant  overall  group  differences  were  observed  for 
abnormalities  involving  radial,  femoral,  popliteal,  posterior  tibial,  dorsalis  pedis,  or  three  anatomic 
aggregates  of  these  pulses  (leg  pulses,  peripheral  pulses,  and  all  pulses),  either  by  manual  palpation  or 
Doppler  techniques.  This  overall  finding  was  in  distinct  contrast  to  the  1982  baseline  examination, 
which,  by  the  manual  palpation  method,  showed  significant  peripheral  pulse  deficits  in  Ranch  Hands. 

This  reversal  in  pulse  findings  over  the  two  examinations  may  be  attributed  to  the  rigid  4-hour  tobacco 
abstinence  applied  prior  to  Doppler  testing,  although  other  factors  may  have  been  involved. 

14. 1.2.3  1987  Follow-up  Study  Summary  Results 

The  assessment  of  the  central  cardiac  function  also  found  the  groups  to  be  similar,  although  significantly 
fewer  Ranch  Hands  than  Comparisons  had  bradycardia  and  more  Ranch  Hands  than  Comparisons  had 
arrhythmias  (marginally  significant). 

For  the  peripheral  vascular  function,  Ranch  Hands  had  a  higher  or  marginally  higher  mean  or  percent 
abnormal  for  diastolic  blood  pressure  (continuous  form),  carotid  bruits,  femoral  pulses,  and  dorsalis  pedis 
pulses  than  did  Comparisons.  No  difference  between  the  two  groups  was  detected  in  the  discrete  analysis 
of  diastolic  blood  pressure.  The  percentage  of  radial  pulse  abnormalities  was  marginally  higher  in 
Comparisons  than  in  Ranch  Hands.  On  the  three  pulse  indices  (leg,  peripheral,  and  all  pulses),  Ranch 
Hands  had  marginally  or  significantly  higher  percentages  of  abnormalities  than  did  Comparisons. 


14. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

The  cardiovascular  evaluation  found  a  marginally  significant  association  between  initial  dioxin  and  a 
decrease  in  the  reported  history  of  heart  disease,  and  a  significant  negative  association  with  verified 
history  of  heart  disease.  In  addition,  the  analyses  of  categorized  current  dioxin  also  indicated  a  decrease 
in  verified  history  of  heart  disease  for  Ranch  Hands  with  the  highest  current  dioxin  levels  relative  to 
Comparisons  with  background  levels.  These  Ranch  Hands  also  had  more  essential  hypertension  by 
history  (after  removing  the  variables  body  fat  and  cholesterol  from  the  model). 

The  analyses  of  the  peripheral  vascular  function  variables  displayed  significantly  higher  mean  levels  of 
diastolic  blood  pressure  for  Ranch  Hands  in  the  low  and  high  categories  than  Comparisons  (without 
adjustment  for  body  fat).  Similar  to  the  analysis  of  systolic  blood  pressure,  the  discretized  analysis  of 
diastolic  blood  pressure  did  not  display  a  significant  association  with  dioxin  within  the  low  and  high 
current  dioxin  categories.  Ranch  Hands  generally  exhibited  a  significant  or  marginally  significant  higher 
risk  of  absent  femoral,  dorsalis  pedis,  and  posterior  tibial  pulses  relative  to  Comparisons.  These 
observations  could  represent  a  subclinical  effect  and  emphasize  the  importance  of  continued  follow-up 
and  evaluation. 
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14.1.2.5  1 992  Follow-up  Study  Summary  Results 

The  cardiovascular  evaluation  found  a  marginally  significant  group  difference  for  verified  heart  disease, 
excluding  essential  hypertension  for  enlisted  flyers  with  Ranch  Hands  having  a  greater  history  of  heart 
disease  than  Comparisons.  Similar  to  the  1987  study,  verified  heart  disease  decreased  significantly  for 
increasing  levels  of  current  dioxin.  Ranch  Hands  also  displayed  an  increased  history  of  essential 
hypertension  for  increasing  levels  of  current  dioxin. 

A  few  other  central  cardiac  function  endpoints,  including  non-specific  ST-  and  T-wave  changes,  right 
bundle  branch  block,  and  prior  ECG  evidence  of  myocardial  infarction,  displayed  significant  positive 
associations  with  current  dioxin;  none  of  these  endpoints  also  displayed  any  group  difference  between 
Ranch  Hands  and  Comparisons.  These  findings,  in  conjunction  with  the  increase  in  the  number  of  deaths 
caused  by  diseases  of  the  circulatory  system  for  Ranch  Hand  nonflying  enlisted  personnel  based  on  the 
1994  AFHS  mortality  update  (34),  showed  potential  associations  with  dioxin  requiring  further 
observation. 

The  analyses  of  the  peripheral  vascular  function  variables  displayed  significant  group  differences  for  the 
enlisted  groundcrew  stratum  for  a  few  of  the  pulse  endpoints  and  significant  differences  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons.  None  of  these  associations  was  reinforced  by  a 
significant  association  with  initial  or  current  dioxin.  Longitudinal  analyses  of  the  pulse  endpoints  also 
indicated  that  Ranch  Hands  in  the  enlisted  groundcrew  stratum  and  in  the  high  initial  dioxin  category  had 
a  greater  prevalence  of  pulse  deficits  since  the  1985  follow-up  examination  than  Comparisons.  Again, 
these  associations  were  not  reinforced  by  a  significant  dose-response  effect  with  initial  dioxin. 

In  general,  after  reviewing  the  results  of  the  cardiovascular  assessment  as  a  whole,  the  development  of 
cardiovascular  disease  did  not  appear  to  be  associated  positively  with  dioxin.  Dioxin  associations  with 
selected  endpoints,  as  discussed  above,  together  with  mortality  results,  pointed  to  the  need  for  further 
evaluation. 

14. 1 .3  Parameters  for  the  1997  Cardiovascular  Assessment 

14. 1.3.1  Dependent  Variables 

The  analysis  of  the  cardiovascular  assessment  was  based  on  data  collected  from  the  1997  questionnaire 
and  physical  examination  and  subsequent  medical  records  verification.  No  laboratory  examination  data 
were  analyzed  as  cardiovascular  dependent  variables,  although  data  from  the  laboratory  examination  were 
used  as  covariates. 

14.1.3.1.1  Medical  Records  Data 

During  the  baseline,  1985,  1987,  and  1992  AFHS  examination  health  interviews,  each  participant  was 
asked  whether  he  had  a  heart  condition.  Medical  records  were  sought  to  verify  all  reported  conditions  and 
to  determine  the  time  of  occurrence  of  major  cardiac  events.  In  addition,  the  self-reported  review-of- 
systems  recorded  the  overall  history  of  heart  trouble  and  other  serious  illnesses.  Data  collected  in  a 
similar  fashion  at  the  1997  follow-up  was  verified  and  combined  with  data  from  the  four  previous 
examinations  to  create  a  lifetime  history  for  four  conditions:  essential  hypertension,  heart  disease 
(excluding  essential  hypertension),  myocardial  infarction,  and  stroke  or  transient  ischemic  attack.  Each  of 
these  conditions  was  classified  as  “yes”  or  “no”  and  analyzed. 

International  Classification  of  Diseases,  9th  Revision,  Clinical  Modification  (ICD-9-CM)  codes  were  used 
to  construct  the  four  conditions  described  above.  The  following  ICD-9-CM  codes  were  used:  essential 
hypertension  (ICD-9-CM  codes  401.0-401.9),  heart  disease  (excluding  essential  hypertension) 
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(ICD-9-CM  codes  391.0-391.9,  392.0,  393.0-398.99, 402.0-402.91,  404.0-404.9, 410.0-417.9,  and  420.0- 
429.9),  myocardial  infarction  (ICD-9-CM  codes  410.0-410.9,  and  412),  and  stroke  or  transient  ischemic 
attack  (ICD-9-CM  codes  435.0-436). 

Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  from  all  analyses.  A  pre-SEA  heart 
condition  included  pre-SEA  myocardial  infarction,  but  did  not  include  pre-SEA  essential  hypertension. 
Participants  with  a  verified  pre-SEA  history  of  essential  hypertension  also  were  excluded  from  the 
analysis  of  verified  history  of  essential  hypertension. 

14.1.3.1.2  Physical  Examination  Data  and  Self-reported  Questionnaire  Data 

Cardiovascular  data  analyzed  from  the  1997  physical  examination  were  divided  into  two  main  categories: 
central  cardiac  function  and  peripheral  vascular  function. 

14.1.3.1.2.1  Central  Cardiac  Function 

The  assessment  of  the  central  cardiac  function  at  the  cardiovascular  examination  was  made  by 
measurements  of  systolic  blood  pressure,  diastolic  blood  pressure,  heart  sounds  (by  auscultation),  and  an 
ECG.  Systolic  and  diastolic  blood  pressure  were  determined  by  a  Critikon  Dinamap  1846SXP® 
automated  electronic  monitor  with  the  nondominant  arm  placed  at  heart  level;  the  lowest  diastolic 
pressure  and  the  corresponding  systolic  pressure  were  recorded.  Detection  of  abnormal  heart  sounds  was 
conducted  by  standard  auscultation  with  the  participant  placed  in  sitting,  supine,  and  left  lateral  supine 
positions.  Fourth  heart  sounds  were  assessed;  murmurs  were  graded  in  intensity  and  location  and  were 
judged  by  the  examiners  to  be  functional  (normal)  or  organic  (abnormal)  in  nature.  The  standard  12-lead 
ECG  was  performed,  and  an  additional  strip  in  limb  lead  II  was  produced  if  any  arrhythmia  was  found. 
Participants  were  asked  to  abstain  from  tobacco  for  at  least  4  hours  prior  to  the  ECG  because  of  the 
arterial  constrictive  effect  of  nicotine.  The  following  items  were  considered  to  be  abnormal:  right  bundle 
branch  block,  left  bundle  branch  block,  nonspecific  ST-  and  T-wave  changes,  bradycardia  (a  resting  pulse 
rate  less  than  50  beats  per  minute),  tachycardia  (a  resting  pulse  rate  greater  than  100  beats  per  minute), 
arrhythmia  (any  irregularity  of  heart  rhythm  including  premature  beats  but  excluding  normal  sinus 
rhythm),  evidence  of  a  prior  myocardial  infarction,  and  other  diagnoses  (e.g.,  ventricular  aneurysm, 
Wolff-Parkinson- White  syndrome).  Some  arrhythmias  (e.g.,  atrial  flutter,  atrial  fibrillation,  and 
junctional  rhythm)  required  more  evaluation  and  surveillance  than  others,  but  all  were  grouped  together 
for  evaluation  in  this  study. 

Variables  analyzed  in  the  evaluation  of  the  central  cardiac  function  included  systolic  blood  pressure, 
diastolic  blood  pressure,  heart  sounds,  an  overall  ECG  assessment,  and  eight  conditions  associated  with 
the  ECG.  These  eight  conditions  were  right  bundle  branch  block,  left  bundle  branch  block,  nonspecific 
ST-  and  T-wave  changes,  bradycardia,  tachycardia,  arrhythmia,  evidence  of  a  prior  myocardial  infarction, 
and  other  diagnoses.  Both  systolic  and  diastolic  blood  pressure  were  analyzed  as  a  continuous  variable 
and  also  as  a  discrete  variable.  Systolic  blood  pressure  was  classified  as  “normal”  (<140  mm  Hg)  and 
“high”  (>140  mm  Hg),  and  diastolic  blood  pressure  was  classified  as  “normal”  (<90  mm  Hg)  and  “high” 
(>90  mm  Hg).  Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  from  all  analyses  of 
the  central  cardiac  function  variables. 

14. 1.3. 1.2.2  Peripheral  Vascular  Function 

The  peripheral  vascular  function  was  assessed  during  the  cardiovascular  examination  by  funduscopic 
examination  of  small  vessels;  presence  or  absence  of  carotid  bruits;  determination  of  the  radial,  femoral, 
popliteal,  dorsalis  pedis,  and  posterior  tibial  pulses  by  Doppler  techniques;  and  a  measure  of  intermittent 
claudication  and  vascular  insufficiency. 
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The  funduscopic  examination  was  conducted  with  undilated  pupils  in  a  standard  manner,  with  emphasis 
placed  upon  the  detection  of  increased  light  reflex,  arteriovenous  nicking  (a  sign  of  chronic  blood 
pressure  elevation),  hemorrhages,  exudates,  papilledema,  and  arteriolar  spasm.  The  presence  or  absence 
of  carotid  bruits  was  assessed  by  auscultation  over  both  carotid  arteries. 

The  Doppler  procedure  for  examining  pulses  is  a  progressive  array  of  measurements  designed  to 
determine  whether  a  pulse  abnormality  exists,  where  the  obstruction  is  most  likely  located,  and  whether  it 
has  functional  implications.  The  determination  of  a  pulse  abnormality  was  based  upon  an  analysis  of 
recorded  Doppler  waveform  morphology.  Pulsatility,  systolic  forward  flow,  diastolic  reverse  flow,  and 
diastolic  oscillations  were  examined. 

The  funduscopic  examination,  carotid  bruits,  and  the  five  pulses  also  were  dichotomized  as  “abnormal”  or 
“normal”  (or  “presence”  or  “absence”)  and  analyzed.  Pulses  were  considered  abnormal  if  no  arterial  flow 
or  a  monophasic  arterial  flow  was  present  on  either  side.  In  addition,  two  pulse  indices  were  constructed 
from  the  radial,  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial  pulse  measurements  as  follows: 

•  Leg  pulses:  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial  pulses 

•  Peripheral  pulses:  radial,  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial  pulses. 

Each  of  these  indices  was  considered  “normal”  if  all  components  were  normal  and  “abnormal”  if  one  or 
more  pulses  were  abnormal. 

In  the  1997  questionnaire,  each  participant  was  asked  the  following  questions: 

•  Do  you  get  a  pain  in  either  or  both  of  your  legs  while  walking? 

•  Does  this  pain  ever  begin  when  you  are  standing  still  or  sitting? 

•  Do  you  get  this  pain  in  either  or  both  of  your  calf  muscles? 

The  self-reported  answers  were  used  to  detect  intermittent  claudication  and  vascular  insufficiency  (yes, 
no),  which  indicate  an  insufficient  oxygen  supply  to  the  leg  muscles.  A  participant  was  judged  to  have 
intermittent  claudication  and  vascular  insufficiency  if  he  answered  “yes”  to  the  first  and  third  questions 
and  “no”  to  the  second  question.  Participants  with  a  verified  pre-SEA  heart  condition  were  excluded 
from  all  analyses  of  the  peripheral  vascular  function  variables. 

14 . 1. 3.2  Covariates 

A  number  of  covariates  were  examined  for  inclusion  in  the  adjusted  analysis  of  the  cardiovascular 
assessment.  Many  of  these  covariates  are  considered  to  be  classical  risk  factors  for  chronic  heart  disease. 
Covariates  examined  included  age,  race,  military  occupation,  lifetime  alcohol  history,  current  alcohol  use, 
lifetime  cigarette  smoking  history,  current  level  of  cigarette  smoking,  cholesterol,  high-density  lipoprotein 
(HDL),  cholesterol-HDL  ratio,  body  fat,  personality  type,  family  history  of  heart  disease,  family  history 
of  heart  disease  before  the  age  of  45,  diabetic  class,  and  current  use  of  blood  pressure  medication  (for  the 
blood  pressure  variables). 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Lifetime  alcohol  history  was 
based  on  information  from  the  1997  questionnaire  and  combined  with  similar  information  gathered  at  the 
1987  and  1992  follow-up  examinations.  Each  participant  was  asked  about  his  drinking  patterns 
throughout  his  lifetime.  When  a  participant’s  drinking  patterns  changed,  he  was  asked  to  describe  how 
his  alcohol  consumption  differed  and  the  duration  of  time  that  the  drinking  pattern  lasted.  The 
participant’s  average  daily  alcohol  consumption  was  determined  for  each  of  the  reported  drinking  pattern 
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periods  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of  drink-years  was 
derived.  One  drink-year  was  the  equivalent  of  drinking  1.5  ounces  of  an  80-proof  alcoholic  beverage,  one 
12-ounce  beer,  or  one  5-ounce  glass  of  wine  per  day  for  1  year. 

Current  cigarette  smoking  and  lifetime  cigarette  smoking  history  were  based  on  questionnaire  data.  For 
lifetime  cigarette  smoking  history,  the  respondent’ s  average  smoking  was  estimated  over  his  lifetime 
based  on  his  responses  to  the  1997  questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes 
smoked  during  a  single  year. 

Cholesterol,  HDL,  and  the  cholesterol-HDL  ratio  were  based  on  1997  laboratory  measurements.  Body  fat 
was  calculated  from  a  metric  body  mass  index  (50);  the  formula  is 

Body  Fat  (in  percent )  =  height  (kg)  #  1.264  -13.305. 

[Height  (m)f 

Personality  type  was  determined  from  the  Jenkins  Activity  Survey  administered  during  the  1997  follow¬ 
up  examination  and  was  derived  from  a  discriminant-function  equation  based  on  questions  that  best 
discriminate  men  judged  to  be  type  A  from  those  judged  to  be  type  B  (5 1).  Positive  scores  reflected  the 
type  A  direction  and  negative  scores  reflected  the  type  B  direction.  Personality  type  was  dichotomized  as 
type  A  or  type  B. 

Family  history  of  heart  disease  was  defined  as  “yes”  if  the  participant’s  mother,  father,  sister(s),  or 
brother(s)  had  heart  trouble  or  heart  disease  and  “no”  otherwise.  Family  history  of  heart  disease  before 
the  age  of  45  was  defined  as  “yes”  if  the  participant’s  mother,  father,  sister(s),  or  brother(s)  had  heart 
trouble  or  heart  disease  before  the  age  of  45  and  “no”  otherwise.  Blood  pressure  medication  (yes,  no)  was 
used  as  a  covariate  for  the  adjusted  analysis  of  the  systolic  and  diastolic  blood  pressure  variables  only. 

Diabetic  class  was  used  as  a  covariate  in  the  analysis  of  the  1997  follow-up.  Diabetes  is  a  known  risk 
factor  for  cardiovascular  disease.  In  the  1997  questionnaire,  a  general  screening  question  on  diabetes  was 
posed.  Each  participant  was  asked  during  the  in-person  health  interview  the  following  question:  “Since 
the  date  of  the  last  interview,  has  a  doctor  told  you  for  the  first  time  that  you  had  diabetes?”  All 
affirmative  responses  were  verified  by  a  medical  records  review  and  added  to  previously  reported  and 
verified  information  on  diabetes  from  the  1982  baseline  and  the  1985,  1987,  and  1992  follow-up 
examinations  for  each  participant.  Participants  with  a  verified  history  of  diabetes  were  combined  with 
those  participants  with  a  2-hour  postprandial  glucose  level  of  200  mg/dl  or  greater  at  the  1997  physical 
examination  and  classified  as  “diabetic”  for  the  diabetic  class  covariate.  Those  participants  without  a 
verified  history  of  diabetes  and  with  a  2-hour  postprandial  glucose  level  of  less  than  200  mg/dl  at  the 
1997  physical  examination  were  classified  as  either  “impaired”  (140  mg/dl  <  2-hour  postprandial  glucose 
<  200  mg/dl)  or  “normal”  (2-hour  postprandial  glucose  <  140  mg/dl). 

The  current  use  of  blood  pressure  medication  was  used  as  a  covariate  for  the  adjusted  analysis  of  systolic 
and  diastolic  blood  pressures.  This  information  was  reported  by  the  participant  on  a  self-reported  form 
that  listed  physicians  and  medications,  and  through  a  question  in  the  in-person  interview. 

The  following  dependent  variables — essential  hypertension,  heart  disease  excluding  essential 
hypertension,  myocardial  infarction,  and  stroke  or  transient  ischemic  attack — capture  a  history  of  a 
cardiovascular  condition  rather  than  the  current  state  of  a  participant’s  life  at  the  time  of  the  physical 
examination.  Consequently,  to  reflect  the  historical  nature  of  these  dependent  variables,  lifetime  alcohol 
history  and  lifetime  cigarette  smoking  history  were  used  as  covariates,  but  current  alcohol  use  and  current 
cigarette  smoking  were  not.  Lifetime  alcohol  history  and  lifetime  cigarette  smoking  history  reflect  the 
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cumulative  lifetime  effects  of  alcohol  use  and  tobacco,  respectively,  whereas  current  alcohol  use  and 
current  cigarette  smoking  emphasize  the  short  period  of  time  near  the  date  of  the  physical  examination. 

14.1.4  Statistical  Methods 

Table  14-1  summarizes  the  statistical  analysis  performed  for  the  cardiovascular  assessment.  The  first  part 
of  this  table  describes  the  dependent  variables  and  identifies  the  covariates  and  the  statistical  methods. 

The  second  part  of  this  table  further  describes  the  covariates.  A  covariate  was  used  in  its  continuous  form 
whenever  possible  for  all  adjusted  analyses.  If  a  covariate  was  inherently  discrete  (e.g.,  military 
occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of  association  with  the  dependent 
variables,  the  covariate  was  categorized  as  shown  in  Table  14-1. 

Table  14-2  provides  a  summary  of  the  number  of  participants  with  missing  dependent  variable  or 
covariate  data.  In  addition,  the  number  of  participants  excluded  from  analysis  is  given. 


Table  14-1.  Statistical  Analysis  for  the  Cardiovascular  Assessment 


Dependent  Variables 


Variable  (Units) 

|  Data 

./Form 

Jiff  Outpoints  ;i§I| 

Covariates® 

Exclusions1* 

|  >  v  and  Methods  f  & 

Essential  Hypertension 

MR-V 

D 

Yes 

(1) 

(a) 

U:LR 

No 

A:LR 

Heart  Disease  (Excluding 

MR-V 

D 

Yes 

(1) 

(b) 

U:LR 

Essential  Hypertension) 

No 

A:LR 

Myocardial  Infarction 

MR-V 

D 

Yes 

(1) 

(b) 

U:LR 

No 

A:LR 

Stroke  or  Transient  Ischemic 

MR-V 

D 

Yes 

(1) 

(b) 

U:LR,CS 

Attack 

No 

A:LR 

Systolic  Blood  Pressure 

PE 

D/C 

High:  >140 

(2) 

(b) 

U:LR,GLM 

(mm  Hg) 

Normal:  <140 

A:LR,GLM 

L:LR,GLM 

Diastolic  Blood  Pressure 

PE 

D/C 

High:  >90 

(2) 

(b) 

U:LR,GLM 

(mm  Hg) 

Normal:  <90 

A:LR,GLM 

Heart  Sounds 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

Overall  Electrocardiograph 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

(ECG) 

Normal 

A:LR 

ECG:  Right  Bundle  Branch 

PE 

D 

Yes 

(3) 

(b) 

U:LR 

Block 

No 

A:LR 

ECG:  Left  Bundle  Branch 

PE 

D 

Yes 

(3) 

(b) 

U:LR,CS 

Block 

No 

A:LR 

ECG:  Non-specific  ST-and 

PE 

D 

Yes 

(3) 

(b) 

U:LR 

T-Wave  Changes 

No 

A:LR 

ECG:  Bradycardia 

PE 

D 

Yes 

(3) 

(b) 

U:LR 

No 

A:LR 

ECG:  Tachycardia 

PE 

D 

Yes 

(3) 

(b) 

U:LR,CS 

No 

A:LR 
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Table  14-1.  Statistical  Analysis  for  the  Cardiovascular  Assessment  (Continued) 


Variable  (Units) 

Source 

Data 

Form 

|§  Outpoints 

Covariates8 

Exclusions1* 

Statistical  Analysis 
| '  | and  Methods  §  i 

ECG:  Arrhythmia 

PE 

D 

Yes 

(3) 

(b) 

U:LR 

No 

A:LR 

ECG:  Evidence  of  Prior 

PE 

D 

Yes 

(3) 

(b) 

U:LR 

Myocardial  Infarction 

No 

A:LR 

ECG:  Other  Diagnoses 

PE 

D 

Yes 

(3) 

(b) 

U:LR,CS 

No 

A:LR 

Funduscopic  Examination 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

Carotid  Bruits 

PE 

D 

Present 

(3) 

(b) 

U:LR 

Absent 

A:LR 

Radial  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

Femoral  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Popliteal  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Dorsalis  Pedis  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Posterior  Tibial  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Leg  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Peripheral  Pulses 

PE 

D 

Abnormal 

(3) 

(b) 

U:LR 

Normal 

A:LR 

L:LR 

Intermittent  Claudication  and 

Q-SR 

D 

Abnormal 

(3) 

(b) 

U:LR 

Vascular  Insufficiency  (ICVI) 

Normal 

A:LR 

Index 

aCo  variates: 

(1) :  age,  race,  military  occupation,  lifetime  cigarette  smoking  history,  lifetime  alcohol  history,  cholesterol,  HDL, 
cholesterol-HDL  ratio,  diabetic  class,  body  fat,  personality  type,  family  history  of  heart  disease,  family  history  of 
heart  disease  before  age  45. 

(2) :  age,  race,  military  occupation,  lifetime  cigarette  smoking  history,  current  cigarette  smoking,  lifetime  alcohol 
history,  current  alcohol  use,  cholesterol,  HDL,  cholesterol-HDL  ratio,  diabetic  class,  body  fat,  personality  type, 
family  history  of  heart  disease,  family  history  of  heart  disease  before  age  45,  taking  blood  pressure  medication. 

(3) :  age,  race,  military  occupation,  lifetime  cigarette  smoking  history,  current  cigarette  smoking,  lifetime  alcohol 
history,  current  alcohol  use,  cholesterol,  HDL,  cholesterol-HDL  ratio,  diabetic  class,  body  fat,  personality  type, 
family  history  of  heart  disease,  family  history  of  heart  disease  before  age  45. 

bExclusions: 

(a) :  participants  with  a  pre-SEA  heart  condition,  participants  with  pre-SEA  essential  hypertension. 

(b) :  participants  with  a  pre-SEA  heart  condition. 
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Table  14-1.  Statistical  Analysis  for  the  Cardiovascular  Assessment  (Continued) 


Covariates 


Variable  (Units) 

Data  Source 

Data  Form 

Outpoints 

Age  (years) 

MIL 

D/C 

Born  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Lifetime  Alcohol  History  (drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Current  Alcohol  Use  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 

Lifetime  Cigarette  Smoking  History  (pack-years) 

Q-SR 

D/C 

0 

>0-10 

>10 

Current  Cigarette  Smoking  (cigarettes/day) 

Q-SR 

D/C 

0-Never 

0-Former 

>0-20 

>20 

Cholesterol  (mg/dl) 

LAB 

D/C 

<200 

>200-239 

>239 

High  Density  Lipoprotein  (mg/dl) 

LAB 

D/C 

0-35 

>35 

Cholesterol-HDL  Ratio 

LAB 

D/C 

0-5 

>5 

Body  Fat  (percent) 

PE 

D/C 

Obese:  >25% 

Lean  or  Normal:  <25% 

Personality  Type 

PE 

D 

A  direction 

B  direction 

Family  History  of  Heart  Disease 

Q-SR 

D 

Yes 

No 

Family  History  of  Heart  Disease  Before  Age  45 

Q-SR 

D 

Yes 

No 

Diabetic  Class 

LAB/MR-V 

D 

•  Diabetic:  past  history  or  >200 
mg/dl  2-hr.  postprandial  glucose 

•  Impaired:  140-<200  mg/dl  2-hr. 
postprandial  glucose 

•  Normal:  <140  mg/dl  2-hr. 

postprandial  glucose 

Taking  Blood  Pressure  Medication 

Q-SR/MR-V 

D 

Yes 

- 

No 
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Table  14-1.  Statistical  Analysis  for  the  Cardiovascular  Assessment  (Continued) 
Abbreviations 


Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 
MR-V:  Medical  records  (verified) 

PE:  1997  physical  examination 

Q-SR:  Health  questionnaires  (self-reported) 

Data  Form:  D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 


Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 


Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 
GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 


Table  14-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Cardiovascular 
Assessment 


Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

?^;LL'-/Variable  ' 

Variable 

Use 

Ranch 

Hand 

Comparison 

Initial 

1987 

Ranch 

Hand 

Comparison 

Funduscopic  Examination 

DEP 

1 

1 

0 

1 

1 

1 

Femoral  Pulses 

DEP 

0 

1 

0 

0 

0 

1 

Popliteal  Pulses 

DEP 

0 

2 

0 

0 

0 

2 

Dorsalis  Pedis  Pulses 

DEP 

0 

2 

0 

0 

0 

2 

Posterior  Tibial  Pulses 

DEP 

0 

4 

0 

0 

0 

4 

Leg  Pulses 

DEP 

0 

4 

0 

0 

0 

4 

Peripheral  Pulses 

DEP 

0 

4 

0 

0 

0 

4 

Intermittent  Claudication  and 
Insufficiency  Index 

DEP 

1 

0 

0 

1 

1 

0 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Current  Alcohol  Use 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette  Smoking 
History 

COV 

2 

1 

1 

2 

2 

1 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

HDL  Cholesterol 

COV 

1 

1 

1 

1 

1 

1 

Cholesterol-HDL  Ratio 

COV 

1 

1 

1 

1 

1 

1 

Personality  Type 

COV 

3 

0 

1 

3 

3 

0 

Family  History  of  Heart 

Disease 

COV 

10 

6 

5 

10 

10 

6 

Family  History  of  Heart 

Disease  Before  Age  45 

COV 

22 

22 

11 

22 

22 

21 

Diabetic  Class 

EXC 

9 

18 

5 

7 

7 

17 
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Table  14-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Cardiovascular 
Assessment  (Continued) 


'  i5  r  El?  i'i  S 

Variable 

Use 

Group 

Dioxin  |  1 1 1 
(Ranch  Hands  Only) 

Categorized  Dioxin 

iRarn&i 

Hand 

Comparison 

Initial 

1987 

Ranch 

Hand 

Comparison 

Pre-SEA  Heart  Condition 

EXC 

11 

19 

6 

11 

11 

18 

Pre-SEA  Essential 

EXC 

11 

14 

7 

11 

11 

14 

Hypertension 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


14. 1.4.1  Longitudinal  Analysis 

The  cardiovascular  longitudinal  analysis  was  based  on  the  association  of  exposure  with  changes  in 
systolic  blood  pressure  between  the  1982  and  1997  examinations  and  six  pulse  measurements  between  the 
1985  and  1997  examinations.  The  longitudinal  analysis  for  systolic  blood  pressure  was  based  on  this 
variable  in  both  the  continuous  and  discrete  forms.  The  six  pulse  measurements  included  femoral  pulses, 
popliteal  pulses,  dorsalis  pedis  pulses,  posterior  tibial  pulses,  leg  pulses,  and  peripheral  pulses.  The  1985 
and  1997  measurements  were  used  for  the  pulse  assessments  because  the  Doppler  assessment  of  pulses 
was  conducted  at  these  two  examinations  and  was  not  conducted  at  the  1982  baseline  examination. 


14.2  RESULTS 

14.2. 1  Dependent  Variable-Co variate  Associations 

The  associations  between  the  dependent  variables  examined  in  the  cardiovascular  assessment  and  the 
covariates  used  in  the  adjusted  analysis  were  investigated;  the  results  are  presented  in  Appendix  F,  Table 
F-6.  These  associations  are  pairwise  between  the  dependent  variable  and  the  covariate  and  are  not 
adjusted  for  any  other  co variates.  Participants  with  a  pre-SEA  heart  condition  were  excluded  from  all 
analyses.  In  addition,  participants  with  pre-SEA  essential  hypertension  were  excluded  from  the  analysis 
of  essential  hypertension. 

Tests  of  covariate  association  showed  age  (p=0.001),  lifetime  alcohol  history  (p=0.001),  cholesterol-HDL 
ratio  (p=0.005),  body  fat  (p=0.001),  personality  type  (p=0.039),  family  history  of  heart  disease  (p=0.001), 
family  history  of  heart  disease  before  age  45  (p=0.003),  and  diabetic  class  (p~0.001)  to  be  significantly 
associated  with  essential  hypertension.  Older  participants  had  more  essential  hypertension  than  did 
younger  participants  (48.0%  versus  32.9%).  Essential  hypertension  was  highest  for  the  heaviest  drinkers 
(in  terms  of  drink-years)  (48.2%),  followed  by  participants  who  did  not  drink  (39.0%),  then  moderate 
drinkers  (38.5%).  Essential  hypertension  increased  with  the  cholesterol-HDL  ratio  and  body  fat. 
Participants  with  personality  type  B  had  a  higher  percentage  of  essential  hypertension  than  did  type  A 
participants  (43.0%  versus  38.4%).  Essential  hypertension  occurred  more  often  for  participants  who  had 
a  family  history  of  heart  disease  and  for  participants  who  had  a  family  history  of  heart  disease  before  age 
45.  Essential  hypertension  was  greatest  for  diabetics  (59.4%),  followed  by  participants  in  the  impaired 
diabetic  class  (52.4%),  then  participants  classified  as  normal  (34.6%). 
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Heart  disease  (excluding  essential  hypertension)  was  significantly  associated  with  age  (p=0.001), 
occupation  (p=0.001),  cholesterol  (p=0.001),  family  history  of  heart  disease  (p=0.001),  family  history  of 
heart  disease  before  age  45  (p=0.018),  and  diabetic  class  (p=0.009).  Heart  disease  increased  with  age  and 
decreased  with  cholesterol  level.  Officers  had  the  highest  percentage  of  heart  disease  (68.7%),  followed 
by  enlisted  flyers  (66.6%),  then  enlisted  groundcrew  (56.7%).  Participants  with  a  family  history  of  heart 
disease  had  more  heart  disease  (66.6%  versus  57.4%).  Likewise,  participants  with  a  family  history  of 
heart  disease  before  age  45  had  more  heart  disease  (69.9%  versus  62.0%).  Diabetic  participants  had  the 
most  heart  disease  (69.5%),  followed  by  participants  in  the  impaired  diabetic  class  (64.1%),  then 
participants  classified  as  normal  (60.8%). 

The  percentage  of  participants  with  a  history  of  a  myocardial  infarction  increased  significantly  with  age 
(p=0.001)  and  lifetime  cigarette  smoking  history  (p=0.001),  while  decreasing  significantly  with 
cholesterol  (p=0.001)  and  HDL  cholesterol  (p=0.012).  The  association  with  diabetic  class  was  also 
significant  (p=0.001).  Participants  in  the  normal  diabetic  class  had  the  lowest  percentage  of  participants 
with  a  myocardial  infarction  (6.8%),  followed  by  participants  in  the  impaired  diabetic  class  (9.9%),  then 
diabetics  (14.2%). 

Systolic  blood  pressure  in  its  continuous  form  increased  with  age  (p<0.001),  lifetime  alcohol  history 
(p<0.001),  lifetime  cigarette  smoking  history  (p=0.045),  cholesterol  (p=0.012),  the  cholesterol-HDL  ratio 
(p=0.005),  and  body  fat  (p<0.001).  Systolic  blood  pressure  decreased  significantly  with  current  cigarette 
smoking  (p=0.004).  Tests  of  covariate  associations  also  showed  significant  relations  with  occupation 
(p=0.005),  diabetic  class  (p<0.001),  and  blood  pressure  medication  (p<0.001).  Enlisted  flyers  had  the 
highest  mean  systolic  blood  pressure  levels  (127.1  mm  Hg),  followed  by  officers  (126.1  mm  Hg),  then 
enlisted  groundcrew  (123.9  mm  Hg).  Participants  in  the  normal  diabetic  class  had  the  lowest  mean 
systolic  blood  pressure  levels  (123.0  mm  Hg),  followed  by  participants  in  the  impaired  diabetic  class 
(129.3  mm  Hg),  then  diabetic  participants  (131.8  mm  Hg).  Participants  taking  blood  pressure  medication 
had  a  higher  mean  systolic  blood  pressure  level  (128.6  mm  Hg)  than  those  not  taking  blood  pressure 
medication  (123.9  mm  Hg). 

Systolic  blood  pressure  in  its  dichotomous  form  increased  with  age  (p=0.001),  cholesterol  (p=0.025),  the 
cholesterol-HDL  ratio  (p=0.028),  and  body  fat  (p=0.001).  Significant  associations  also  were  seen 
between  systolic  blood  pressure  and  occupation  (p=0.029),  family  history  of  heart  disease  (p=0.008), 
diabetic  class  (p=0.001),  and  blood  pressure  medication  (p=0.001).  Enlisted  flyers  had  the  greatest 
percentage  of  high  systolic  blood  pressure  values  (23.6%),  followed  by  officers  (23.2%),  then  enlisted 
groundcrew  (18.6%).  Participants  with  a  family  history  of  heart  disease  had  a  greater  prevalence  of  high 
systolic  blood  pressure  values  than  did  participants  with  no  history  of  heart  disease  (23.3%  versus 
18.3%).  Diabetic  participants  had  the  largest  percentage  of  high  systolic  blood  pressure  values  (31.9%), 
followed  by  participants  in  the  impaired  diabetic  class  (28.6%),  then  participants  classified  as  normal 
(17.1%).  Participants  taking  blood  pressure  medication  had  a  greater  prevalence  of  high  systolic  blood 
pressure  values  than  participants  not  taking  blood  pressure  medication  (27.6%  versus  18.5%). 

Diastolic  blood  pressure  in  its  continuous  form  decreased  with  age  (p=0.009),  lifetime  cigarette  smoking 
history  (p=0.003),  and  current  cigarette  smoking  (p=0.001).  Diastolic  blood  pressure  increased  with 
cholesterol  (p<0.001),  the  cholesterol-HDL  ratio  (p=0.004),  and  body  fat  (p<0.001).  Race  and  diabetic 
class  were  also  significantly  associated  with  diastolic  blood  pressure  (p=0.010  and  p=0.030,  respectively). 
Black  participants  had  a  higher  mean  diastolic  blood  pressure  than  non-Black  participants  (76.69  mm  Hg 
versus  74.46  mm  Hg).  Participants  in  the  impaired  diabetic  class  had  the  highest  mean  diastolic  blood 
pressure  (75.94  mm  Hg),  followed  by  diabetic  participants  (74.41  mm  Hg),  then  participants  classified  as 
normal  (74.32  mm  Hg). 


14-13 


Tests  of  covariate  association  for  diastolic  blood  pressure  in  its  discrete  form  showed  significant  relations 
with  lifetime  cigarette  smoking  history  (p=0.003)  and  blood  pressure  medication  (p=0.004).  Moderate 
lifetime  cigarette  smokers  (in  terms  of  pack-years)  had  the  greatest  percentage  of  high  diastolic  blood 
pressure  values  (7.8%),  followed  by  participants  who  never  smoked  and  participants  who  were  the 
heaviest  smokers  (4.1%  each).  Participants  taking  blood  pressure  medication  had  a  greater  prevalence  of 
high  diastolic  blood  pressure  values  than  did  participants  not  taking  blood  pressure  medication  (7.3% 
versus  4.1%). 

The  percentage  of  participants  with  abnormal  heart  sounds  increased  with  age  (p=0.001).  Current 
cigarette  smoking  was  also  significantly  associated  with  heart  sounds  (p=0.030).  Former  smokers  had  the 
highest  prevalence  of  abnormal  heart  sounds  (5.7%),  followed  by  participants  who  smoked  up  to  20 
cigarettes  per  day  (3.4%),  participants  who  smoked  more  than  20  cigarettes  per  day  (2.9%),  and 
participants  who  never  smoked  (2.9%). 

The  prevalence  of  abnormal  overall  ECG  results  increased  with  age  (p=0.001)  and  body  fat  (p=0.008), 
while  decreasing  with  cholesterol  (p=0.041).  Also  significant  were  occupation  (p=0.001),  lifetime 
cigarette  smoking  history  (p=0.002),  current  cigarette  smoking  (p=0.028),  personality  type  (p=0.01 1), 
family  history  of  heart  disease  (p=0.001),  and  diabetic  class  (p=0.001).  Enlisted  flyers  had  the  highest 
percentage  of  abnormal  overall  ECG  results  (36.4%),  followed  by  officers  (34.6%),  then  enlisted 
groundcrew  (26.3%).  Heavy  lifetime  cigarette  smokers  (in  terms  of  pack-years)  had  the  highest 
percentage  of  abnormal  overall  ECG  results  (35.0%),  followed  by  participants  who  never  smoked 
(28.3%),  then  moderate  lifetime  cigarette  smokers  (27.6%).  Participants  who  currently  smoked  up  to  20 
cigarettes  per  day  had  the  highest  percentage  of  abnormal  overall  ECG  results  (35.0%),  followed  by 
former  smokers  (32.8%),  participants  who  never  smoked  (28.3%),  and  participants  who  smoked  more 
than  20  cigarettes  per  day  (23.5%).  Participants  with  type  B  personalities  had  a  higher  percentage  of 
abnormal  overall  ECG  results  (33.2%)  than  did  participants  with  type  A  personalities  (27.8%). 
Participants  with  a  family  history  of  heart  disease  had  a  higher  prevalence  of  abnormal  overall  ECG 
results  than  did  participants  with  no  family  history  of  heart  disease  (35.3%  versus  24.6%).  Diabetic 
participants  had  the  highest  percentage  of  abnormal  overall  ECG  results  (46.7%),  followed  by  participants 
in  the  impaired  diabetic  class  (37.0%),  then  participants  classified  as  normal  (26.4%). 

The  prevalence  of  right  bundle  branch  block  increased  significantly  with  age  (p=0.001).  Also 
significantly  associated  with  right  bundle  branch  block  were  occupation  (p=0.040),  lifetime  cigarette 
smoking  history  (p=0.048),  and  diabetic  class  (p=0.001).  Enlisted  flyers  had  the  highest  prevalence  of 
right  bundle  branch  block  (4.5%),  followed  by  officers  (2.6%),  then  enlisted  groundcrew  (1.9%).  Heavy 
lifetime  cigarette  smokers  had  the  highest  prevalence  of  right  bundle  branch  block  (3.5%),  followed  by 
nonsmokers  (2.2%),  then  moderate  lifetime  smokers  (1.5%).  Diabetic  participants  had  the  highest 
percentage  of  right  bundle  branch  block  (5.4%),  followed  by  participants  in  the  impaired  diabetic  class 
(2.6%),  then  participants  classified  as  normal  (1.9%). 

The  percentage  of  non-specific  ST-  and  T-wave  changes  increased  with  age  (p=0.001)  and  body  fat 
(p=0.001),  while  decreasing  with  lifetime  alcohol  use  (p=0.024).  Family  history  of  heart  disease 
(p=0.001)  and  diabetic  class  (p=0.001)  also  were  significant.  Participants  with  a  family  history  of  heart 
disease  had  a  higher  percentage  of  non-specific  ST-  and  T-wave  changes  than  did  participants  with  no 
history  (21.1%  versus  14.0%).  Diabetic  participants  had  the  highest  prevalence  of  non-specific  ST-  and 
T-wave  changes  (29.3%),  followed  by  participants  in  the  impaired  diabetic  class  (24.5%),  then 
participants  classified  as  normal  (14.6%). 

The  prevalence  of  bradycardia  increased  significantly  with  HDL  cholesterol  levels  (p-0.043),  while 
decreasing  with  the  cholesterol-HDL  ratio  (p=0.005)  and  body  fat  (p=0.001).  Occupation  and  diabetic 
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class  also  were  significantly  related  to  bradycardia  (p=0.001  each).  Officers  had  the  highest  prevalence  of 
bradycardia  (5.6%),  followed  by  enlisted  flyers  (3.0%),  then  enlisted  groundcrew  (1.8%).  Participants  in 
the  normal  diabetic  class  had  the  highest  prevalence  of  bradycardia  (4.5%),  followed  by  diabetic 
participants  (1.7%),  then  participants  in  the  impaired  diabetic  class  (0.4%). 

Tachycardia  was  significantly  associated  with  lifetime  alcohol  history  (p=0.029)  and  diabetic  class 
(p=0.008).  Non-drinkers  had  the  highest  prevalence  of  tachycardia  (1.7%),  followed  by  heavy  drinkers 
(0.8%),  then  moderate  lifetime  alcohol  drinkers  (0.2%).  Diabetic  participants  had  the  highest  prevalence 
of  tachycardia  (1.4%),  followed  by  participants  in  the  impaired  diabetic  class  (0.4%),  then  participants 
classified  as  normal  (0.2%). 

The  percentage  of  participants  with  arrhythmia  increased  with  age  (p=0.001). 

Evidence  of  prior  myocardial  infarction  from  the  ECG  increased  with  age  (p=0.001)  and  decreased  with 
cholesterol  levels  (p=0.007).  Lifetime  cigarette  smoking  history  (p=0.003)  and  diabetic  class  (p=0.001) 
also  were  significantly  associated  with  prior  myocardial  infarction.  Heavy  lifetime  cigarette  smokers  had 
the  highest  prevalence  of  a  prior  myocardial  infarction  (5.8%),  followed  by  nonsmokers  (2.9%),  then 
moderate  lifetime  cigarette  smokers  (2.7%).  Diabetic  participants  had  the  highest  percentage  of 
participants  with  evidence  of  a  prior  myocardial  infarction  (9.4%),  followed  by  participants  in  the 
impaired  diabetic  class  (5.1%),  then  participants  classified  as  normal  (2.8%). 

The  prevalence  of  abnormal  funduscopic  examination  results  increased  with  age  (p=0.001),  lifetime 
cigarette  smoking  history  (p=0.001),  and  body  fat  (p=0.004).  Occupation  (p=0.001),  current  cigarette 
smoking  (p=0.019),  personality  type  (p=0.001),  and  diabetic  class  (p=0.001)  were  also  significantly 
associated  with  an  abnormal  funduscopic  examination.  Enlisted  flyers  had  the  highest  percentage  of 
abnormal  funduscopic  examination  results  (18.6%),  followed  by  enlisted  groundcrew  (11.5%),  then 
officers  (11.1%).  Participants  who  never  smoked  had  the  lowest  percentage  of  abnormal  funduscopic 
exam  results  (8.9%),  followed  by  participants  who  currently  smoked  up  to  20  cigarettes  per  day  (13.5%), 
former  smokers  (14.0%),  and  participants  who  currently  smoked  more  than  20  cigarettes  per  day  (14.1%). 
Abnormal  funduscopic  examinations  were  more  prevalent  for  participants  with  personality  type  B  than 
those  with  personality  type  A  (14.4%  versus  9.2%).  Diabetic  participants  had  the  highest  percentage  of 
abnormal  funduscopic  exam  results  (20.0%),  followed  by  participants  in  the  impaired  diabetic  class 
(14.3%),  then  participants  classified  as  normal  (10.3%). 

The  percentage  of  participants  with  carotid  bruits  present  increased  with  age  (p=0.001)  and  lifetime 
cigarette  smoking  history  (p=0.003).  Current  cigarette  smoking  and  diabetic  class  also  were  significantly 
associated  with  carotid  bruits  (p=0.023  and  p=0.007,  respectively).  Participants  who  currently  smoked  up 
to  20  cigarettes  per  day  had  the  highest  percentage  of  carotid  bruits  present  (4.1%),  followed  by 
participants  who  currently  smoked  more  than  20  cigarettes  per  day  (3.7%),  former  smokers  (3.1%),  and 
participants  who  never  smoked  (1.0%).  Diabetic  participants  had  the  highest  prevalence  of  carotid  bruits 
(5.1%),  followed  by  participants  in  the  impaired  diabetic  class  (2.9%),  then  participants  classified  as 
normal  (2.1%). 

Tests  of  covariate  association  showed  race  (p=0.018),  lifetime  alcohol  history  (p=0.006),  current  alcohol 
use  (p=0.005),  and  current  cigarette  smoking  (p=0.010)  to  be  significantly  associated  with  abnormal 
radial  pulses.  The  prevalence  of  abnormal  results  increased  with  lifetime  alcohol  use.  Black  participants 
had  a  higher  percentage  of  abnormal  radial  pulses  than  non-Blacks  (2.4%  versus  0.4%).  Participants  who 
currently  were  moderate  drinkers  (in  terms  of  drinks  per  day)  had  the  highest  percentage  of  abnormal 
radial  pulses  (1.6%),  followed  by  light  drinkers  (0.3%),  then  participants  who  were  the  heaviest  drinkers 
(0.0%).  Participants  who  currently  smoked  up  to  20  cigarettes  per  day  had  the  highest  percentage  of 
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abnormal  radial  pulses  (1.9%),  followed  by  participants  who  currently  smoked  more  than  20  cigarettes 
per  day  (0.7%),  former  smokers  (0.4%),  and  participants  who  never  smoked  (0.2%). 

The  prevalence  of  abnormal  femoral  pulses  increased  with  age  (p=0.009),  lifetime  alcohol  history 
(p=0.002),  and  lifetime  cigarette  smoking  history  (p=0.002).  Also  significant  were  current  alcohol  use 
(p=0.001),  current  cigarette  smoking  (p=0.001),  and  diabetic  class  (p=0.003).  Participants  who  were 
currently  moderate  drinkers  had  the  highest  percentage  of  abnormal  femoral  pulses  (4.4%),  followed  by 
the  heaviest  drinkers  (4.0%),  then  the  light  drinkers  (1.0%).  Participants  who  currently  smoked  up  to  20 
cigarettes  per  day  had  the  highest  percentage  of  abnormal  femoral  pulses  (4.9%),  followed  by  participants 
who  currently  smoked  more  than  20  cigarettes  per  day  (4.4%),  former  smokers  (1.2%),  and  participants 
who  never  smoked  (0.3%).  Diabetic  participants  had  the  highest  percentage  of  abnormal  femoral  pulses 
(3.7%),  followed  by  participants  classified  as  normal  (1.2%),  then  participants  in  the  impaired  diabetic 
class  (1.1%). 

The  percentage  of  participants  with  abnormal  popliteal  pulses  increased  with  age  (p=0.001),  lifetime 
alcohol  history  (p=0.013),  current  alcohol  use  (p=0.002),  lifetime  cigarette  smoking  history  (p=0.001), 
and  current  cigarette  smoking  (p=0.001).  The  association  with  diabetic  class  also  was  significant 
(p=0.001).  Participants  who  were  currently  moderate  drinkers  had  the  highest  percentage  of  abnormal 
popliteal  pulses  (4.9%),  followed  by  the  heaviest  drinkers  (4.0%),  then  participants  who  were  the  lightest 
drinkers  (1.9%).  Participants  who  currently  smoked  up  to  20  cigarettes  per  day  had  the  highest 
percentage  of  abnormal  popliteal  pulses  (7.1%),  followed  by  participants  who  currently  smoked  more 
than  20  cigarettes  per  day  (5.1%),  former  smokers  (2.0%),  and  participants  who  never  smoked  (0.5%). 
Diabetic  participants  had  the  highest  percentage  of  abnormal  popliteal  pulses  (6.0%),  followed  by 
participants  in  the  impaired  diabetic  class  (1.8%),  then  participants  classified  as  normal  (1.7%). 

The  prevalence  of  abnormal  dorsalis  pedis  pulses  increased  with  age  (p=0.001),  lifetime  cigarette 
smoking  history  (p=0.001),  and  current  cigarette  smoking  (p=0.001).  Lifetime  alcohol  history  and 
diabetic  class  also  were  significant  (p=0.009  and  p=0.001,  respectively).  Heavy  lifetime  alcohol  drinkers 
had  the  highest  percentage  of  abnormal  dorsalis  pedis  pulses  (10.6%),  followed  by  non-drinkers  (8.5%), 
then  moderate  lifetime  alcohol  drinkers  (6.6%).  Diabetic  participants  had  the  highest  prevalence  of 
abnormal  dorsalis  pedis  pulses  (14.0%),  followed  by  participants  classified  as  normal  (6.7%),  then 
participants  in  the  impaired  diabetic  class  (5.5%). 

The  percentage  of  abnormal  posterior  tibial  pulses  increased  with  age  (p=0.001),  lifetime  alcohol  history 
(p=0.027),  current  alcohol  use  (p=0.003),  lifetime  cigarette  smoking  history  (p=0.001),  and  current 
cigarette  smoking  (p=0.001).  Personality  type  and  diabetic  class  also  were  significantly  associated  with 
posterior  tibial  pulses  (p=0.020  and  p=0.001,  respectively).  Participants  with  type  B  personalities  had 
more  abnormal  posterior  tibial  pulses  than  participants  with  type  A  personalities  (6.7%  versus  4.2%). 
Diabetic  participants  had  the  highest  prevalence  of  abnormal  posterior  tibial  pulses  (13.4%),  followed  by 
participants  in  the  impaired  diabetic  class  (5.5%),  then  participants  classified  as  normal  (4.1%). 

Abnormal  leg  pulses  increased  with  age  (p=0.001),  lifetime  cigarette  smoking  history  (p=0.001),  and 
current  cigarette  smoking  (p=0.001).  Occupation  (p=0.044),  lifetime  alcohol  history  (p=0.013),  and 
personality  type  (p=0.012)  also  were  associated  significantly  with  leg  pulses.  Enlisted  flyers  had  the 
highest  percentage  of  abnormal  leg  pulses  (14.2%),  followed  by  enlisted  groundcrew  (10.0%),  then 
officers  (9.3%).  Heavy  lifetime  alcohol  drinkers  had  the  highest  percentage  of  abnormal  leg  pulses 
(13.4%),  followed  by  non-drinkers  (1 1.0%),  then  moderate  lifetime  alcohol  drinkers  (9.0%).  Participants 
with  type  B  personalities  had  more  abnormal  leg  pulses  than  participants  with  type  A  personalities 
(1 1.7%  versus  8.2%).  Diabetic  participants  had  the  highest  prevalence  of  abnormal  leg  pulses  (18.8%), 
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followed  by  participants  classified  as  normal  (8.7%),  then  participants  in  the  impaired  diabetic  class 
(8.4%). 

The  prevalence  of  abnormal  peripheral  pulses  increased  with  age  (p=0.001),  lifetime  cigarette  smoking 
history  (p=0.001),  and  current  cigarette  smoking  (p=0.001),  while  decreasing  with  body  fat  (p=0.034). 
Lifetime  alcohol  history  (p=0.005),  current  alcohol  use  (p=0.036),  personality  type  (p=0.026),  and 
diabetic  class  (p=0.001)  also  were  associated  significantly  with  abnormal  peripheral  pulses.  Heavy 
lifetime  alcohol  drinkers  had  the  highest  percentage  of  abnormal  peripheral  pulses  (14.0%),  followed  by 
non-drinkers  (1 1.0%)  and  moderate  lifetime  alcohol  drinkers  (9.1%).  Participants  who  were  currently 
moderate  drinkers  had  the  highest  percentage  of  abnormal  peripheral  pulses  (14.2%),  followed  by  the 
heaviest  drinkers  (14.0%),  then  participants  who  were  the  lightest  drinkers  (9.8%).  Participants  with  type 
B  personalities  had  a  higher  percentage  of  abnormal  peripheral  pulses  than  did  participants  with  type  A 
personalities  (1 1.8%  versus  8.7%).  Diabetic  participants  had  the  highest  prevalence  of  abnormal 
peripheral  pulses  (19.4%),  followed  by  participants  classified  as  normal  (8.9%),  then  participants  in  the 
impaired  diabetic  class  (8.4%). 

The  percentage  of  abnormal  intermittent  claudication  and  vascular  insufficiency  index  (ICVI)  results 
increased  with  lifetime  cigarette  smoking  (p=0.001)  and  current  cigarette  smoking  (p=0.001).  Diabetic 
class  was  also  significant  (p=0.001).  Diabetic  participants  had  the  highest  percentage  of  abnormal  ICVI 
results  (9.1%),  followed  by  participants  in  the  impaired  diabetic  class  (2.9%),  then  participants  classified 
as  normal  (2.6%). 

14.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analysis  of  the  dependent  variables  shown  in 
Table  14-1.  Dependent  variables  were  derived  from  a  medical  records  review  and  verification,  physical 
examination  and  ECG  determinations,  and  an  ICVI  index  based  on  participant  responses  to  three 
questions  regarding  leg  pain. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  14-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  co variates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (52). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
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additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  ‘‘background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

14.2.2.1  Medical  Records  Variables 

14.2.2.1.1  Essential  Hypertension 

All  Model  1,  2,  and  3  analyses  of  essential  hypertension  revealed  no  significant  results  (Table  14-3(a-f): 
p>0.13  for  each  analysis). 

The  unadjusted  and  adjusted  Model  4  analyses  each  showed  significant  positive  associations  between 
essential  hypertension  and  1987  dioxin  (Table  14-3(g,h):  Est.  RR=1.22,  p<0.001;  Adj.  RR=1.18, 
p=0.01 1).  The  percentages  of  participants  with  essential  hypertension  in  the  low,  medium,  and  high  1987 
dioxin  categories  were  34.0,  38.0,  and  49. 1,  respectively. 


Table  14-3.  Analysis  of  Essential  Hypertension 

RANCH  HANDS  VS.  COMPARISONS  - UNADJUSTED 

jf 

ft  S 

ft  If  1 

I!  Yes 

$  Est  Relative  Risk  VI 

All 

Ranch  Hand 

850 

345  (40.6) 

0.95  (0.80,1.14) 

0.606 

Comparison 

1,220 

509  (41.7) 

Officer 

Ranch  Hand 

329 

128  (38.9) 

0.90  (0.68,1.20) 

0.467 

Comparison 

480 

199  (41.5) 

Enlisted  Flyer 

Ranch  Hand 

149 

71  (47.7) 

1.18(0.77,1.83) 

0.447 

Comparison 

184 

80  (43.5) 

Enlisted 

Ranch  Hand 

372 

146  (39.2) 

0.92  (0.70,1.20) 

0.519 

Groundcrew 

Comparison 

556 

230(41.4) 
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Table  14-3.  Analysis  of  Essential  Hypertension  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISCjNS:- ADJUSTED  v 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  C.I.) 

1  JlHil  p-Valiie  IHiliiiltllfS 

All 

096  (0.79,1.17) 

0.708 

Officer 

0.85(0.63,1.16) 

0.317 

Enlisted  Flyer 

1.27  (0.79,2.04) 

0.316 

Enlisted  Groundcrew 

0.96  (0.72,1.29) 

0.811 

(C)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

iff!  Analysis  ResultsforLog2  (Initial  Dioxin)8 

Initial  Number  (%) 

p}  Estimated  Relative  Risk  i |f| 

inii  fpingimiiii 

p- Value 

Low  152  65  (42.8) 

Medium  160  72  (45.0) 

High  159  77  (48.4) 

1.06(0.91,1.23) 

0.441 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

K’,s- ,}  f  fr-i/V;  '$■>  , 

452  1.10(0.91,1.32) 

0.314 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  0IOXIN  CATEGORY  -  UNADJUSTED 

M  Number  (%)  |  BH 

SHk?  EsLRelative  Risk  < 

*  ?K\  ^Dioxin  Category  4  1 

liliSiMftSSSi 

ao  r  L  i 

rnmmmm  tisiii 

Comparison 

1,183 

490  (41.4) 

Background  RH 

372 

127  (34.1) 

0.86(0.67,1 

•ID 

0.246 

Low  RH 

229 

94  (41.0) 

0.95  (0.71,1 

.29) 

0.758 

High  RH 

242 

120  (49.6) 

1.22  (0.91,1 

.63) 

0.177 

Low  plus  High  RH 

471 

214  (45.4) 

1.08  (0.87,1. 

.35) 

0.488 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-3.  Analysis  of  Essential  Hypertension  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

SriS  5 

(95%  c.i.)8  :  .  ;  ;  ■ 

p-Value 

Comparison 

1,145 

Background  RH 

356 

0.87  (0.66,1.14) 

0.320 

Low  RH 

217 

0.87  (0.63,1.20) 

0.395 

High  RH 

235 

1.27  (0.93,1.74) 

0.131 

Low  plus  High  RH 

452 

1.06  (0.84,1.35) 

0.624 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 

1987  DIOXIN -  UNADJUSTED 

f. 1| ||  Analysis  Results  for  Log2  X  i f 

■  "  '1987  ■  '  :  '  P 

>Jumber:C%)tI:X 
;  Yes;, 

Estimated  Relative  Risk 

•  (95%  C.I.)a  p- Value 

Low  282  96  (34.0) 

Medium  276  105  (38.0) 

High  285  140(49.1) 

1.22  (LI  1,1.34)  <6.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

|  §H  1 1  ||i  1  Bjjjfl  |§j  |  j  ll§j|  |  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  j| |j§ 

Adjusted  Relative  Risk 

n  (95%  C.I.)a  - 

808  1.18(1.04,1.34) 

0.011 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.1.2  Heart  Disease  ( Excluding  Essential  Hypertension ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  a  history  of  heart  disease  each  showed  significant  group 
differences  when  combining  all  occupations  (Table  14-4(a,b):  Est.  RR=1.26,  p=0.013;  Adj.  RR=1.26, 
p=0.018,  respectively).  The  percentage  of  Ranch  Hands  with  heart  disease  was  66.1  versus  60.8  percent 
for  Comparisons.  Stratifying  by  occupation,  unadjusted  and  adjusted  analyses  revealed  group  differences 
within  the  enlisted  flyer  stratum  (Table  14-4(a,b):  Est.  RR=2.10,  p=0.003;  Adj.  RR=2.05;  p=0.004, 
respectively).  The  percentage  of  Ranch  Hand  enlisted  flyers  with  heart  disease  was  75.2  versus  59.7 
percent  for  the  Comparison  enlisted  flyers. 
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Table  14-4.  Analysis  of  Heart  Disease  (Excluding  Essential  Hypertension) 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Occupational 

Category 

%  1j  ■  i  1 

Number  (%) 

Yes 

Est  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

Ranch  Hand 

859 

568  (66 J) 

1.26(1.05,1.51) 

0.013 

Comparison 

1,232 

749  (60.8) 

Officer 

Ranch  Hand 

334 

238(71.3) 

1.22  (0.90,1.66) 

0.191 

Comparison 

484 

324  (66.9) 

Enlisted  Flyer 

Ranch  Hand 

149 

112(75.2) 

2.10(1.27,3.28) 

0.003 

Comparison 

186 

111  (59.7) 

Enlisted 

Ranch  Hand 

376 

218(58.0) 

1.10(0.84,1.42) 

0.523 

Groundcrew 

Comparison 

562 

314(55.9) 

(lil  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

ipliillliilii 

Adjusted  Relative  Risk 

IliilSililiillillSiiil 

iliiiilliill! 

Occupational  Category 

■  (95%C.I.)  : 

All 

1.26  (1.04,1.53) 

0.018 

Officer 

1.21  (0.88,1.66) 

0.238 

Enlisted  Flyer 

2.10(1.28,3.45) 

0.004 

Enlisted  Groundcrew 

1.10(0.83,1.46) 

0.496 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Resultslor  Log*  (Initial (Di9xiii|?' $ 

Initial  Number  (%) 

Estimated  Relative  Risk 
:  (95%  C.I.)b  p- Value 

Low  155  115(74.2) 

Medium  161  99(61.5) 

High  160  88  (55.0) 

0.79  (0.68,0.91)  0.001 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


«■>  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n  (95%  C.I.)*  ' 

457  0.90(0.75,1.08) 

0.249 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


14-21 


Table  14-4.  Analysis  of  Heart  Disease  (Excluding  Essential  Hypertension)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%) 

Yes 

I  l|i  Est  Relative  Risk 
(95%  C.I.)ab  v 

p- Value 

Comparison 

1,195 

730  (61.1) 

Background  RH 

376 

259  (68.9) 

1.43(1.11,1.83) 

0.005 

Low  RH 

233 

163  (70.0) 

1.48(1.09,2.00) 

0.011 

High  RH 

243 

139  (57.2) 

0.84  (0.64,1.11) 

0.228 

Low  plus  High  RH 

476 

302  (63.4) 

1.11  (0.89,1.39) 

0.359 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(D  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED  HIM 

'$  :1|  ^Si^A4justed.pRelative  Risk- fplfpf  iflM J 

(95%  C.I.)a 

j  iMiiiiiwiiMij 

Comparison 

1,155 

Background  RH 

1.34(1.03,1.75) 

0.032 

Low  RH 

221 

1.33  (0.96,1.84) 

0.081 

High  RH 

1.03  (0.76,1.40) 

0.865 

Low  plus  High  RH 

457 

1.16(0.92,1.48) 

0.209 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MOpEI/4: 

-  19S7  DIOXtN -  BNADJDSTED  *  || 

i  :A  ’  1?87  Dioxin  Category  Summary  Statistics  4 

|i«ap®l 

^^l^i^iedlRelaiive'Risk  5§§8pl 
(95%  C.I.)a  :  i 

Low  284 

Medium  281 

High  287 

192  (67.6) 

199  (70.8) 

170  (59.2) 

6.87  (0.79,0.96) 

0.004 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-4.  Analysis  of  Heart  Disease  (Excluding  Essential  Hypertension)  ( Continued ) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logk  (1987  Dioxin  +  1:) 

Adjusted  Relative  Risk 

(95%  C.I*)a  ' 


p- Value 


817 


0.92  (0.81,1.04) 


0.159 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  revealed  a  significant  inverse  association  between  heart  disease  and 
initial  dioxin  (Table  14-4(c):  Est.  RR=0.79,  p=0.001).  The  percentages  of  participants  with  heart  disease 
in  the  low,  medium,  and  high  initial  dioxin  categories  were  74.2,  61.5,  and  55.0,  respectively.  After 
covariate  adjustment,  the  results  became  nonsignificant  (Table  14-4(d):  p=0.249). 

The  Model  3  unadjusted  analysis  of  heart  disease  revealed  two  significant  contrasts:  Ranch  Hands  in  the 
background  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  dioxin  category  versus 
Comparisons  (Table  14-4(e):  Est.  RR=1.43,  p=0.005;  Est.  RR=1.48,  p=0.011,  respectively).  The 
adjusted  analysis  showed  a  significant  difference  between  Ranch  Hands  in  the  background  dioxin 
category  and  Comparisons  (Table  14-4(f):  Adj.  RR=1.34,  p=0.032)  and  a  marginally  significant 
difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  14-4(f):  Adj. 
RR=1.33,  p=0.081).  The  percentages  of  participants  with  heart  disease  for  Ranch  Hands  in  the 
background  dioxin  category,  Ranch  Hands  in  the  low  dioxin  category,  and  Comparisons  were  68.9,  70.0, 
and  61.1,  respectively. 

The  Model  4  unadjusted  analysis  showed  a  significant  inverse  association  between  heart  disease  and  1987 
dioxin  (Table  14-4(g):  Est.  RR=0.87,  p=0.004).  The  percentages  of  participants  with  heart  disease  in  the 
low,  medium,  and  high  1987  dioxin  categories  were  67.6,  70.8,  and  59.2,  respectively.  The  results 
became  nonsignificant  after  adjusting  for  covariates  (Table  14-4(h):  p=0.159). 

14.2.2.1.3  Myocardial  Infarction 

All  unadjusted  and  adjusted  Model  1  through  Model  4  analyses  of  myocardial  infarction  were 
nonsignificant  (Table  14-5(a-h):  p>0.10  for  each  analysis). 


Table  14-5.  Analysis  of  Myocardial  Infarction 


xAmutiAmis  vs.  comparisons tWXXdwsteo  p 

Occupational 

*>|>  *  Est  Relative  Risk 

:  |  .  '  (95%|CX)  gf&l  34 

All 

Ranch  Hand 

859 

74  (8.6) 

1.04  (0.76,1.43) 

0.786 

Comparison 

1,232 

102  (8.3) 

Officer 

Ranch  Hand 

334 

28  (8.4) 

0.96  (0.58,1.59) 

0.882 

Comparison 

484 

42  (8.7) 

Enlisted  Flyer 

Ranch  Hand 

149 

16(10.7) 

1.37  (0.65,2.87) 

0.403 

Comparison 

186 

15  (8.1) 

Enlisted 

Ranch  Hand 

376 

30  (8.0) 

1.00(0.62,1.61) 

0.987 

Groundcrew 

Comparison 

562 

45  (8.0) 
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Table  14-5.  Analysis  of  Myocardial  Infarction  (Continued) 


(b)  MODEL  X:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CL)  - 

IfUfll  p- Value  !;:|}|y|ji|l|||l{} 

All 

1.02  (0.73,1.42) 

0.915 

Officer 

0.86  (0.50,1.46) 

0.567 

Enlisted  Flyer 

1.57  (0.72,3.43) 

0.255 

Enlisted  Groundcrew 

0.99  (0.59,1.67) 

0.975 

(c)  MODEL  2:  RANCH  HAN  DS -  INITIAL  DIOXIN  -  UNADJUSTED 

1 1||  Analysis  Results  for  Log2  (Initial  Dioxin)8 1  |j| 

Dioxin  n  Yes 

Estimated  Relative  Risk 
.  (95%C.I.)b  .  p- Value 

Low  155  12  (7.7) 

Medium  161  18(11.2) 

High  160  13  (8.1) 

1.01  (0.79,1.28)  0.945 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MQJDEL  H  ^N^H  flANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin) 

5  MsC  iFMifM 5  1 i 

Vv  ■  -.y  ■  .y 

Adjusted  Relative  Risk 
(95%  C.I.)*  yV 

p-Value 

457 _ 1.30  (0.95,1.77) _ 0.106 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  myocardial  infarction. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

;,;':Yes  : 

|  f  Esk  Relative  Risk 

i  VsycC.i.)***'' 

p»  Value 

Comparison 

1,195 

98  (8.2) 

Background  RH 

376 

29  (7.7) 

0.98  (0.63,1.51) 

0.919 

Low  RH 

233 

19(8.2) 

0.99(0.59,1.65) 

0.958 

High  RH 

243 

24  (9.9) 

1.18(0.73,1.89) 

0.496 

Low  plus  High  RH 

476 

43  (9.0) 

1.08  (0.74,1.58) 

0.689 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-5.  Analysis  of  Myocardial  Infarction  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIONDS  CATEGORY 

-  ADJUSTED 

Dioxin  Category 

n  - 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

Background  RH 

1,155 

360 

0.89  (0.55,1.43) 

0.625 

Low  RH 

221 

0.84  (0.49,1.46) 

High  RH 

236 

1.39  (0.83,2.32) 

Low  plus  High  RH 

457 

1.09  (0.73,1.63) 

0.673 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <!  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


<!•>  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  UNADJUSTED 

liiiil! 

analysis  Results  for  Log2  (1987  Dioxin  +  Jfj|f||  |  §§j  j 

1987  Number  (%) 

Dioxin  ■  '  ’  n  Yes 

Low  284  21  (7.4) 

Medium  281  23  (8.2) 

High  287  28  (9.8) 

1.03(0.87,1.21)  0.740 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 


Adjusted  Relative  Risk 


p- Value 


817 


1.16(0.94,1.44) 


0.170 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14. 2.2 . 1.4  Stroke  or  Transient  Ischemic  Attack 

All  analysis  results  of  stroke  or  transient  ischemic  attack  were  nonsignificant  (Table  14-6(a-h):  p>  0.10 
for  each  analysis). 
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Table  14-6.  Analysis  of  Stroke  or  Transient  Ischemic  Attack 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

v  Occupational  j 
Category 

Group 

iJiSffllSi® 

Yes  . 

HjH  Est  Relative  Risk  M  ill 
(95%  CX)  : 

p-Value 

All 

Ranch  Hand 

859 

11  (1.3) 

1.13  (0.51,2.50) 

0.766 

Comparison 

1,232 

14(1.1) 

Officer 

Ranch  Hand 

334 

5(1.5) 

1.46  (0.42,5.07) 

0.555 

Comparison 

484 

5(1.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

_ 

0.3303 

Comparison 

186 

3  (1.6) 

Enlisted 

Ranch  Hand 

376 

6(1.6) 

1.50  (0.48,4.69) 

0.483 

Groundcrew 

Comparison 

562 

6(1.1) 

P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 

with  a  stroke  or  transient  ischemic  attack. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  stroke  or  transient  ischemic  attack. 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category 

All 

1.21  (0.51,2.85) 

0.666 

Officer 

1.18(0.31,4.51) 

0.806 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

1.80(0.53,6.06) 

0.345 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  stroke  or  transient  ischemic  attack. 


(1)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

r 

AnalysisResuIts  for  Log2  (InitialDioXin)8  5  §H| 

Initial  Number  (%) 

>fS:1&timatecfI^ 

(')?<:;  C.n"  :  ;  p-Value  :  ) 

1.22(0.68,2.16)  6.513 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-6.  Analysis  of  Stroke  or  Transient  Ischemic  Attack  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

t  -i'T':''’:  /fe  ■  .Analysis  Results  for  Log2  {Initial  Dioxin).  , 

Adjusted  Relative  Risk 

iJlSliiliSlili!®!: 

(95%  CJ.)a 

p- Value 

457 

1.33  (0.72,2.47) 

0.379 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  a  stroke 
or  transient  ischemic  attack. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%) 

Yes 

ii -iStt  Est  Relati  ve  Risk  lip 

Comparison 

1,195 

14  (1.2) 

Background  RH 

376 

5(1.3) 

1.13(0.40,3.18) 

0.816 

Low  RH 

233 

1  (0.4) 

0.36  (0.05,2.78) 

0.330 

High  RH 

243 

5  (2.1) 

1.78  (0.63,5.02) 

0.275 

Low  plus  High  RH 

476 

6(1.3) 

0.82  (0.25,2.68) 

0.741 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

IliiiBipiiiiill 

IHII  Dioxin  Category  |§l|f| 

Adjusted  Relative  Risk 

(95%  c.L)a  ■ 

p-Value 

Comparison 

1,155 

Background  RH 

360 

0.97  (0.30,3.16) 

0.956 

Low  RH 

221 

0.42  (0.05,3.26) 

High  RH 

236 

2.65  (0.83,8.46) 

Low  plus  High  RH 

457 

1.08  (0.32,3.71) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-6.  Analysis  of  Stroke  or  Transient  Ischemic  Attack  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

mm  ’  -Analysis  Results  for  Log2  ;(1987  Dioxin  ||gf|l 

|  jjJ-jJfj  Di6xm  |  M  J  1 1  jjjnjjj J? 1 1 H 1 | Jf  |py  | 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  284  4(1.4) 

Medium  281  2(0.7) 

High  287  5  (1.7) 

0.99(0.66,1.48)  0.957 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

Adjusted  Relative  Risk 

•••  ,  •  n  .  .  '  ■-.  (95%  CX)a  -  :  :  .  p- Value 

817  1.15(0.71,1.85)  (1578 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  a  stroke  or 
transient  ischemic  attack. 


14.2.2.2  Physical  Examination  Variables  -  Central  Cardiac  Function 
14.2.2.2. 1  Systolic  Blood  Pressure  ( Continuous) 

All  Model  1  and  Model  2  analyses  of  systolic  blood  pressure  in  its  continuous  form  showed  no  significant 
results  (Table  14-7(a-d):  p>0.23  for  each  analysis). 


Table  14-7.  Analysis  of  Systolic  Blood  Pressure  (Continuous) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

||  Occupational  1 

til  Difference  of  Means  p 

Si 

<95Cr  c.i.)b 

All 

Ranch  Hand 

859 

124.9 

-0.7- 

0.383 

Comparison 

1,232 

125.6 

Officer 

Ranch  Hand 

334 

125.9 

-0.2  - 

0.865 

Comparison 

484 

126.2 

Enlisted  Flyer 

Ranch  Hand 

149 

127.0 

-0.3  - 

0.875 

Comparison 

186 

127.3 

Enlisted 

Ranch  Hand 

376 

123.1 

-1.4  - 

0.241 

Groundcrew 

Comparison 

562 

124.5 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  14-7.  Analysis  of  Systolic  Blood  Pressure  (Continuous)  (Continued) 

(b)MODELl:  ^NOTH^NDS VS. COMPARISONS -ADJUSTED 

liliilliWiliiiSSi! 

■  -:ri  x 

Adjusted 

Mean8 

Difference  of  Adj.  Means 

ill  i 

■  ;  p-Va^e0;;®!! 

AU 

Ranch  Hand 

822 

127.7 

-i 0.6 - 

0.415 

Comparison 

1,189 

128.4 

Officer 

Ranch  Hand 

322 

127.2 

-0.9  - 

0.468 

Comparison 

472 

128.1 

Enlisted  Flyer 

Ranch  Hand 

140 

128.7 

0.1- 

0.967 

Comparison 

178 

128.6 

Enlisted  Groundcrew 

Ranch  Hand 

360 

127.5 

-0.7  - 

0.574 

Comparison 

539 

128.2 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1  Mean8  | 

jipf § Jiff  lit 

\  R2  v  (Std;  Error)?  f  ifillll 

Low  155  125.8  126.4 

Medium  161  125.7  125.8 

High  160  124.2  123.6 

0.049  -0.006  (0.005)  0.238 

a  Transformed  from  natural  logarithm  scale. 

h  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  systolic  blood  pressure  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


-  adjusted 


Initial  Dioxin  Category  Summary  Statistics 

1  t j  Analysis  Results  for  Log'2.  (Initial  Dioxin)  » 

R2 

’  (Std.  Error^^lr^i-I  p-Value  • 

Low 

150 

129.0 

0.135 

-0.000  (0.006)  0.983 

Medium 

150 

130.2 

High 

157 

128.5 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  systolic  blood  pressure  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-7.  Analysis  of  Systolic  Blood  Pressure  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


■  n 

Mean3 

Adj.  Meanab 

Difference  of  Adj.  Mean 
i  |kf  vs.  Comparisons  1  • , . 
(95%  C.I.)c  - 

p- Value11 

Comparison 

1,195 

125.6 

125.5 

Background  RH 

376 

124.4 

125.4 

-0.1- 

0.935 

Low  RH 

233 

126.2 

125.9 

0.4  - 

0.730 

High  RH 

243 

124.4 

123.4 

-2.1  - 

0.079 

Low  plus  High  RH 

476 

125.2 

124.6 

-0.9  - 

0.346 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANOi 

RHANDSAND 

COMPARISONS  bydiox 

INCAtfGOi^ 

Difference  of  Ac 
vs.  Compari 

sons 

Dioxin  Category 

SlllillSgSi^^ean8:  111 

(95%  C.I 

)b  p-Valuec 

Comparison 

1,155 

128.5 

Background  RH 

360 

128.5 

0.0  - 

0.990 

Low  RH 

221 

127.9 

-0.6  - 

0.651 

High  RH 

236 

127.0 

-1.5  - 

0.222 

Low  plus  High  RH 

457 

127.4 

-1.1  - 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-7.  Analysis  of  Systolic  Blood  Pressure  (Continuous)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1)  Up | 

1987  Dioxin  n  Mean2 

j|I;  JJfjp  §  Slope  |i|!  |f||  |  J  |  i 

R2  (Std.  Error)15  p-Value 

Low  284  124.0 

Medium  281  125.9 

High  287  124.8 

<0.001  0.001  (0.003)  0.693 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  systolic  blood  pressure  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

| f  1 1 1 1  Analysis  Results  for  Log2  (1987  Dioxin  +  1|S||  V  j| |  j 

®tl  . R2  ;  1 

Low  271  128.3 

Medium  271  127.2 

High  275  127.1 

0.126  -0.005  (0.004)  0.165 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  systolic  blood  pressure  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  3  analysis  showed  a  marginally  significant  difference  between  Ranch  Hands  in  the 
high  dioxin  category  and  Comparisons  (Table  14-7(e):  difference  of  means=-2.1  mm  Hg,  p=0.079). 
Ranch  Hands  in  the  high  dioxin  category  had  a  lower  mean  systolic  blood  pressure  (123.4  mm  Hg)  than 
the  Comparisons  (125.5  mm  Hg).  The  adjusted  Model  3  analysis  revealed  no  significant  contrasts  (Table 
14-7(f):  p>0.22  for  each  contrast). 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  no  significant  associations  between  1987 
dioxin  and  systolic  blood  pressure  in  its  continuous  form  (Table  14-7(g,h):  p>0.16  for  each  analysis). 

1 4.2. 2. 2.2  Systolic  Blood  Pressure  ( Discrete ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  systolic  blood  pressure  in  its  discrete  form  showed  no 
significant  differences  between  Ranch  Hands  and  Comparisons  when  examined  across  all  occupations 
and  within  each  occupation  (Table  14-8(a,b):  p>0.63  for  each  contrast). 
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Table  14-8.  Analysis  of  Systolic  Blood  Pressure  (Discrete) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

SlSiSi 

Est.  Relative  Risk 

1  i|  Ifl ||. 

p- Value 

AU 

Ranch  Hand 

859 

181  (21.1) 

0.99  (0.80,1.22) 

0.914 

Comparison 

1,232 

262  (21.3) 

Officer 

Ranch  Hand 

334 

78  (23.4) 

1.01  (0.73,1.41) 

0.944 

Comparison 

484 

112(23.1) 

Enlisted  Flyer 

Ranch  Hand 

149 

36  (24.2) 

1.06  (0.64,1.76) 

0.823 

Comparison 

186 

43  (23.1) 

Enlisted 

Ranch  Hand 

376 

67  (17.8) 

0.92  (0.66,1.29) 

0.638 

Groundcrew 

Comparison 

562 

107  (19.0) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

IfSltltlf  Adjusted  Relative  Risk  '  - 

IMIMiiiilSKiiSISI 

IHIliiiliilK 

Occupational  Category  lj\\ 

(95%  CJ.)  ; 

p-Value 

All 

0.99  (0.79,1.24) 

0.899 

Officer 

0.95  (0.67,1.35) 

0.784 

Enlisted  Flyer 

1.13(0.66,1.93) 

0.661 

Enlisted  Groundcrew 

0.96  (0.67,1.38) 

0.832 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

V  Inlh^  Dioxin  Category  Summary  Statistics 

Ifl!  Analysis  Results  i|||J 

• 1 L'-  >  WdVSBBMI  1 1 

Estimated  Relative  Risk 

Low  155  40  (25.8) 

Medium  161  36(22.4) 

High  160  29(18.1) 

0.83  (0.69,0.99)  6.031 

*  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

RANCH;;ffiANDS  -  INpCIAt  PIQXIN  -  ADJUSTED  $JJOI 

SSlHISiii 

MM  1  Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

If  1  mi  1  -  (95%  c.i.)“  MR  '  ac 

457 

0.89  (071,1.11) 

0.296 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  14-8.  Analysis  of  Systolic  Blood  Pressure  (Discrete)  (Continued) 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


.  n 

Number  (%)  ,  .  . 

tlSlSBilllillli 

Est.  Relative  Risk  *  ; 

i.  >;  1  (95%  C,I.)sb  Tl'l 

p- Value 

Comparison 

1,195 

253  (21.2) 

Background  RH 

376 

74  (19.7) 

1.00  (0.75,1.34) 

0.998 

Low  RH 

233 

59  (25.3) 

1.25  (0.90,1.73) 

0.188 

High  RH 

243 

46(18.9) 

0.80  (0.56,1.14) 

0.208 

Low  plus  High  RH 

476 

105  (22.1) 

0.99  (0.76,1.29) 

0.952 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY 

r  ADJUSTED  |p?|||| 

(95%  C.I.)a  ; 

Comparison 

Background  RH 

1,155 

360 

1.00  (0.73,1.37) 

0.983 

Low  RH 

221 

1.12(0.79,1.59) 

0.532 

High  RH 

236 

0.84  (0.57,1.23) 

0.365 

■  tu.4 ;  rm  i^— 

457 

0.96  (0.73,1.27) 

0.791 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Low  284  54  (19.0) 

Medium  281  66(23.5) 

High  287  59  (20.6) 

1.00(0.89,1.12)  0.956 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-8.  Analysis  of  Systolic  Blood  Pressure  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 

;  n  ■  •  (95%C.I.)a 

p- Value 

817  0.88  (0.76,1.02) 

0.099 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

A  significant  inverse  association  between  discrete  systolic  blood  pressure  and  initial  dioxin  was  found  in 
the  unadjusted  Model  2  analysis  (Table  14~8(c):  Est.  RR=0.83,  p=0.031).  After  adjusting  for  covariates, 
the  results  became  nonsignificant  (Table  14-8(d):  p=0.296). 


The  unadjusted  and  adjusted  Model  3  analyses  of  systolic  blood  pressure  showed  no  significant  contrasts 
between  the  Ranch  Hand  dioxin  category  and  Comparisons  (Table  14-8(e,f):  p>0.18  for  each  contrast). 

The  unadjusted  Model  4  results  were  nonsignificant  (Table  14-8(g):  p=0.956).  After  adjusting  for 
covariates,  the  results  became  marginally  significant  (Table  14-8(h):  Adj.  RR=0.88,  p=0.099).  The 
percentages  of  participants  with  high  discrete  systolic  blood  pressures  in  the  low,  medium,  and  high  1987 
dioxin  categories  were  19.0,  23.5,  and  20.6,  respectively. 

1 4.2.2.23  Diastolic  Blood  Pressure  ( Continuous ) 

All  Model  1  and  Model  2  analyses  of  diastolic  blood  pressure  in  its  continuous  form  showed  no 
significant  results  (Table  14-9(a-d):  p>0.19  for  each  analysis). 

The  unadjusted  Model  3  analysis  of  continuous  diastolic  blood  pressure  revealed  a  marginally  significant 
difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  14-9(e):  difference 
of  means=1.08  mm  Hg,  p=0.099).  The  adjusted  results  were  nonsignificant  (Table  14-9(f):  p>0.13  for 
each  contrast). 

A  significant  positive  association  between  1987  dioxin  and  continuous  diastolic  blood  pressure  was  found 
in  the  unadjusted  Model  4  analysis  (Table  14-9(g):  slope=0.031,  p=0.014).  The  mean  diastolic  blood 
pressure  in  the  low,  medium,  and  high  1987  dioxin  categories  was  73.97  mm  Hg,  73.76  mm  Hg,  and 
75.94  mm  Hg,  respectively.  After  adjusting  for  covariates,  the  results  became  nonsignificant  (Table 
14-9(h):  p=0.315). 
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Table  14-9.  Analysis  of  Diastolic  Blood  Pressure  (Continuous) 

7a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


g  ^Occupational 

liill^eahj'  |f  f§!|| 

-  m  Difference  of  Means  If 

-(95%  C.I.)b;  ;#fcf 

p- Value* 

All 

Ranch  Hand 

859 

74.55 

-0.06- 

0.883 

Comparison 

1,232 

74.61 

Officer 

Ranch  Hand 

334 

74.17 

-0.04  - 

0.952 

Comparison 

484 

74.21 

Enlisted  Flyer 

Ranch  Hand 

149 

75.22 

0.12- 

0.905 

Comparison 

186 

75.10 

Enlisted 

Ranch  Hand 

376 

74.63 

-0.17- 

0.780 

Groundcrew 

Comparison 

562 

74.80 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 


iiiiiiliiiiiiiif 

III#® 

Adjusted  f  f 

Difference  of  Adj.  Means  i! If  - 

iiiiliiii 

AU 

Ranch  Hand 

822 

75.68 

0.06- 

0.889 

Comparison 

1,189 

75.62 

Officer 

Ranch  Hand 

322 

75.29 

-0.08  - 

0.907 

Comparison 

472 

75.37 

Enlisted  Flyer 

Ranch  Hand 

140 

76.47 

0.33  - 

0.752 

Comparison 

178 

76.13 

Enlisted  Groundcrew 

Ranch  Hand 

360 

75.37 

0.08  - 

0.898 

Comparison 

539 

75.29 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

~  i  i  ■  i  ’  : . : __  ■  .  •  •  V-  'W„ 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

R2  (Std.  Error)'  p-Value 

Low  155  74.07  74.24 

Medium  161  75.16  75.17 

High  160  76.07  75.89 

6.023  0.025(0.019)  0.190 

a  Transformed  from  square  root  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Slope  and  standard  error  based  on  square  root  of  diastolic  blood  pressure  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-9.  Analysis  of  Diastolic  Blood  Pressure  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Uog2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean3 

Adj.  Slope 

R2  (Std.  Error/’  p- Value 

Low  150  76.09 

Medium  150  77.21 

High  157  77.40 

0.073  0.019  (0.023)  0.425 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  diastolic  blood  pressure  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


n 

J  Adj.  Meanab  | 

Difference  of  Adj.  Mean 

1  vs.  Comparisons 

|  p- Value* 

Comparison 

1,195 

74.58 

74.57 

Background  RH 

376 

73.87 

74.14 

-0.43  - 

Low  RH 

233 

74.26 

74.19 

-0.38  - 

0.569 

High  RH 

243 

75.93 

75.65 

1.08  ~ 

0.099 

Low  plus  High  RH 

476 

75.11 

74.93 

0.36  - 

0.468 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-9.  Analysis  of  Diastolic  Blood  Pressure  ( Continuous )  (Continued) 

AlW  ^^I^SONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


'  Vvj  n 

Adj.  Mean8 

Difference  of  Adj.  Mean 
vs.  Comparisons 
(95%  CX)b 

p-Valuec 

Comparison 

1,155 

75.67 

Background  RH 

360 

75.56 

-0.11  - 

0.844 

Low  RH 

221 

75.23 

-0.44  - 

0.515 

High  RH 

236 

76.69 

1.02  - 

0.135 

Low  plus  High  RH 

457 

75.98 

0.31  - 

0.544 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(8)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUS’J 

1987  Dioxin  Category  Summary  Statistics 

Hi 

Analysis  Results  for  Log2  (l987I)ioxui  M 1 1 

■  .  •  Slope  ' 

R  (Std.  Error)b  p-Value 

Low  284  73.97 

Medium  281  73.76 

High  287  75.94 

0.007  0.031  (0.013)  0.014 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  diastolic  blood  pressure  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

,*  %  ff  1987  Dioxin  Category  Summary  Statisdcs^l^ 

Analysis  Resultsfor  Lo&  (1987  Dioxin \  "  J.  : 

1987 

Dioxin  n  Adj.  Mean8 

Low  271  75.59 

Medium  271  75.01 

High  275  77.24 

0.061  0.016  (0.016)  0.315 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  diastolic  blood  pressure  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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1 4. 2. 2. 2. 4  Diastolic  Blood  Pressure  ( Discrete ) 

All  unadjusted  and  adjusted  analyses  of  diastolic  blood  pressure  in  its  dichotomous  form  were 
nonsignificant  (Table  14-10(a-h):  p>0.19  for  each  analysis). 


Table  14-10.  Analysis  of  Diastolic  Blood  Pressure  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


fil  Number  (%)  ||i 

fiffe®  Esfc  Relative  Risk  | 
filflfl  (95%  t(fX)  Hill 

||||||  p- Value 

All 

Ranch  Hand 

859 

45  (5.2) 

1.06(0.71,1.58) 

0.769 

Comparison 

1,232 

61  (5.0) 

Officer 

Ranch  Hand 

334 

20  (6.0) 

1.34  (0.72,2.49) 

0.360 

Comparison 

484 

22  (4.5) 

Enlisted  Flyer 

Ranch  Hand 

149 

8  (5.4) 

1.26  (0.46,3.45) 

0.649 

Comparison 

186 

8  (4.3) 

Enlisted 

Ranch  Hand 

376 

17  (4.5) 

0.81  (0.44,1.49) 

0.499 

Groundcrew 

Comparison 

562 

31  (5.5) 

(b)  MODEL  1:  RANCH  HANDS  V 

S.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

p- Value 

AU 

1.02  (0.67,1.56) 

0.916 

Officer 

1.21  (0.62,2.35) 

0.576 

Enlisted  Flyer 

1.18(0.41,3.37) 

0.760 

Enlisted  Groundcrew 

0.84  (0.44,1.59) 

0.584 

(O  MODEL  2:  RANCH  HANDS  -INITIAL  DIOXIN  -UNADJUSTED 

k  v  ^  *  Initial  Dioxin  Category  Summary  Statistics  %  ^  f  ; 

*  i  Analysis  Results  for  Log2  (Initial  Dioxin)*  jj f| fi | 

Initial  j|j|j  j§|  |g|  ||  1  Jl  Number\(%)  | 

ttiSlilBS  HIl  1  ill  n  |g||!  |||i  |§§  High 

(95%  C.I.)b  p- Value 

1.04(0.79,1.37)  0.793 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-10.  Analysis  of  Diastolic  Blood  Pressure  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  CGMPAWSONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category 

n 

Number  (%) 

till! iiiiiii 

Est.  Relative  Risk 
(95%  C.I.)ab 

1  IS  ip-Value:  \ 

Comparison 

1,195 

59  (4.9) 

Background  RH 

376 

15  (4.0) 

0.85  (0.47,1.52) 

0.576 

Low  RH 

233 

12  (5.2) 

1.04  (0.55,1.96) 

0.915 

High  RH 

243 

17  (7.0) 

1.37  (0.78,2.41) 

0.267 

Low  plus  High  RH 

476 

29  (6.1) 

1.20  (0.75,1.90) 

0.447 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

;  n 

Adjusted  Relative  Risk 
(95%  C.I )a  ■■ 

p- Value  , 

Comparison 

1,155 

Background  RH 

360 

0.78  (0.41,1.48) 

0.449 

Low  RH 

221 

0.91  (0.45,1.83) 

High  RH 

236 

1.46  (0.80,2.68) 

Low  plus  High  RH 

457 

1.16(0.71,1.91) 

0.551 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g) MODEL  4:  RANCH  HANDS  - 1987  DIOXIN-  UNADJUSTED 

jjljj  g§j|  f  Analysis  Results  for  Log2  (198|  l)ioxijt  + 1)  j|||  |f|  ||| 

||  |  5  j  jjj  |j|  j 

1 1  jjj  jjj  |f  1 1  |jjf|  v  1 1  ^\HigHl  f§§||  | 

1.14(0.94,1.39)  0.198 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-10.  Analysis  of  Diastolic  Blood  Pressure  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log*  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
(95%  C.I.)a 


p-Value 


817 


1.20  (0.89,1.61) 


0.228 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.2.5  Heart  Sounds 

All  Model  1  and  Model  2  analyses  of  heart  sounds  were  nonsignificant  (Table  14-1  l(a-d):  p>0.1 1  for 
each  analysis). 


Table  14-11.  Analysis  of  Heart  Sounds 


(a)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Number  (%) 

Est  Relative  Risk  f  Jf 
(95%  CA)  |f  II  | 

All 

Ranch  Hand 

859 

31  (3.6) 

0.71  (0.45,1.10) 

0.116 

Comparison 

1,232 

62  (5.0) 

Officer 

Ranch  Hand 

334 

11  (3.3) 

0.60  (0.29,1.23) 

0.164 

Comparison 

484 

26  (5.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

7  (4.7) 

0.78  (0.30,2.08) 

0.625 

Comparison 

186 

11(5.9) 

Enlisted 

Ranch  Hand 

376 

13  (3.5) 

0.77  (0.39,1.52) 

0.452 

Groundcrew 

Comparison 

562 

25  (4.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

5  Adjusted  Relative  Risk  >  V  %  Vv) 

Occupational  Category 

j  |  p- Value  $ 

All 

0.71  (0.45,1.13) 

0.139 

Officer 

0.60(0.28,1.29) 

0.190 

Enlisted  Flyer 

0.65  (0.23,1.84) 

0.419 

Enlisted  Groundcrew 

0.86  (0.42,1.74) 

0.675 

Medium  161  10(6.2) 

High _ 160 _ 6  (3.8) 


a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-11.  Analysis  of  Heart  Sounds  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

mmmmm 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
.  (95%C.I.)a 

p- Value 

457 

1.28  (0.83,1.98) 

0.266 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

f  iiipsfjolr  I'fji 

Number  (%)  Est.  Relative  Risk 

n  , 

Abnormal  (95%  CX)ab 

1  111  Iff®  p-Value  gif  1 1 

Comparison 

1,195 

60  (5.0) 

Background  RH 

376 

9  (2.4)  0.48  (0.24,0.99) 

Low  RH 

233 

10(4.3)  0.84(0.42,1.67) 

High  RH 

243 

12(4.9)  0.94(0.50,1.79) 

Low  plus  High  RH 

476 

22(4.6)  0.89(0.54,1.48) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

18«ill!*!l 

'Adjusited;Reiative.Risk-: 

Dioxin^ategory  fgp| J$f 

(95%  CX)a 

iiiiiiiKiiiiisiii# 

Comparison 

1,155 

Background  RH 

360 

0.45  (0.21,0.97) 

0.041 

Low  RH 

221 

0.80(0.39,1.61) 

0.528 

High  RH 

236 

1.05(0.52,2.11) 

0.901 

Low  plus  High  RH 

457 

0.92  (0.54,1.56) 

0.750 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-11.  Analysis  of  Heart  Sounds  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  284  8  (2.8) 

Medium  281  9(3.2) 

High  287  14  (4.9) 

1.16(0.92,1.46)  0.220 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

Adjusted  Relative  Risk 

« _  (95%C,I.)a  p- Value 

817  1.24(0.89,1.73)  0.193 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  and  adjusted  Model  3  analyses  each  showed  a  significant  difference  between  Ranch 
Hands  in  the  background  dioxin  category  and  Comparisons  (Table  14-1  l(e,f):  Est.  RR=0.48,  p=0.047; 
Adj.  RR=0.45,  p=0.041,  respectively).  The  percentage  of  participants  with  abnormal  heart  sounds  was 
lower  for  Ranch  Hands  in  the  background  dioxin  category  (2.4%)  than  for  Comparisons  (5.0%). 

Model  4  unadjusted  and  adjusted  analyses  showed  no  significant  association  between  heart  sounds  and 
1987  dioxin  (Table  14-ll(g,h):  p>0.19  for  each  analysis). 

14. 2. 2. 2. 6  Overall  Electrocardiograph 

The  unadjusted  and  adjusted  Model  1  analyses  of  overall  ECG  showed  no  overall  group  difference 
between  Ranch  Hands  and  Comparisons  (Table  14-12(a,b):  p>0.68  for  each  contrast).  Stratifying  by 
occupation  revealed  a  marginally  significant  group  difference  within  the  enlisted  groundcrew  stratum  for 
both  the  unadjusted  and  adjusted  analyses  (Table  14-12(a,b):  Est.  RR=0.77,  p=0.096;  Adj.  RR=0.76, 
p=0.095,  respectively).  The  percentage  of  enlisted  groundcrew  with  abnormal  overall  ECG  results  was 
lower  for  Ranch  Hands  (23.4%)  than  for  Comparisons  (28.3%). 

Both  the  unadjusted  and  adjusted  Model  2  analyses  of  overall  ECG  were  nonsignificant  (Table 
14-12(c,d):  p>0.17  for  each  analysis). 

The  unadjusted  Model  3  analyses  of  overall  ECG  did  not  show  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  (Table  14- 12(e):  p>0.60  for  each  contrast).  After 
adjusting  for  covariates,  a  marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin 
category  and  Comparisons  was  revealed  (Table  14-12(f):  Adj.  RR=0.73,  p=0.063).  The  percentage  of 
abnormal  overall  ECG  results  was  lower  for  Ranch  Hands  (30.9%)  than  for  Comparisons  (31.2%).  Both 
the  unadjusted  and  adjusted  Model  4  analyses  were  nonsignificant  (Table  14-12(g,h):  p>0.39  for  each 
analysis). 
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Table  14-12.  Analysis  of  Overall  Electrocardiograph  (ECG) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

iilftigiilli 

Group 

lUiURHH 

1  Npihber  (%)  | 

Est.  Relative  Risk  j| ;  1 
.  <95%  C.I.) 

p-Value 

All 

Ranch  Hand 

859 

268  (31.2) 

1.00  (0.83,1.21) 

0.988 

Comparison 

1,232 

384  (31.2) 

Officer 

Ranch  Hand 

334 

120  (35.9) 

1.10(0.82,1.48) 

0.506 

Comparison 

484 

163  (33.7) 

Enlisted  Flyer 

Ranch  Hand 

149 

60  (40.3) 

1.35  (0.86,2.11) 

0.190 

Comparison 

186 

62  (33.3) 

Enlisted 

Ranch  Hand 

376 

88  (23.4) 

0.77  (0.57,1.05) 

0.096 

Groundcrew 

Comparison 

562 

159  (28.3) 

RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

SiiHiiiiiil 

ill  IS M  Adjusted  Relative  Risk 

>]’}?'  >1  v;| 8P  ‘  .few  • 

gg m  fl  Occupational  Category,  > >  L  J 

(95%  C.I.) 

All 

0.96(0.78,1.18) 

0.688 

Officer 

1.07  (0.79,1.47) 

0.655 

Enlisted  Flyer 

1.24  (0.76,2.00) 

0.389 

Enlisted  Groundcrew 

0.76  (0.55,1.05) 

0.095 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

|§!  |  Analysis  Resultsfbr  IyOgzllmti^I  EHb^n)8  j|jj| 

■  -  Initial  ■  Number  (%) 

■  (95%  C.I.)1’  ::  p-Value 

Low  155  51  (32.9) 

Medium  161  47  (29.2) 

High  160  48  (30.0) 

0.90  (0.77,1.05)  0.171 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-12.  Analysis  of  Overall  Electrocardiograph  ( ECG )  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n 

i;  Number  (%)y'‘->^ 

Abnormal 

Est  Relative  Risk 
(95%  C.I.)ab 

IlllliS  p- Value  ill® 

Comparison 

1,195 

373  (31.2) 

Background  RH 

376 

118(31.4) 

1.06  (0.82,1.36) 

0.659 

Low  RH 

233 

72  (30.9) 

0.98  (0.72,1.33) 

0.883 

High  RH 

243 

74  (30.5) 

0.92  (0.68,1.25) 

0.602 

Low  plus  High  RH 

476 

146  (30.7) 

0.95  (0.75,1.20) 

0.659 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  : m||| 

IpillSSISi'li 

£  :,%1i:3i:Adjdste!d  Relative- Risk 

■illliWIiiiliiilii 

iliiliiAliilil 

(95%  C.I.)a  , 

:11S|  p-Value; 

Comparison 

1,155 

Background  RH 

360 

1.00  (0.76,1.32) 

0.980 

Low  RH 

221 

0.73  (0.52,1.02) 

0.063 

High  RH 

236 

1.10(0.78,1.54) 

0.578 

Low  plus  High  RH 

457 

0.90(0.70,1.16) 

0.423 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


■(g)  MODEL  4;  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dio^n  pat^b^Sumimfy  Statistics; 

Re$uitsTo^Ogi‘(fi987'pioxin  s|  jj|Jjj 

:  -  V  /  f  v3 

| ,  Iff /I 1  In  Abnormal/:fj 

jE^timateii  Relative  Jtillf  4 

0.96(0.87,1.06)  0.391 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-12.  Analysis  of  Overall  Electrocardiograph  (ECG)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1 987  Dioxin  +  1) 

Adjusted  Relative  Risk 
(95%  CX)a 


p- Value 


817 


1.02  (0.89,1.17) 


0.753 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.2.7  Right  Bundle  Branch  Block 

All  unadjusted  and  adjusted  analysis  results  of  right  bundle  branch  block  were  nonsignificant  (Table 
14-13(a-h):  p>0.27  for  each  analysis). 


Table  14-13.  Analysis  of  Right  Bundle  Branch  Block 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

lillliiiiiPi 

Number  (.%).■ 
Yes 

Esti  Relative  Risk  .  <  ^ 

mmmmm 

All 

Ranch  Hand 

859 

21  (2.4) 

0.91  (0.52,1.58) 

0.739 

Comparison 

1,232 

33  (2.7) 

Officer 

Ranch  Hand 

334 

8(2.4) 

0.89  (0.36,2.17) 

0.796 

Comparison 

484 

13  (2.7) 

Enlisted  Flyer 

Ranch  Hand 

149 

8  (5.4) 

1.45  (0.51,4.10) 

0.482 

Comparison 

186 

7  (3.8) 

Enlisted 

Ranch  Hand 

376 

5  (1.3) 

0.57  (0.20,1.61) 

0.288 

Groundcrew 

Comparison 

562 

13  (2.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

llilill  Occupational  Category  lit! 

(95%  C.I.)  ..  ■ 

All 

0.88(0.49,1.56) 

0.650 

Officer 

0.89  (0.36,2.22) 

0.807 

Enlisted  Flyer 

1.47  (0.49,4.44) 

0.493 

Enlisted  Groundcrew 

0.55  (0.19,1.59) 

0.271 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

||§t§  ?  Analysis  Results  for  IvOg2  (Initial  Dioxin)a  |  4  >, 

:■  n  , ,  ■■■■  Yes  : 

%"  Estimated  Relative  Risk  5 

c.i.i1'  .  ; 

IliiifliSii##! 

Low 

Medium 

High 

6.93  (0.59,1.46) 

0.747 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-13.  Analysis  of  Right  Bundle  Branch  Block  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%  C.I.)3 

|l  p- Value  iff! 

462 

1.12  (0.62,2.04) 

0.707 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  and  family  history  of  heart  disease  before  age  45  because  of  the  sparse 
number  of  Ranch  Hands  with  a  right  bundle  branch  block. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Est.  Relative  Risk 

1  |f;5  (95%  C.I*)ab  Jifi 

p- Value 

Comparison 

1,195 

31  (2.6) 

Background  RH 

376 

9  (2.4) 

0.93  (0.44,1.98) 

0.852 

Low  RH 

233 

5  (2.1) 

0.82  (0.32,2.14) 

0.688 

High  RH 

243 

7  (2.9) 

1.10(0.48,2.54) 

0.818 

Low  plus  High  RH 

476 

12  (2.5) 

0.96  (0.48,1.89) 

0.895 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

IJlIpjllllllPIpl 

j||  f  Dioxin  Category 

p-Value 

Comparison 

1,155 

Background  RH 

360 

1.04  (0.47,2.29) 

0.920 

Low  RH 

221 

0.55  (0.19,1.60) 

0.273 

High  RH 

236 

1.19(0.49,2.88) 

0.704 

Low  plus  High  RH 

457 

0.82  (0.39,1.71) 

0.594 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-13.  Analysis  of  Right  Bundle  Branch  Block  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  •  Number  (%) 

Estimated  Relative  Risk 

(95%C.I.)a  p- Value 

■j  KT hh 

1.03  (0.77,1.38)  0.845 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Adjusted  Relative  Risk 

p-Value 

817  1.02(0.69,1.50) 

6.922 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  right  bundle  branch 
block. 


/  4. 2. 2. 2. 8  Left  Bundle  Branch  Block 

The  unadjusted  and  adjusted  Model  1  analyses  of  left  bundle  branch  block  were  nonsignificant  (Table 
14-1 4(a,b) :  p>0. 1 5  for  each  contrast) . 


Table  14-14.  Analysis  of  Left  Bundle  Branch  Block 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


;  1  ^  1 

1 H '  Est  Relatiye  Risk  f  p 

■liMiiii 

All 

Ranch  Hand 

859 

5(0.6) 

0.60  (0.21,1.70) 

0.317 

Comparison 

1,232 

12  (1.0) 

Officer 

Ranch  Hand 

334 

2  (0.6) 

0.48  (0.10,2.39) 

0.370 

Comparison 

484 

6(1.2) 

Enlisted  Flyer 

Ranch  Hand 

149 

1  (0.7) 

_ 

0.91  la 

Comparison 

186 

0  (0.0) 

Enlisted 

Ranch  Hand 

376 

2(0.5) 

0.50  (0.10,2.47) 

0.391 

Groundcrew 

Comparison 

562 

6(1.1) 

P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  left  bundle  branch  block. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 
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Table  14-14.  Analysis  of  Left  Bundle  Branch  Block  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category 

(95%  C.L)  ■ 

p-Value 

All 

0.47(0.15,1.50) 

0.182 

Officer 

0.21  (0.02,1.76) 

0.150 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

0.56(0.11,2.83) 

0.479 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

4*  Analysis  Results.for  Log2  (Initial  Dioxin)8  *  'j  j 

Initial  Number  (%) 

Dioxin  /  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  155  1(0.6) 

Medium  161  0(0.0) 

High  160  0(0.0) 

0.21  (0.01,6.22) 

0.213 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

'Tv  1 1 8  ;.’>v  I !  in  *j  \  j 

Adjusted  Relative  Risk 
n  (95%  CX) 

p-Value 

Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  a  left  bundle  branch  block. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  UNADJUSTED 


Number  (%)  Est  Relative  Risk 


1 1  f|  Dioxin  Category 

■  n  PMS 

Yes 

(95%C.I.Ph 

HI  |  p-ValuC  ||| 

Comparison 

1,195 

12  (1.0) 

Background  RH 

376 

4(1.1) 

1.17(0.37,3.68) 

0.792 

Low  RH 

233 

0.42  (0.05,3.23) 

0.403 

High  RH 

243 

— 

0.237c 

Low  plus  High  RH 

476 

— 

0.1 74c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  left  bundle  branch  block. 

~:  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-14.  Analysis  of  Left  Bundle  Branch  Block  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -ADJUSTED 


®j!i|:Adjui5ted:Relative:jRisk 1 ;i 
(95%  C.I.)a 

p- Value 

Comparison 

1,155 

Background  RH 

360 

0.87  (0.23,3.33) 

0.838 

Low  RH 

221 

0.37  (0.05,2.91) 

0.341 

High  RH 

236 

— 

— 

Low  plus  High  RH 

457 

— 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  a  left  bundle  branch  block. 


O-i  MODKI.  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

]b j  Analysis  Results  for  Log2  (1987  Dioxin  + 1)- &  ]|jf  * 

1987  Number  (%) 

Dioxin  '  n  "  Yes 

Low  284  1  (0.4) 

Medium  281  4(1.4) 

High  287  0  (0.0) 

0.69  (0.35,1.36)  0.271 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(b)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED  |J  rr;‘ 

_ 823 _ 0.56  (0.23,1.39) _  0.199 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  diabetic  class  because  of  the  sparse  number  of  participants  with  a  left 
bundle  branch  block. 


The  unadjusted  Model  2  analysis  showed  no  significant  association  between  left  bundle  branch  block  and 
initial  dioxin  (Table  14- 14(c):  p=0.213).  Because  of  a  sparse  number  of  Ranch  Hands  with  a  left  bundle 
branch  block,  the  adjusted  Model  2  analysis  was  not  performed. 

All  unadjusted  and  adjusted  Model  3  and  4  analyses  were  nonsignificant  (Table  14-14(e-h):  p>0.17  for 
each  analysis). 
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1 4. 2. 2. 2. 9  Non-Specific  ST -  and  T -  Wave  Changes 

All  unadjusted  and  adjusted  analyses  of  non-specific  ST-  and  T-wave  changes  were  nonsignificant  (Table 
14-15(a-h):  p>0.18  for  each  analysis). 


Table  14-15.  Analysis  of  Non-Specific  ST- 

and  T-Wave  Changes 

RANCH  HANDS  VS.  COMP  ARISONS  -  UNADJUSTED 

ilBfiSliilSJUl 

/  Yes 

Est  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

859 

160  (18.6) 

1.04(0.83,1.30) 

0.724 

Comparison 

1,232 

222  (18.0) 

Officer 

Ranch  Hand 

334 

70  (21.0) 

1.09  (0.77,1.53) 

0.641 

Comparison 

484 

95  (19.6) 

Enlisted  Flyer 

Ranch  Hand 

149 

33  (22.1) 

1.27  (0.74,2.17) 

0.380 

Comparison 

186 

34(18.3) 

Enlisted 

Ranch  Hand 

376 

57  (15.2) 

0.90  (0.63,1.29) 

0.570 

Groundcrew 

Comparison 

562 

93  (16.5) 

:  (b);M6i^;fc 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

‘m; |tep S  r 

M  J: r  Adjusted  Relative  Risk 

(95%  C.I.) 

All 

1.00  (0.79,1.27) 

0.984 

Officer 

1.03  (0.71,1.48) 

0.882 

Enlisted  Flyer 

1.22  (0.69,2.14) 

0.495 

Enlisted  Groundcrew 

0.88  (0.60,1.29) 

0.517 

(c)  MODEL  2:  RANCH  HANDS  -INITIAL  DIOXIN -  UNADJUSTED 

jfjf||j  ImtialDioxinCategory  Summary  Statistics  |||i|| 

Vjj  Analysis  Results  for,  Log2  (Iintial Dioxin)*  ' 

.Initial  Number  (%) 

Dioxin  :  n  Yes  ' 

;:^^E^mated'R^atiye:Risk':  •  • 

(95%  C.I.)b  p- Value 

Low  155  32  (20.6) 

Medium  161  34  (21.1) 

High  160  31  (19.4) 

0.91  (0.76,1.08)  6.280 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


MODEL  2:  RANCH  HANDS -  INITIAL  DIQXIN  -  ADJUSTED 

■  ■  ■  ■ 

Adjusted  Relative  Risk 

»  (95  %€.!.)“  p-Value  : 

457 _ 1.15  (0.91,1.44) _  0.237 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  14-15.  Analysis  of  Non-Specific  ST-  and  T-Wave  Changes  (Continued) 


(e)  MODEL f:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Est.  Relative  Risk 

Dioxin  Category 

3;  UfSffi 

Yes  .  (95%  C.I.)ab 

p-Value 

Comparison 

1,195 

218  (18.2) 

Background  RH 

376 

59(15.7)  0.91  (0.66,1.25) 

0.545 

Low  RH 

233 

47(20.2)  1.12(0.78,1.59) 

0.537 

High  RH 

243 

50(20.6)  1.08(0.76,1.52) 

0.677 

Low  plus  High  RH 

476 

97(20.4)  1.10(0.84,1.44) 

0.502 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)MODEL3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category 

gjgggjjl^j':  ti‘/u  \ 

(95%  C.I.)a 

IHiilHl! ! Illlllil 

Comparison 

1,155 

Background  RH 

360 

0.82  (0.58,1.15) 

0.242 

Low  RH 

221 

0.91  (0.62,1.32) 

High  RH 

236 

1.26(0.86,1.84) 

0.238 

Low  plus  High  RH 

457 

1.07  (0.80,1.43) 

0.628 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  Ih<S7  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

{j|§j  |||  Analysis  Results  for  Log2  (1987  Dioxin  |§|§1 |||  |J\|  ]| 

_  j§  f  Dioxin  H||j 

(95%  C.I.)a  p- Value 

Low  284  43(15.1) 

Medium  281  52(18.5) 

High  287  61  (21.3) 

1.06(0.94,1.19)  0.361 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


14-51 


Table  14-15.  Analysis  of  Non-Specific  ST-  and  T-Wave  Changes  (Continued) 


(h)  MpP^I|  4f  MNCH  HANDS  - 1987  DIOXIN  ®  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 


p- Value 


817 


1.12(0.95,1.32) 


0.180 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


1 4.2. 2.2. 10  Bradycardia 

The  Model  1  and  2  analyses  of  bradycardia  did  not  show  a  significant  association  with  dioxin  in  either  the 
unadjusted  or  adjusted  analysis  (Table  14-16(a-d):  p>0.12  for  each  analysis). 


Table  14-16.  Analysis  of  Bradycardia 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


HsllMttSliBl 

liiiBliS 

.  Yes’  .  ' 

Est  Relative  Risk  %  1  - 

IllSIliiiiRMilllBi 

iisftiliii 

All 

Ranch  Hand 

859 

24(2.8) 

0.69  (0.42,1.14) 

0.142 

Comparison 

1,232 

49  (4.0) 

Officer 

Ranch  Hand 

334 

15  (4.5) 

0.69  (0.36,1.29) 

0.245 

Comparison 

484 

31  (6.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

5  (3.4) 

1.26  (0.36,4.43) 

0.722 

Comparison 

186 

5  (2.7) 

Enlisted 

Ranch  Hand 

376 

4(1.1) 

0.45  (0.15,1.40) 

0.170 

Groundcrew 

Comparison 

562 

13  (2.3) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


All 

0.69  (0.41,1.16) 

Officer 

0.74  (0.38,1.42) 

Enlisted  Flyer 

1.14(0.32,4.09) 

Enlisted  Groundcrew 

0.36(0.10,1.30) 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  \n:  .:  /  -  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

0.86(0.44,1.65)  0.631 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-16. 

Analysis  of  Bradycardia  (Continued) 

(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

llilfilllilii 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p- Value 

466 

0.98  (0.44,2.22) 

6.971 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  diabetic  class,  and  family  history  of  heart  disease  before  age  45  because  of 
the  sparse  number  of  Ranch  Hands  with  bradycardia. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Number  (%) 

Est.  Relative  Risk 

Yes 

(95%  C,I.)ab  :  ;  .y  / 

lllllll::  p- Value  | HU 

Comparison 

1,195 

47  (3.9) 

Background  RH 

376 

16  (4.3) 

0.95  (0.53,1.71) 

0.867 

Low  RH 

233 

5  (2.1) 

0.55  (0.21,1.39) 

High  RH 

243 

2  (0.8) 

0.23  (0.05,0.95) 

Low  plus  High  RH 

476 

7(1.5) 

0.35  (0.14,0.85) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Ad  justed  Relative  Risk  - : 

f|J§jg  DioxinCategory 

p- Value 

Comparison 

1,155 

Background  RH 

360 

0.81  (0.44,1.49) 

0.497 

Low  RH 

221 

0.49(0.17,1.40) 

0.183 

High  RH 

236 

0.35(0.08,1.50) 

0.156 

Low  plus  High  RH 

457 

0.41  (0.16,1.05) 

0.062 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-16.  Analysis  of  Bradycardia  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%C.I.)a  p- Value 

0.77(0.56,1.05)  0.084 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN -ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin +1) 

Adjusted  Relative  Risk 

n  ;  (95%C.I.)a 

1  p-JVaJue  miiftlii! 

828  0.98  (0.65,1.49) 

0.932 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  family  history  of  heart  disease  before  age  45  because  of  the  sparse  number  of 
Ranch  Hands  with  bradycardia. 


The  unadjusted  Model  3  analysis  of  bradycardia  revealed  two  significant  contrasts:  Ranch  Hands  in  the 
high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus 
Comparisons  (Table  14-16(e):  Est.  RR=0.23,  p=0.042;  Est.  RR=0.35,  p=0.020,  respectively).  The 
percentage  of  participants  with  bradycardia  was  higher  for  Comparisons  (3.9%)  than  for  Ranch  Hands  in 
the  high  dioxin  category  (0.8%)  or  Ranch  Hands  in  the  low  plus  high  dioxin  category  (1.5%).  After 
covariate  adjustment,  there  was  a  marginally  significant  difference  between  Ranch  Hands  in  the  low  plus 
high  dioxin  category  and  Comparisons  (Table  14-16(f):  Adj.  RR=0.41,  p=0.062). 

The  unadjusted  Model  4  analysis  of  bradycardia  revealed  a  marginally  significant  inverse  association 
between  bradycardia  and  1987  dioxin  (Table  14- 16(g):  Est.  RR=0.77,  p=0.084).  The  percentages  of 
participants  with  bradycardia  in  the  low,  medium,  and  high  1987  dioxin  categories  were  3.9,  3.2,  and  1.0, 
respectively.  After  covariate  adjustment,  the  results  became  nonsignificant  (Table  14-16(h):  p=0.932). 

14.2.2.2.11  Tachycardia 

The  unadjusted  and  adjusted  Model  1  analyses  of  tachycardia  were  nonsignificant  (Table  14-17(a,b): 
p>0. 12  for  each  contrast). 
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Table  14-17.  Analysis  of  Tachycardia 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


1^1 

Number  (%) 

Yes 

Sil| 

tlililiitilis  ifi 

p- Value 

AU 

Ranch  Hand 

859 

6(0.7) 

2.16  (0.61, 768) 

0.228 

Comparison 

1,232 

4(0.3) 

Officer 

Ranch  Hand 

334 

1  (0.3) 

1.45  (0.09,23.27) 

0.793 

Comparison 

484 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

149 

3  (2.0) 

— 

0.1 74a 

Comparison 

186 

0  (0.0) 

Enlisted 

Ranch  Hand 

376 

2(0.5) 

1.00  (0.17,5.99) 

0.997 

Groundcrew 

Comparison 

562 

3  (0.5) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  tachycardia. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  tachycardia. 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 

AU 

2.94(0.69,12.51) 

0.129 

Officer 

_ 

_ 

Enlisted  Flyer 

__ 

— 

Enlisted  Groundcrew 

1.54(0.19,12.63) 

0.685 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  tachycardia. 

Note:  Results  are  not  adjusted  for  family  history  of  heart  disease  because  of  the  sparse  number  of  participants  with 
tachycardia. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

(  fS|  1 |l§  |f  |  f 

•  ‘  *  •<  '  •  *•'  ■ ..  .  >  .  -  *<>>.■  •' 

r  (95%  cu.)"  p-vaiuc : . 

Low  155  0  (0.0) 

Medium  161  1  (0.6) 

High  160  3  (1.9) 

1.38(0.72,2.68)  0.340 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-17.  Analysis  of  Tachycardia  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

'  ' ;  '  '  n  ■ 

*  \$V  •  -  Analysis  Results  for  Log2  (Initial  Dioxin)  (  ,  '  >  '  *  <  <  s 

Adjusted  Relative  Risk 

(95%  CX)  p- Value 

- 

- 

— :  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  tachycardia. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

JUST®  j | |f  ||jj 

Yes 

4^,  Est.  Relative  Risk  S  '' 

IH  (95%  at)*  jjlfg 

p-Value 

Comparison 

1,195 

Background  RH 

376 

1  (0.3) 

1.33  (0.14,13.00) 

0.806 

Low  RH 

233 

0  (0.0) 

— 

0.999c 

High  RH 

243 

4(1.6) 

5.30(1.15,24.53) 

0.033 

Low  plus  High  RH 

476 

4  (0.8) 

- 

0.206c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  tachycardia. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  tachycardia. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


j ;g|  | 5  Dioxin  Category  >  g|  j§§g 

:  n 

Adjusted  Relative  Risk 
(95%CX)a  ■ 

Comparison 

1,155 

Background  RH 

360 

2.01  (0.16,24.61) 

0.585 

Low  RH 

221 

_ 

„ 

High  RH 

236 

8.10(1.19,55.01) 

0.032 

Low  plus  High  RH 

457 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  tachycardia. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  family  history  of  heart  disease  because  of  the  sparse  number  of  participants  with 
tachycardia. 
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Table  14-17.  Analysis  of  Tachycardia  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1 1 § 1 .  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  j|  f  |fj|  || 

1987  Number  (%)  : 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  284  1  (0.4) 

Medium  281  0  (0.0) 

High  287  4(1.4) 

1.56(0.92,2.63)  0.111 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

.  ' v ■' ;  ! ' 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

iillliifiiiil! 

(95%  C.I.)a 

p-Value 

825 

1.55  (0.85,2.84) 

0.165 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  occupation,  current  alcohol  use,  personality  type,  family  history  of  heart  disease, 
and  diabetic  class  because  of  the  sparse  number  of  participants  with  tachycardia. 


The  unadjusted  Model  2  analysis  showed  no  significant  association  between  tachycardia  and  initial  dioxin 
(Table  14-17(c):  p=0.340).  Because  of  a  sparse  number  of  Ranch  Hands  with  tachycardia,  the  adjusted 
Model  2  analysis  was  not  performed. 

The  unadjusted  and  adjusted  Model  3  analyses  each  showed  a  significant  difference  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons  (Table  14-17(e,f):  Est.  RR=5.30,  p=0.033; 

Adj.  RR=8.10,  p=0.032,  respectively).  The  percentage  of  participants  with  tachycardia  for  Ranch  Hands 
in  the  high  dioxin  categories  was  1.6  versus  0.3  percent  for  Comparisons. 

The  unadjusted  and  adjusted  Model  4  analyses  were  nonsignificant  (Table  14-17(g,h):  p>0.1 1  for  each 
analysis). 

14.2.2.2.12  Arrhythmia 

All  unadjusted  and  adjusted  analyses  of  arrhythmia  were  nonsignificant  (Table  14-18(a-h):  p>0.1 1  for 
each  analysis). 
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Table  14-18.  Analysis  of  Arrhythmia 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  {% 

*  '  5  ]  t;  - 1 ,  'YeSj  \v 

•)  1  ?  1  Est  Relative  Risk  1  |  f  MI  1 1 il 

All 

Ranch  Hand 

859 

51  (5.9) 

1.08  (0.74,1.57) 

0.686 

Comparison 

1,232 

68  (5.5) 

Officer 

Ranch  Hand 

334 

25  (7.5) 

1.49  (0.84,2.63) 

0.176 

Comparison 

484 

25  (5.2) 

Enlisted  Flyer 

Ranch  Hand 

149 

13  (8.7) 

1.39  (0.61,3.13) 

0.433 

Comparison 

186 

12  (6.5) 

Enlisted 

Ranch  Hand 

376 

13  (3.5) 

0.61  (0.32,1.19) 

0.147 

Groundcrew 

Comparison 

562 

31  (5.5) 

||jftiBpjK®BBjKP®il®l(iiSii88|li(BiS®iiwi^^Rilflil|8iili#i|!ililSII®lli 

Occupational  Category  (95%'C.I.)  p-Value 


All 

1.02  (0.69,1.52) 

0.913 

Officer 

1.39(0.75,2.55) 

0.296 

Enlisted  Flyer 

1.26  (0.54,2.97) 

0.591 

Enlisted  Groundcrew 

0.62  (0.31,1.25) 

0.180 

(e)  MODEL  2:  RANCH  HANDS  -  WITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Logs  (Initial  Dioxin)*  |  1|L  >.  * 

Initial  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)6  ;  ;  (  p- Value 

Low  155  13  (8.4) 

Medium  161  11(6.8) 

High  160  8  (5.0) 

0.81  (0.60,1.10)  0.158 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


14-58 


Table  14-18.  Analysis  of  Arrhythmia  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

,  1  Est.  Relative  Risk  1 1 
(95%  CX)ab  : 

'  1  pWalue  111 

Comparison 

1,195 

65  (5.4) 

Background  RH 

376 

18  (4.8) 

0.90  (0.53,1.54) 

Low  RH 

233 

19  (8.2) 

1.54  (0.90,2.61) 

High  RH 

243 

13  (5.3) 

0.96  (0.52,1.77) 

Low  plus  High  RH 

476 

32  (6.7) 

1.21  (0.77,1.88) 

0.409 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


®  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Adjusted  Relative  Risk 

•  |  |rf  j  ■  ? 

.  (95%  C.I.)a 

liliiiliiiiMiliii 

Comparison 

1,155 

Background  RH 

360 

0.87  (0.49,1.57) 

0.647 

Low  RH 

221 

1.17(0.65,2.11) 

0.596 

High  RH 

236 

1.10(0.57,2.12) 

0.774 

Low  plus  High  RH 

457 

1.13(0.70,1.83) 

0.604 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

-  •  i  "•  ,  s  <  V  .  > 


— — — — — ; —  — ...  .  .  .v.,;  ; —  .  .  /  ,  -  , .  ,  ... 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin +  1)  f 

1987 

Number  (%) 

|g|lj&ti mated  Relative  Risk  *, 

-  JDiOxin 

n  . 

Yes 

(95%  C.I.)8  p- Value 

Low 

284 

14  (4.9) 

0.99  (0.82,1.20)  0.932 

Medium 

281 

20  (7.1) 

High 

287 

16  (5.6) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-18.  Analysis  of  Arrhythmia  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log;,  (1987  Dio 
Adjusted  Relative  Risk 

n  .  (95%  CX)a 

I#ii|l#|lf|Ilf|lil;  p- Value  ■  illlili! 

817 _ 1.12  (0.85,1.49) _ 0.422 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.2. 13  Evidence  of  Prior  Myocardial  Infarction 

The  Model  1  unadjusted  and  adjusted  analyses  of  prior  myocardial  infarction  from  the  ECG  showed  no 
significant  group  differences  over  all  participants  or  within  each  occupational  stratum  (Table  14-19(a,b): 
p>0.64  for  each  contrast). 


Table  14-19.  Analysis  of  Evidence  of  Prior  Myocardial  Infarction 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


1  Occupational 

■■J-llpategory 

Group 

1>-  Number  (%) 

Yes 

Est.  Relative  Risk 
(95%  CX) 

If:#;  p-Value 

AU 

Ranch  Hand 

859 

34(4.0) 

0.92  (0.59,1.42) 

0.698 

Comparison 

1,232 

53  (4.3) 

Officer 

Ranch  Hand 

334 

15  (4.5) 

0.94  (0.48,1.83) 

0.862 

Comparison 

484 

23  (4.8) 

Enlisted  Flyer 

Ranch  Hand 

149 

7  (4.7) 

0.97  (0.35,2.67) 

0.952 

Comparison 

186 

9  (4.8) 

Enlisted 

Ranch  Hand 

376 

12  (3.2) 

0.85  (0.41,1.75) 

0.657 

Groundcrew 

Comparison 

562 

21  (3.7) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


All 

0.90  (0.56,1.43) 

Officer 

0.88  (0.43,1.78) 

Enlisted  Flyer 

1.02  (0.35,2.96) 

Enlisted  Groundcrew 

0.86  (0.40,1.85) 
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Table  14-19.  Analysis  of  Evidence  of  Prior  Myocardial  Infarction  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Initial  Number  (%) 

Dioxin  n  Yes 

\  Estimated  Relative  Risk  \  ^  t  4  .  . 

!  :  (95%  CX)6  p- Value 

Low  155  5(3.2) 

Medium  161  9  (5.6) 

High  160  7  (4.4) 

1.05(0.75,1.46)  0.793 

*  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


RANCH  HANDS -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

<£$8*5;  h  f: 

ilfil 

iiiiiiliiiii 

(95%  C.I.)a 

iiaiiiiiHiiiiSsiiiiiissMiii 

457 

1.84(1.13,2.99) 

0.012 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  evidence  of  a  prior 
myocardial  infarction. 


(e)  MODEL  3:  RANCH 

HANDS  AND  COMPARISON'S  BY  DIOXIN  CATEGORY  i  U1 

V ADJUSTED 

Number ,(%) 

Est.  Relative  Risk 

.  n  x' 

/  Yes'  ',  '; 

(95%  C.I.V"’ 

l#i||il|SiJill 

Comparison 

1,195 

53  (4.4) 

Background  RH 

376 

12  (3.2) 

0.75  (0.39,1.42) 

0.374 

Low  RH 

233 

11  (4.7) 

1.06  (0.54,2.06) 

0.867 

High  RH 

243 

10(4.1) 

0.88  (0.44,1.76) 

0.722 

Low  plus  High  RH 

476 

21  (4.4) 

0.96  (0.57,1.62) 

0.891 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  14-19.  Analysis  of  Evidence  of  Prior  Myocardial  Infarction  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

liiiiWiiiMftfs® 

‘p  V  ■  ;  Hf  •  j 

Adjusted  Relative  Risk 
(95%  C.I.)a  : 

p-Value 

Comparison 

1,155 

Background  RH 

360 

0.69  (0.34,1.37) 

0.285 

Low  RH 

221 

0.79  (0.39,1.61) 

0.524 

High  RH 

236 

1.11  (0.52,2.36) 

0.783 

Low  plus  High  RH 

457 

0.94  (0.54,1.65) 

0.841 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


— ;xjjsiAr>jusxEi>^ 

ii  ^  ^  f  i  ^  '  i  '  '‘'h  <  1  1  r  4  '“)!  J-'i  ; 

IS  Analysis  Results  for  Log2  (1987  Dioxin^!)/  JS|  V  |  § 

1987  Number  (%) 

Dioxin  n  Yes  <  ,  ; 

(95%  C.I.)a  p- Value 

1.09(0.87,1.38)  0.447 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4r  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

Adjusted  Relative  Risk 

n  ■  (95%  C.I.)a  VV',.,  .  / 

v&Bi  ■■■ ...  p-Vaiufe ' 

817  1.33(0.95,1.87) 

0.089 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  revealed  no  significant  association  between  initial  dioxin  and  prior 
myocardial  infarction  (Table  14- 19(c):  p=0.793).  After  adjusting  for  covariates,  the  results  became 
significant  (Table  14- 19(d):  Adj.  RR=1.84,  p=0.012).  The  percentages  of  participants  with  evidence  of 
prior  myocardial  infarction  in  the  low,  medium,  and  high  initial  dioxin  categories  were  3.2,  5.6,  and  4.4, 
respectively. 

The  unadjusted  and  adjusted  Model  3  analyses  of  prior  myocardial  infarction  did  not  show  any  of  the 
Ranch  Hand  categories  to  be  significantly  different  from  the  Comparisons  (Table  14-19(e,f):  p>0.28  for 
each  contrast). 
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The  unadjusted  Model  4  analysis  revealed  no  significant  association  between  1987  dioxin  and  evidence  of 
prior  myocardial  infarction  (Table  14-19(g):  p=0.447).  After  adjusting  for  covariates,  the  results  became 
marginally  significant  (Table  14-19(h):  Adj.  RR=1.33,  p=0.089).  The  percentages  of  participants  with 
evidence  of  prior  myocardial  infarction  in  the  low,  medium,  and  high  1987  dioxin  categories  were  2.5, 

4.3,  and  4.9,  respectively. 

14.2.2.2.14  ECG:  Other  Diagnoses 

The  Model  1  unadjusted  and  adjusted  analyses  of  other  ECG  diagnoses  showed  no  significant  group 
differences  over  all  participants  or  within  each  occupational  stratum  (Table  14-20(a,b):  p>0.15  for  each 
contrast). 


Table  14-20.  Analysis  of  ECG:  Other  Diagnoses 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

iiliiaiiiiiiffli 

Number  (%) 

Yes-":; . 

fill  Est.  Relative  Risk 

ill! 

All 

Ranch  Hand 

859 

3  (0.3) 

4.31  (0.45,41.55) 

0.168 

Comparison 

1,232 

1  (0.1) 

Officer 

Ranch  Hand 

334 

1  (0.3) 

— 

0.8523 

Comparison 

484 

0  (0.0) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

— 

~ 

Comparison 

186 

0  (0.0) 

Enlisted 

Ranch  Hand 

376 

2  (0.5) 

3.00  (0.27,33.20) 

0.370 

Groundcrew 

Comparison 

562 

1  (0.2) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  other  abnormal  ECG  diagnoses. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISt 

Occupational  Category  (95 

All 

4.67  (0.47,46.79) 

0.153 

Officer 

_ 

_ 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

3.29  (0.28,38.94) 

0.346 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 

Note:  Results  are  not  adjusted  for  family  history  of  heart  disease  before  age  45  and  diabetic  class  because  of  the 
sparse  number  of  participants  with  other  abnormal  ECG  diagnoses.  Results  for  all  occupations  combined  also  are 
not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 
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Table  14-20.  Analysis  of  ECG:  Other  Diagnoses  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)2 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

1.53  (0.62,3.79)  0.381 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  other  abnormal  ECG  diagnoses. 


m.  .  ■  .. 

CH  HANDS  AND 

COMPARISONS  B 

r  DIOXIN  CATEGORY’ S  UNAE 

WSRRSSSSffl 

•  n 

Nu"'*' 

(95%  C.I.)8b 

iliilia# 

Comparison 

1,195 

1  (0.1) 

Background  RH 

376 

1  (0.3) 

2.59  (0.16,41.85) 

0.503 

Low  RH 

233 

0  (0.0) 

— 

0.999c 

High  RH 

243 

2  (0.8) 

12.49(1.10,142.56) 

0.042 

Low  plus  High  RH 

476 

2(0.4) 

-- 

0.409c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  other  abnormal  ECG  diagnoses. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-20.  Analysis  of  ECG:  Other  Diagnoses  (Continued) 


(f)  MODEL  3:  RANCH  HAfJDS  ANI)  COMPARISONS  BY  DIOXIN  GATEGGRY 

-ADJUSTED 

1  m  Adjusted  Relative  Risk  1 

JfW 

p-Value 

Comparison 

1,186 

Background  RH 

368 

2.89  (0.16,52.97) 

0.474 

Low  RH 

227 

* 

__ 

High  RH 

239 

12.41  (1.00,154.15) 

0.050 

Low  plus  High  RH 

466 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  occupation,  family  history  of  heart  disease  before  age  45,  and  diabetic  class 
because  of  the  sparse  number  of  participants  with  other  abnormal  ECG  diagnoses. 


(g)  MODEI 

4:  RANCH  HANDS  -  1987  DIOXIN 

-UNADJUSTED 

illiipBittiiiaii 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logi  (1987  Dioxin  +  1) 

Number  (%) 

Estimated  Relative  Risk 

f§l||J  Dioxin 

p-Value 

Low 

Medium 

High 

284  1  (0.4) 

281  0(0.0) 

287  2  (0.7) 

1.27  (0.63,2.59) 

0.512 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

n  (95%  C.I.)a  p-Value 

834 _ 1.47(0.58,3.73) _ 0.413 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation,  current  cigarette  smoking,  family  history  of  heart  disease  before  age 
45,  and  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  other  abnormal  ECG  diagnoses. 
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The  unadjusted  Model  2  analysis  revealed  no  significant  results  (Table  14-20(c):  p=0.381).  Because  of 
the  sparse  number  of  Ranch  Hands  with  other  ECG  diagnoses,  the  adjusted  Model  2  analysis  was  not 
performed. 

The  unadjusted  and  adjusted  Model  3  analyses  each  revealed  a  significant  difference  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons  (Table  14-20(e,f):  Est.  RR=12.49,  p=0.042; 

Adj.  RR=12.41,  p=0.050,  respectively).  The  percentage  of  Ranch  Hands  in  the  high  dioxin  category  was 
0.8  versus  0.1  percent  for  the  Comparisons. 

Both  the  unadjusted  and  adjusted  Model  4  analyses  did  not  reveal  a  significant  association  between  1987 
dioxin  and  other  ECG  diagnoses  (Table  14-20(g,h):  p<0.41  for  each  analysis). 

14.2.2.3  Physical  Examination  Variables  -  Peripheral  Vascular  Function 
14. 2.2. 3. 1  Funduscopic  Examination 

The  unadjusted  and  adjusted  Model  1  analyses  of  funduscopic  examination  did  not  reveal  a  group 
difference  between  Ranch  Hands  and  Comparisons  when  all  occupations  were  combined  (Table 
14-21(a,b):  p>0.56  for  each  contrast).  Stratifying  by  occupation  revealed  a  significant  group  difference 
within  the  enlisted  groundcrew  stratum  in  both  the  unadjusted  and  adjusted  analyses  (Table  14-21(a,b): 
Est.  RR=0.62,  p=0.033;  Adj.  RR=0.62,  p=0.047,  respectively).  Ranch  Hand  enlisted  groundcrew  had 
fewer  abnormal  funduscopic  examination  results  (8.8%)  than  did  Comparison  enlisted  groundcrew 
(13.3%). 


Table  14-21.  Analysis  of  Funduscopic  Examination 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

IStSISSfl 

n  '•  ••  y 

t:iV'jNiimber 
v  }  V  Abnormal1;  %  \ 

Est  Relative  Risk  1 

iillffliiiilS 

All 

Ranch  Hand 

858 

105  (12.2) 

0.96(0.74,1.25) 

0.767 

Comparison 

1,231 

156(12.7) 

Officer 

Ranch  Hand 

333 

42  (12.6) 

1.28  (0.83,1.99) 

0.267 

Comparison 

484 

49(10.1) 

Enlisted  Flyer 

Ranch  Hand 

149 

30  (20.1) 

1.21  (0.69,2.09) 

0.508 

Comparison 

185 

32  (17.3) 

Enlisted 

Ranch  Hand 

376 

33  (8.8) 

0.62  (0.41,0.96) 

0.033 

Groundcrew 

Comparison 

562 

75  (13.3) 

(b)MObEEl: 

RANCH  HAM)§  VS.  Cb]MPA;RISONS  -  ADJUSTED 

llifllplliil 

:tfl?S^llSflSlStc3|'Reiatiye;3Rlsk  • " : 

jKTI-.  '  Occupational  Category  TV 

1  ; 

mmmmm 

All 

0.92  (0  69,1.22) 

0.562 

Officer 

1.27  (0.79,2.02) 

0.321 

Enlisted  Flyer 

1.06(0.59,1.91) 

0.852 

Enlisted  Groundcrew 

0.62  (0.39,0.99) 

0.047 
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Table  14-21.  Analysis  of  Funduscopic  Examination  (Continued) 


(e)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8  1  Hi 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  CJ.)'1  p- Value 

Low  155  20(12.9) 

Medium  161  24  (14.9) 

High  160  18(11.3) 

0.93(0.76,1.15)  0.520 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a  .  p- Value 

457 _  1.14  (0.87,1.50) _ 0,342 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANC 

H  HANDS  AND  CO 

f.;l!  >  if;  1  y 

MPARISONS  BY 

DIOXIN  CATEGORY 

<  -  UNADJUSTED  '  .  ■ 

VA:  yc 

Number  (%) 

SI  Esk  Relative  Risk  1’ 

Vv>- n  '  • 

:cV  (95%c.i.),b 

Comparison 

1,194 

149  (12.5) 

Background  RH 

375 

43(11.5) 

0.99  (0.69,1.43) 

0.963 

Low  RH 

233 

30  (12.9) 

1.02  (0.67,1.56) 

0.921 

High  RH 

243 

32  (13.2) 

0.98  (0.65,1.49) 

0.933 

Low  plus  High  RH 

476 

62  (13.0) 

1.00  (0.73,1.38) 

0.993 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-21.  Analysis  of  Funduscopic  Examination  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

n 

Vy-'i--'-  Adjusted  Relative  Risk  ^  |  i 

-i  (95%- C.I.)8  V.--V 

p-Value 

Comparison 

1,154 

Background  RH 

359 

1.04(0.70,1.55) 

0.842 

Low  RH 

221 

0.82(0.52,1.30) 

0.402 

High  RH 

236 

0.95  (0.60,1.51) 

0.836 

Low  plus  High  RH 

457 

0.89  (0.63,1.26) 

0.500 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g) MODEL 4:  RANCH  HANDS -1987 DIOXIN -UNADJUSTED 

*  |  |  /  Analysis  Results  for  Log2  (1987  Dioxin  + 1) jj  |  j f 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%C.I.)“  p-Valuc  :  V 

Low  283  30  (10.6) 

Medium  281  36(12.8) 

High  287  39  (13.6) 

1.00(0.87,1.15)  0.951 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

•  V'- Risk  ’‘M : .L-lfc 

_ n _  (95%  C.I.)a  p- Value 

~  816  1.03  (0.85,1.24)  0.767 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  and  adjusted  analyses  in  Models  2  through  4  were  nonsignificant  (Table  14-21(c-h): 
p>0.34  for  each  analysis). 

14.2.2.3.2  Carotid  Bruits 

All  Model  1  through  4  unadjusted  and  adjusted  analyses  were  nonsignificant  (Table  14-22(a-h):  p>0.21 
for  each  analysis). 
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Table  14-22.  Analysis  of  Carotid  Bruits 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

lligligiiai! 

Number  (%) 
Abnormal 

Esfc  Relative  Risk 
’/  (95%  CX) 

p- Value 

All 

Ranch  Hand 

859 

23  (2.7) 

1.00  (0.58,1.71) 

0.999 

Comparison 

1,232 

33  (2.7) 

Officer 

Ranch  Hand 

334 

6(1.8) 

0.72  (0.27,1.94) 

0.515 

Comparison 

484 

12  (2.5) 

Enlisted  Flyer 

Ranch  Hand 

149 

8  (5.4) 

2.05  (0.66,6.41) 

0.215 

Comparison 

186 

5  (2.7) 

Enlisted 

Ranch  Hand 

376 

9(2.4) 

0.84  (0.37,1.91) 

0.673 

Groundcrew 

Comparison 

562 

16(2.8) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 


All 

0.94(0.53,1.65) 

0.823 

Officer 

0.72  (0.26,1.99) 

0.524 

Enlisted  Flyer 

1.94  (0.58,6.46) 

0.283 

Enlisted  Groundcrew 

0.78  (0.33,1.86) 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

^  ; c '  l  Analysis  Results  for  Logi  (Initial  Dioxin)* 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk  J 

(95%  C.I.)b  p- Value 

1.06(0.70,1.59)  0.797 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

•  '  & 

Adjusted  Relative  Risk 
«  ■  ^  (95%  C.I.)8 

p-Value 

457  1.15(0.62,2.11) 

0.658 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  14-22.  Analysis  of  Carotid  Bruits  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

[  fill 

■  n  ' 

Est.  Relative  Risk 
;■  (95%  CX)ab 

p- Value 

Comparison 

1,195 

31  (2.6) 

Background  RH 

376 

9  (2.4) 

0.93  (0.44,1.98) 

0.853 

Low  RH 

233 

5  (2.1) 

0.82  (0.32,2.14) 

0.687 

High  RH 

243 

8  (3.3) 

1.27  (0.57,2.80) 

0.561 

Low  plus  High  RH 

476 

13  (2.7) 

1.02  (0.53,2.00) 

0.943 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <;  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

“/it  Adjusted  Relative  Risk  '  ‘ 

n  "■ 

(95%CX)a 

p-Value 

Comparison 

1,155 

Background  RH 

360 

1.06  (0.47,2.38) 

0.893 

Low  RH 

221 

0.69  (0.25,1.86) 

0.460 

High  RH 

236 

1.01  (0.41,2.45) 

0.991 

Low  plus  High  RH 

457 

0.84  (0.41,1.71) 

0.625 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


<K>  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


N  3987Pio%in  Category  Summary  Statistics 


II:  1 


, _ HR _ I 

r  c  T  Y 


::  ■; 


Low 

284 

7  (2.5) 

1.02  (0.77,1.36) 

0.897 

Medium 

281 

7  (2.5) 

High 

287 

8  (2.8) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  14-22.  Analysis  of  Carotid  Bruits  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 


p-Value 


817 


0.94  (0.65,1.36) 


0.755 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.3.3  Radial  Pulses 

The  unadjusted  and  adjusted  Model  1  analyses  of  radial  pulses  were  nonsignificant  (Table  14-23(a,b): 
p>0.11  for  each  contrast). 


Table  14-23.  Analysis  of  Radial  Pulses 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

Est  Relative  Risk  MSk i  4  ^ 

flffKfn 

Abnormal ; .  -J.  | \<tj: 

i 

All 

Ranch  Hand 

859 

7(0.8) 

2.52  (0.74,8.64) 

0.131 

Comparison 

1,232 

4(0.3) 

Officer 

Ranch  Hand 

334 

2  (0.6) 

1.45  (0.20,10.36) 

0.710 

Comparison 

484 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

149 

0  (0.0) 

_ 

_ 

Comparison 

186 

0(0.0) 

Enlisted 

Ranch  Hand 

376 

5(1.3) 

3.77  (0.73,19.55) 

0.114 

Groundcrew 

Comparison 

562 

2  (0.4) 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with 

an  abnormal  radial  pulse. 

(^MpDELl; 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

mum 

Occupational  Category 

IISIS 

wimmmmm 

All 

2.85(0.67,12.16) 

0.143 

Officer 

1.24(0.16,9.95) 

0.837 

Enlisted  Flyer 

— 

_ 

Enlisted  Groundcrew 

5.69  (0.54,60.05) 

0.148 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  radial  pulse. 

Note:  Results  for  all  occupations  combined  are  not  adjusted  for  occupation  because  of  the  sparse  number  of 
participants  with  an  abnormal  radial  pulse. 
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Table  14-23.  Analysis  of  Radial  Pulses  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial 

Number  (%) 

1  Estimated  Relative  Risk  1  jiilfift 

n  ;  ; 

Abnormal 

(95%  C.I.)b  p- Value 

Low 

155 

2(1.3) 

0.58(0.17,1.99)  0.334 

Medium 

161 

0  (0.0) 

High 

160 

1  (0.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  ADJUSTED 

:t  -  SUithyT  » rc\£  fy'(i ' ^  V>| §&&£ 

Analysis  Results  for  Log2  (Initial  Dioxin) 

wsw0mimi  ipiifcifi 

!§[}§  J  p^Vaiue  I il|  ilililil! 

- 

- 

:  Results  not  presented  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  radial  pulse. 


:  (ie) UtODEL  3:  RANCH 

HANDS  AND  ( 

COMPARISONS  BY  DI 

I*'  ’!  ml 

OXIN  CATEGOR 

Y~  UNADJUSTED 

Number  (%)  V 

Esk  Relative  Risk 

SliilllllMISlillil 

||  Dioxin  Category  1 1 

n  :  . 

(95%.C.I.)“b 

Comparison 

1,195 

4  (0.3) 

Background  RH 

376 

4(1.1) 

2.78  (0.69,11.27) 

0.153 

Low  RH 

233 

2  (0.9) 

2.64  (0.48,14.54) 

0.264 

High  RH 

243 

1  (0.4) 

1.41  (0.16,12.80) 

0.759 

Low  plus  High  RH 

476 

3  (0.6) 

1.92  (0.40,9.18) 

0.414 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-23.  Analysis  of  Radial  Pulses  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

33  ;|:ji 

Adjusted  Relative  Risk 
(95%  C.L)a 

p-Value 

Comparison 

1,155 

Background  RH 

360 

3.27  (0.64,16.71) 

0.155 

Low  RH 

221 

3.82  (0.53,27.51) 

0.183 

High  RH 

236 

1.26  (0.11,14.89) 

0.856 

Low  plus  High  RH 

457 

2.15  (0.36,13.04) 

0.404 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  an  abnormal  radial 
pulse. 


<g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

‘wmmmmiMMmmsmmmm 

1987  Number  (%) 

(95%  C.I.)8  p- Value 

Ei^— ;e— ; 

rcgPHvf  -*i  ••  .IlMi 

shU 

0.75(0.43,1.32)  0.305 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


pig  MODJEI/4t  RA^NCH  HANDS  ||  1^87  DIOXIN  -  AWUSTED^  j  jgg  ||§g|f  1 1|  JJjjfgg  |f|§  ||l  Jglgg 

.  ..  ■■  .'".'/V  '  '  : .  .V  ,,  ■  :  '  •  '  .  ..  ‘  ''57; 

817  0.61  (0.30,1.21)  0.140  ~~ 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  radial 
pulse. 


The  unadjusted  Model  2  analysis  showed  no  significant  association  between  radial  pulses  and  initial 
dioxin  (Table  14-23(c):  p=0.334).  Because  of  the  sparse  number  of  Ranch  Hands  with  abnormal  radial 
pulses,  the  adjusted  Model  2  analysis  was  not  performed. 
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All  Model  3  and  4  analyses  of  radial  pulses  were  nonsignificant  (Table  14-23(e-h):  p>0.14  for  each 
analysis). 

14.2.2.3.4  Femoral  Pulses 

The  unadjusted  Model  1  analysis  of  femoral  pulses  revealed  a  marginally  significant  overall  group 
difference  between  Ranch  Hands  and  Comparisons  (Table  14-24(a):  Est.  RR=1.83,  p=0.080).  Stratifying 
by  occupation  did  not  reveal  any  significant  difference  between  Ranch  Hands  and  Comparisons  within 
each  occupational  stratum  (Table  14-24(a):  p>0.12  for  each  contrast).  The  percentage  of  participants 
with  abnormal  femoral  pulses  was  greater  for  the  Ranch  Hands  (2.2%)  than  for  Comparisons  (1.2%).  The 
adjusted  analysis  did  not  show  a  significant  difference  between  Ranch  Hands  and  Comparisons  over  all 
occupations  or  within  each  occupational  stratum  (Table  14-24(b):  p>0.17  for  each  contrast). 


Table  14-24.  Analysis  of  Femoral  Pulses 


(a)  MODEL  l:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


■lliiilfiiiiil 

iiiiiiii 

Number  (%) 
Abnormal 

Est.  Relative  Risk 

c  |§8  {95%t:l4f:  §!fi 

1 Hlpt  il®|l(!|if{ 

All 

Ranch  Hand 

859 

19  (2.2) 

1.83  (0.93,3.63) 

0.080 

Comparison 

1,231 

15  (1.2) 

Officer 

Ranch  Hand 

334 

7  (2.1) 

1.27  (0.46,3.55) 

0.643 

Comparison 

484 

8(1.7) 

Enlisted  Flyer 

Ranch  Hand 

149 

5  (3.4) 

2.11  (0.50,8.96) 

0.313 

Comparison 

185 

3  (L6) 

Enlisted 

Ranch  Hand 

376 

7(1.9) 

2.65  (0.77,9.10) 

0.123 

Groundcrew 

Comparison 

562 

4  (0.7) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

ll  'F  Adjusted  Relative  Risk 

•  1  |  Occupational  Category 

(95%  C.I.)  V 

Value  '  A  • 

1.66(0.79,3.49)  0.178 


Officer  1.51(0.52,4.38)  0.448 

Enlisted  Flyer  1 .48  (0.27,8.02)  0.652 

Enlisted  Groundcrew _  2.08  (0.55,7.87)  0.282 


(c,  MODEL  2:  RANCH  HANDS  -  INITIAL  DiOXIN  -  UNADJUSTED 

M  1  ^^JKoxi^Categdi^Suimttai^^ta^s^s 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Initial  Number  (%) 

Dioxin  n  Abnormal 

(95%  C.I.)'  p- Value 

0.97  (0.61,1.53)  0.890 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-24.  Analysis  of  Femoral  Pulses  (Continued) 


(d)  MODEL  2: 

RA^Ctt  HAlSOS  -  INITIAL, DIQXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

ISIIllSilliBl 

:■  (95%  C.I.)a 

p-Vaiue 

457 

1.17  (0.61,2.24) 

0.641 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  femoral 
pulse. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

j|g§§|j^ 

1  •  1  it  1  :  Jswli  i I.  If  t 

Number(%)  Est.  Relative  Risklri 

i|| 

itiltliil  p*y®iue  :iii  iii 

Comparison 

1,194 

15(1.3) 

Background  RH 

376 

7(1.9)  1.39(0.56,3.45) 

0.481 

Low  RH 

233 

6(2.6)  2.10(0.81,5.48) 

0.128 

High  RH 

243 

6(2.5)  2.13(0.81,5.56) 

0.125 

Low  plus  High  RH 

476 

12(2.5)  2.11  (0.98,4.56) 

0.056 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Adjusted  Relative  Risk 

III Iff  Dioxin  Category  gg  f 

;  n  : 

,  (95%  C.I.)a 

1,154 

360 

1.22  (0.44,3.36) 

0.702 

221 

1.71  (0.58,4.98) 

0.329 

236 

2.45  (0.76,7.90) 

0.134 

457 

2.06  (0.85,4.96) 

0.108 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-24.  Analysis  of  Femoral  Pulses  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |  |  I 

Dioxin  n  Abnormal 

(95%  C.I.J*  p- Value 

Low  284  5  (1.8) 

Medium  281  5(1.8) 

High  287  9(3.1) 

1.01  (0.75,1.38)  0.927 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


t  HlliS  §§|  i  b 

KS  WM  Still* 

ililiiWiaMiilililiill 

Hilllill  P-Vaiue  • 

817 

1.29  (0.83,2.03) 

0.255 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

The  Model  2  analyses  did  not  reveal  a  significant  association  between  femoral  pulses  and  initial  dioxin  in 
either  the  unadjusted  or  adjusted  analyses  (Table  14-24(c,d):  p>0.64  for  each  analysis). 

The  unadjusted  Model  3  analysis  showed  a  marginally  significant  difference  between  Ranch  Hands  in  the 
low  plus  high  dioxin  category  and  Comparisons  (Table  14-24(e):  Est.  RR=2.1 1,  p=0.056).  The 
percentage  of  abnormal  femoral  pulses  for  Ranch  Hands  in  the  low  plus  high  dioxin  category  was  2.5 
versus  1.3  percent  for  Comparisons.  The  adjusted  analysis  did  not  find  any  contrasts  to  be  significant 
(Table  14-24(f):  p>0.10  for  each  contrast). 

The  unadjusted  and  adjusted  Model  4  analyses  did  not  show  a  significant  association  between  1987 
dioxin  and  femoral  pulses  (Table  14-24(g,h):  p>0.25  for  each  analysis). 

14.2.2.3.5  Popliteal  Pulses 

All  unadjusted  and  adjusted  Model  1  through  4  analyses  were  not  significant  (Table  14-25(a-h):  p>0.41 
for  each  analysis). 


Table  14-25.  Analysis  of  Popliteal  Pulses 

(ajMOIjELl: 

^II^JUSTED^  Jggj  J 

|  |tjf  1 

j|  If 

§  v  :$5%  ! 

All 

Ranch  Hand 

859 

23  (2.7) 

1.18(0.68,2.06) 

0.561 

Comparison 

1,230 

28  (2.3) 

Officer 

Ranch  Hand 

334 

1  (2.1) 

0.84  (0.33,2.16) 

0.717 

Comparison 

483 

12  (2.5) 

Enlisted  Flyer 

Ranch  Hand 

149 

5  (3.4) 

1.57  (0.41,5.96) 

0.506 

Comparison 

185 

4  (2.2) 

Enlisted 

Ranch  Hand 

376 

11  (2.9) 

1.38(0.60,3.16) 

0.445 

Groundcrew 

Comparison 

562 

12  (2.1) 
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Table  14-25.  Analysis  of  Popliteal  Pulses  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

>;  Occupational  Category  * 

Adjusted  Relative  Risk 

p- Value 

AU 

104(0.56,1.90) 

0.911 

Officer 

0.95  (0.35,2.52) 

0.911 

Enlisted  Flyer 

0.99  (0.21,4.82) 

0.995 

Enlisted  Groundcrew 

1.13(0.46,2.79) 

0.784 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

II!  |  Analysis  Results  for  Log2  (Initial  Dioxin)®  jgff|§ 

Dioxin  n  Abnormal 

ip  Estimated  Relative  Risk 

:  (95%  C.I.)b  ;  :  p- Value 

0.89(0.57,1.38)  0.601 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


<d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

ipi 

457 


0.97  (0.53,1.78) 


0.924 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  popliteal 
pulse. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN,  CATEGORY 

||  Dioxin  Category  f|§| 

^’•'JEst. Relative. Risk-  $ 
(95%  C.I.)ob 

S'fK 

Comparison 

1,193 

28  (2.3) 

Background  RH 

376 

9(2.4) 

0.94  (0.44,2.03) 

0.879 

Low  RH 

233 

7  (3.0) 

1.31  (0.56,3,03) 

High  RH 

243 

7  (2.9) 

1.33  (0.57,3.08) 

Low  plus  High  RH 

476 

14  (2.9) 

1.32(0.69,2.53) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-25.  Analysis  of  Popliteal  Pulses  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

f  *  /  lift  $  k 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,153 

Background  RH 

360 

0.88  (0.37,2.05) 

0.760 

Low  RH 

221 

1.15(0.45,2.92) 

High  RH 

236 

1.08  (0.40,2.86) 

Low  plus  High  RH 

457 

1.11  (0.53,2.30) 

0.781 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

| !?f f !!  1  |  Analysis  Results  for.Log2  (1987  Dioxin  +  j|J  §|j§ |l ||§l| §1 j 

1987  Number  (%) 

f >  ^  !/  >jr  ^  ’}  1  ^  3; 

.  (95%  C.I.)a  ;  ;  .  .  p-Value 

Low  284  6(2.1) 

Medium  281  7(2.5) 

High  287  10  (3.5) 

0.98(0.74,1.30)  0.891 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  : 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

:  ■  v-. -■  ■  ■  •;  ;  '  v  - n  i  v  ; ' ' I  .  b  •;  ■■ .  ■ ;  -  ; (95%  C.l.)a  .  _  p-Value 

817  1.02(0.72,1.46)  0.908 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.3.6  Dorsalis  Pedis  Pulses 

All  unadjusted  and  adjusted  analyses  of  dorsalis  pedis  pulses  were  nonsignificant  (Table  14-26(a-h): 
p>0. 1 1  for  each  analysis). 
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Table  14-26.  Analysis  of  Dorsalis  Pedis  Pulses 
(a)  MODEL  1:  RANCH  HANDS  VS  COMPARISONS  -  UNADJUSTED 


Occupational 

Group 

|  §S|f§f  Abnormal^ 

Est.  Relative  Risk 

gff!  1  1 1| 

p-Value 

All 

Ranch  Band 

859 

69  (8.0) 

1.04(0.76,1.44) 

0.796 

Comparison 

1,230 

95  (7.7) 

Officer 

Ranch  Hand 

334 

21  (8.1) 

1.24  (0.73,2.11) 

0.429 

Comparison 

483 

32  (6.6) 

Enlisted  Flyer 

Ranch  Hand 

149 

18(12.1) 

1.36(0.67,2.74) 

0.392 

Comparison 

185 

17  (9.2) 

Enlisted 

Ranch  Hand 

376 

24  (6.4) 

0.76  (0.46,1.28) 

0.305 

Groundcrew 

Comparison 

562 

46  (8.2) 

(b)  AtODEL|l|  VS,  ^OM^IOSONS^^'ADJUSTED; 


^/Adjusted  Relative  Risk 


:  ~  j  O^cup^tid^af  Caleg4%f  1'  / ;  ^  * 

1  lilt!  *  1 1  -  p- Value 

All 

0.97(0.69,1.37) 

0.857 

Officer 

1.27  (0.73,2.22) 

0.398 

Enlisted  Flyer 

1.33  (0.62,2.86) 

Enlisted  Groundcrew 

0.64  (0.37,1.12) 

k  )  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

HMf  Summary  Statistics  v  f  • 

Analysis  Results  for  Log2  {Initial  Dio^iia)|''j5!|  'C 

Initial  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

0.90  (0.69,1.17)  0.417 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


IB 

>S  -  INITIAL  DIOXIN  -  ADJUSTEE 

Analysis  Results  for  Log>  (Initial  Dio 

xin) 

Vcr.st  [Rif  Rik 

.  p- Value  v 

457 

1.11(0.78,1.57) 

0.561 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  14-26.  Analysis  of  Dorsalis  Pedis  Pulses  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Number  (%)  Est.  Relative  Risk 

Dioxin  Category  n  Abnormal  (95%  C.I.)ab  p-Value 


Comparison 

1,193 

95  (8.0) 

Background  RH 

376 

29  (7.7) 

0.91  (0.59,1.40) 

0.664 

Low  RH 

233 

22  (9.4) 

1.22  (0.75,1.98) 

0.429 

High  RH 

243 

18  (7.4) 

0.98  (0.58,1.65) 

0.931 

Low  plus  High  RH 

476 

40  (8.4) 

1.09  (0.74,1.61) 

0.670 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

lilllilBiiiiil 

(95%  C.I.)a  . 

UlSSHBiillllSSSlilS 

Comparison 

1,153 

Background  RH 

360 

0.94  (0.59,1.50) 

0.792 

Low  RH 

221 

0.99(0.58,1.70) 

0.977 

High  RH 

236 

0.89(0.50,1.58) 

0.685 

Low  plus  High  RH 

457 

0.94  (0.61,1.43) 

0.761 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

;  |g  1987  Dioxin  Category  Summary  Statistics  '  ' 

I®  Results  for  Loga  (1987  Dioxin  + 1)  U§  jj|j|  1 1 

IPPffii  -'.A 

Low  284  21  (7.4) 

Medium  281  25(8.9) 

High  287  23  (8.0) 

0.99  (0.84,1.17)  0.913 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-26.  Analysis  of  Dorsalis  Pedis  Pulses  (Continued) 


(h)  MODEL  4;  RANCH  HANDS  -1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Adjusted  Relative  Risk 


n 

(95%  C,I.)a 

p- Value 

817 

1.07  (0.85,1.33) 

0.580 

Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

14.2.2.3.7  Posterior  Tibial  Pulses 

All  unadjusted  and  adjusted  Models  1  through  4  analyses  of  posterior  tibial  pulses  were  nonsignificant 
(Table  14-27(a-h):  p>0.11  for  each  analysis). 


Table  14-27.  Analysis  of  Posterior  Tibial  Pulses 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

n 

Number  (%)  j 
Abnormal 

Est  Relative  Risk  > 

HI  i  p-Value  J 

All 

Ranch  Hand 

859 

58  (6.8) 

1.32  (0.91,1.90) 

0.142 

Comparison 

1,228 

64(5.2) 

Officer 

Ranch  Hand 

334 

22  (6.6) 

1.41  (0.77,2.57) 

0.263 

Comparison 

483 

23  (4.8) 

Enlisted  Flyer 

Ranch  Hand 

149 

14  (9.4) 

1.36  (0.62,2.98) 

0.449 

Comparison 

183 

13(7.1) 

Enlisted 

Ranch  Hand 

376 

22  (5.9) 

1.19(0.67,2.10) 

0.562 

Groundcrew 

Comparison 

562 

28  (5.0) 

RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

I  1 1  i  Adjusted  Relative  Risk 

g§f|  |1  Occupational  Category 

Hiliill! 

,  (95%c.i.)  ; 

All 

L25  (0.84,1.86) 

0.280 

Officer 

1.40  (0.73,2.68) 

Enlisted  Flyer 

1.17  (0.49,2.78) 

0.724 

Enlisted  Groundcrew 

1.16(0.62,2.16) 

0.649 

(0  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNA 

DJUSTED 

|  SunfinaVy Statis|l^s';;5 IjfJ 

““  . 

s 

Low  155  9  (5.8) 

Medium  161  15  (9.3) 

High  160  10  (6.3) 

1.01  (0.77,1.33)  0.925 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-27.  Analysis  of  Posterior  Tibial  Pulses  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  , 

(95%  C.I.)a 

i  iff  p- Value  Hill  ft  ||!  §fi 

457 

1.16(0.81,1.65) 

0.417 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

t|l!|  Est.  Relative  Ri$fci 
'  (95%C.i.)ab 

p-Value 

Comparison 

1,191 

63  (5.3) 

Background  RH 

376 

22  (5.9) 

1.04  (0.63,1.73) 

0.865 

Low  RH 

233 

18(7.7) 

1.52(0.88,2.61) 

High  RH 

243 

16  (6.6) 

1.34  (0.76,2.36) 

Low  plus  High  RH 

476 

34  (7.1) 

1.42  (0.92,2.19) 

0.113 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  ANT)  COMPARISONS  BY  DIOXIN  CATEGORY 

f.'ii  ^  A-  .N:- \o.v  a-v  .r  r  v^.  >y  \  -u-  ^  y  . 

if 

lillliiilUIII 

p-Value 

Comparison 

1,151 

Background  RH 

360 

1.08  (0.62,1.89) 

0.784 

Low  RH 

221 

1.31  (0.71,2.39) 

0.387 

High  RH 

236 

1.21  (0.63,2.30) 

Low  plus  High  RH 

457 

1.25  (0.77,2.03) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  14-27.  Analysis  of  Posterior  Tibia I  Pulses  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  - 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

1.03(0.86,1.24)  0.746 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


B8iipfPl©p8-  Adjusted  Relative  Risk  ;  !C  £  <^rx  ^  1 

;  ■  (95%  C.I.)a 

i;|i|  p-Value  1  ||l|Jfl  J IflBISifl 

817 

1.12(0.88,1.43) 

0.354 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.3.8  Leg  Pulses 

Leg  pulses  were  not  significantly  associated  with  dioxin  in  any  of  the  unadjusted  and  adjusted  Models  1 
through  4  analyses  (Table  14-28(a-h):  p>0.15  for  each  analysis). 


Table  14-28.  Analysis  of  Leg  Pulses 

•;(a)^I<0j)EL:i:: 

RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 

JrJ^cup&tibnaf  : 

[Hfj  j 

if  Bst  Relative  Risk  fe| 

p- Value 

AU 

Ranch  Hand 

859 

94(10.9) 

1.10  ( 0.83,1.47 ) 

0.496 

Comparison 

1,228 

123  (10.0) 

Officer 

Ranch  Hand 

334 

36  (10.8) 

1.34  (0.83,2.15) 

0.228 

Comparison 

483 

40  (8.3) 

Enlisted  Flyer 

Ranch  Hand 

149 

25  (16.8) 

1.48  (0.79,2.74) 

0.218 

Comparison 

183 

22  (12.0) 

Enlisted 

Ranch  Hand 

376 

33  (8.8) 

0.79  (0.51,1.23) 

0.300 

Groundcrew 

Comparison 

562 

61  (10.9) 
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Table  14-28.  Analysis  of  Leg  Pulses  ( Continued ) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

:  (95% C.I.)  ■ 

p- Value 

AU 

1.03  (0.76,1.40) 

0.850 

Officer 

1.30  (0.79,2.16) 

0.306 

Enlisted  Flyer 

1.46  (0.74,2.88) 

0.270 

Enlisted  Groundcrew 

0.71  (0.44,1.14) 

0.158 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  UNADJUSTED 

{ |  Analysis  Results  for  Log2  (Initial  Dioxin)8  gj  jff| 

Abnoir  mal ; : ; 

Estimated  Relative  Risk  ’  ^ H ^ :  ?  -i  i ^  <||||||^'! 

(95%cj.)b  ■; PA6Uue 

Low  155  15  (9.7) 

Medium  161  22  (13.7) 

High  160  16  (10.0) 

0.96(0.77,1.20)  0.739 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(tl)  MODEL  2:  RANCH  HANIi 

>S  -  INITIAL  DIOXIN  ADJUSTED 

'  mm  mm,  ± 

Analysis  Results  for  Ix»g2  (Initial  Dioxin) 

«VS  Adjusted  Relative  Risk  SS  jj  s  >  ^  1  J  * 

(95%  C.I.)a 

p- Value 

457 

1.13(0.84,1.51) 

0.433 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Dioxiri  Category  g’g 

g|§§§g&:f^ 

•  Number  (%). 

JEst.  Relative  Risk  ‘j. 
(95%  CX)ab: 

S  X'rf i !  x  % 

Comparison 

1,191 

122(10.2) 

Background  RH 

376 

39  (10.4) 

0.95  (0.65,1.40) 

0.812 

Low  RH 

233 

29  (12.4) 

1.26  (0.82,1.94) 

0.298 

High  RH 

243 

24  (9.9) 

1.01  (0.64,1.61) 

0.957 

Low  plus  High  RH 

476 

53  (11.1) 

1.13  (0.80,1.59) 

0.498 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-28.  Analysis  of  Leg  Pulses  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

Comparison 

1,151 

Background  RH 

360 

1.01  (0.66,1.53) 

Low  RH 

221 

1.01  (0.63,1.64) 

High  RH 

236 

0.91(0.54,1.53) 

Low  plus  High  RH 

457 

0.96  (0.66,1.40) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


itii  MODEL  4:  RANCH  HANDS  -  198?  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Jl If  ||§  Analysis  Resultsfor  Log2  (1987  Dioxin  fjfjjj 

1987  Number  (%) 

Low  284  30  (10.6) 

Medium  281  31(11.0) 

High  287  31  (10.8) 

1.00(0.87,1.16)  0.956 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  lyropEL  4%  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


,n 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 


p-Value 


817 


1.08  (0.88,1.31) 


0.467 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.2.3.9  Peripheral  Pulses 

All  unadjusted  and  adjusted  analyses  in  Models  1  through  4  were  nonsignificant  (Table  14-29(a-h): 
p>0.21  for  each  analysis). 
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Table  14-29.  Analysis  of  Peripheral  Pulses 

|i|pii)p}l| 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Number  (%) 
m  iSj  Abnormal 

Est  Relative  Risk 

(95# c.i5%p 

p-Value 

AU 

Ranch  Hand 

859 

97(11.3) 

1.11  (0.84,1.47) 

0.454 

Comparison 

1,228 

126  (10.3) 

Officer 

Ranch  Hand 

334 

37(11.1) 

1.31  (0.82,2.08) 

0.258 

Comparison 

483 

42  (8.7) 

Enlisted  Flyer 

Ranch  Hand 

149 

25  (16.8) 

1.48  (0.79,2.74) 

0.218 

Comparison 

183 

22(12.0) 

Enlisted 

Ranch  Hand 

376 

35  (9.3) 

0.83  (0.53,1.28) 

0.396 

Groundcrew 

Comparison 

562 

62(11.0) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  ADJUSTED 

ililtfll  Adjusted  Relative  Risk 

:  *  5 & ;  jfj  ‘Jo  :'h §8  | 

lllill  Occupational  Categbry 

p- Value 

All 

1.05  (0.77,1.42) 

0.761 

Officer 

1.27  (0.77,2.09) 

0.353 

Enlisted  Flyer 

1.48  (0.75,2.92) 

0.260 

Enlisted  Groundcrew 

0.75  (0.47,1.21) 

0.242 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Number  (%) 

Estimated  Relative  Risk  ’1 

Abnormal  1  j'%1 

(95%  CX)”  :  > 

Hi!  ,  p-Value  g® 

Low 

155 

16(10.3) 

0.96  (0.77,1.19) 

Medium 

161 

22(13.7) 

High 

160 

17  (10.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d.MOOELZ:  E, 

INCH  HANDS  -  W1TIAL  D.OX1N  -  ADJUSTED 

i  -•  ••  •'  • 

(TnilialDioxin)  ^ 

Adjusted  Relative  Risk 

457 

1.06  (0.79,1.41) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  14-29.  Analysis  of  Peripheral  Pulses  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Number  (%)  Est  Relative  Risk 

lift  Dioxin  Category  |l|i 

Abnormal  (95%  C.I.)ab 

.  -  p-ValiMflJ|jJ 

Comparison 

1,191 

125  (10.5) 

Background  RH 

376 

40(10.6)  0.95(0.65,1.39) 

0.797 

Low  RH 

233 

30(12.9)  1.27(0.83,1.95) 

0.266 

High  RH 

243 

25(10.3)  1.04(0.66,1.63) 

0.880 

Low  plus  High  RH 

476 

55(11.6)  1.15(0.82,1.61) 

0.431 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-AftJBSTOD  1 1 1||| 

Adjusted  Relative  Risk 

iltellllllr  ;!jf| » 

(95%  C.I.)8  ; 

Comparison 

1,151 

Background  RH 

360 

1.00  (0.66,1.52) 

0.997 

Low  RH 

221 

1.05(0.65,1.70) 

0.833 

High  RH 

236 

0.94  (0.57,1.57) 

0.828 

Low  plus  High  RH 

457 

1.00  (0.68,1.45) 

0.981 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(gVMODEL  4: f  I  g 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Number  (%) 

Estimated  Relative  Risk  Sfl ill  1 f‘  lpj  1 1 

Low  284  31  (10.9) 

Medium  281  32(11.4) 

High  287  32(11.1) 

1.00(0.86,1.15)  0.972 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  14-29.  Analysis  of  Peripheral  Pulses  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

t  Adjusted  Relative  Risk  '  « 
•  '  (95%  C.I.)* 


iiiil 


817 


1.07  (0.88,1.30) 


0.485 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


142.23.10  ICVI  Index 

The  analysis  of  ICVI  index  did  not  show  any  significant  associations  with  dioxin  (Table  14-30(a-h): 
p>0. 1 1  for  each  analysis). 


Table  14-30.  Analysis  of  ICVI  Index 


ffjlPPfeDfiy 

mmmm 

l*l*I 

Number  (%)  ' 

jjp  ilAbndtji^  iftll' 

Est  Relative  Risk  flit 

p- Value 

All 

Ranch  Hand 

858 

33  (3.8) 

1.06(0.67,1.67) 

0.819 

Comparison 

1,232 

45(3.7) 

Officer 

Ranch  Hand 

334 

13  (3.9) 

1.27  (0.59,2.70) 

0.541 

Comparison 

484 

15  (3.1) 

Enlisted  Flyer 

Ranch  Hand 

149 

7  (4.7) 

0.71  (0.27,1.86) 

0.492 

Comparison 

186 

12  (6.5) 

Enlisted 

Ranch  Hand 

375 

13  (3.5) 

1.09  (0.53,2.24) 

0.825 

Groundcrew 

Comparison 

562 

18  (3.2) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

i  t  Ilf  *■'.  jVk  s',  t  d&l  f  !p>  "W  Vv  k ] 

1  Adjusted'Kelative  Risk 

iliiiliiillii 

|jg||  "  Occupational  Category 

All 

0.99  (0.61,1.60) 

0.958 

Officer 

1.25  (0.57,2.70) 

0.577 

Enlisted  Flyer 

0.50  (0.17,1.51) 

0.218 

Enlisted  Groundcrew 

1.12(0.53,2.39) 

0.764 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxinf 

Initial 

Number  (%) 

Estimated  Relative  Risk 

Dioxin 

Abnormal  % 

(95%  C.I.)b 

p-Value 

Low 

155 

6(3.9) 

0.99  (0.71,1.37) 

0.948 

Medium 

161 

10  (6.2) 

High 

160 

7  (4.4) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  14-30.  Analysis  of  ICVI  Index  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN- ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

RHafiveRisk  '  *  I  X  -sic 

SilllSHIliiSii 

(95%  C.I.)a 

p- Value 

461 

1.12(0.73,1.72) 

0.604 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  diabetic  class  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal 
intermittent  claudication  and  vascular  insufficiency  index. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  ||g 

i ‘44f|f  DioxinGategory  %  $  $ 

1 1  Est  Relative  Risk  1 

:  (95%  C.I.)‘b 

IBlIliiHHSif  Slill 

Comparison 

1,195 

43  (3.6) 

Background  RH 

375 

9  (2.4) 

0.65  (0.31,1.35) 

0.249 

Low  RH 

233 

9  (3.9) 

1.08  (0.52,2.24) 

High  RH 

243 

14  (5.8) 

1.66  (0.89,3.09) 

Low  plus  High  RH 

476 

23  (4.8) 

1.34  (0.79,2.27) 

0.272 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED  v  llll  B 

|j|gf  Dioxin  Category  §§ 

iiilililMilll 

Comparison 

1,155 

Background  RH 

360 

0.69  (0.32,1.48) 

0.340 

Low  RH 

221 

0.98  (0.46,2.11) 

0.968 

High  RH 

236 

1.41  (0.69,2.89) 

0.346 

Low  plus  High  RH 

457 

1.19(0.67,2.09) 

0.555 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  14-30.  Analysis  of  ICVI  Index  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1),  1  § |§j! 

1987  Number  (%) 

Dioxin  n  Abnormal 

Estimated  Relative  Risk  1  >  1  fj!  ]  i  ilfflii  i  I 

(95%  CM.)3  p-Value 

Low  283  8  (2.8) 

Medium  281  9  (3.2) 

High  287  15  (5.2) 

1.08(0.86,1.37)  0.503 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL m  M^iDXOXlN^^]$JlDS^ 


Analysis  Results  for  Log2  (1987  Dioxin +1)  ; 
(95%  C.I.)a 


p-Value  ■ 


817 


1.07  (0.79,1.45) 


0.666 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


14.2.3  Longitudinal  Analysis 

Cardiovascular  longitudinal  analyses  were  conducted  on  systolic  blood  pressure  measurements  taken  at 
the  1982  and  1997  examinations  and  six  pulse  assessments  made  at  the  1985  and  1997  examinations. 
Discrete  and  continuous  analyses  were  performed  for  systolic  blood  pressure.  The  six  pulse 
measurements  included  femoral  pulses,  popliteal  pulses,  dorsalis  pedis  pulses,  posterior  tibial  pulses,  leg 
pulses,  and  peripheral  pulses.  The  1985  and  1997  measurements  were  used  for  the  pulse  assessments 
because  the  Doppler  assessment  of  pulses  was  conducted  at  these  two  examinations  and  was  not 
conducted  at  the  1982  baseline  or  1987  follow-up  examinations. 

Longitudinal  analyses  were  conducted  to  examine  whether  changes  across  time  differed  with  respect  to 
group  membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Model  4  was 
not  examined  in  longitudinal  analyses  because  1987  dioxin,  the  measure  of  exposure  in  these  models, 
changes  over  time  and  is  not  available  for  all  participants  for  1982  or  1997. 

Participants  considered  abnormal  in  1982  (or  1985  for  Doppler  pulse  measurements)  were  not  included  in 
the  longitudinal  analysis  of  discrete  dependent  variables.  The  purpose  of  the  longitudinal  analysis  was  to 
examine  the  effects  of  dioxin  exposure  across  time.  Participants  who  were  abnormal  in  1982  (or  1988) 
were  not  considered  to  be  at  risk  for  developing  the  condition,  because  the  condition  already  existed  at  the 
time  of  the  first  collection  of  data  for  the  AFHS  (1982).  Only  participants  who  were  normal  at  the  1982 
(or  1985)  examination  were  considered  to  be  at  risk  for  developing  the  condition;  therefore,  the  rate  of 
abnormalities  under  this  restriction  approximates  an  incidence  rate  between  1982  (or  1985)  and  1997. 

That  is,  an  incidence  rate  is  a  measure  of  the  rate  at  which  people  without  a  condition  develop  the 
condition  during  a  specified  period  of  time  (53).  Summary  statistics  are  provided  for  reference  purposes 
for  the  1985,  1987,  and  1992  examinations  for  systolic  blood  pressure  and  for  the  1992  examination  for 
the  pulse  measurements. 
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The  longitudinal  analysis  for  systolic  blood  pressure  in  its  discrete  form  examined  relative  risks  at  the 
1997  examination  for  participants  who  were  classified  as  normal  at  the  1982  examination.  The 
longitudinal  analysis  for  the  Doppler  pulse  measurements  examined  relative  risks  at  the  1997  examination 
for  participants  who  were  classified  as  normal  at  the  1985  examination.  The  adjusted  relative  risks 
estimated  from  each  of  the  three  models  were  used  to  investigate  the  change  in  the  dependent  variable 
over  time.  All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  the  percentage 
of  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

The  longitudinal  analysis  for  the  systolic  blood  pressure  in  its  continuous  form  examined  the  paired 
difference  between  the  measurements  from  1982  and  1997.  These  paired  differences  measured  the 
change  in  systolic  blood  pressure  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis 
was  adjusted  for  age  and  systolic  blood  pressure  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods). 

14.2.3.1  Physical  Examination  Variables 

14.2.3.1.1  Systolic  Blood  Pressure  ( Continuous ) 

The  Model  1  analysis  of  change  in  mean  systolic  blood  pressure  revealed  a  marginally  significant 
difference  between  overall  Ranch  Hands  and  Comparisons  (Table  14-3 1(a):  difference  of  examination 
mean  change=— 1.6  mm  Hg,  p=0.066).  The  Ranch  Hand  mean  decreased  by  6.3  mm  Hg  between  1982 
and  1997,  and  the  Comparison  mean  decreased  by  4.7  mm  Hg.  Stratifying  by  occupation  showed  a 
marginally  significant  group  difference  in  the  enlisted  groundcrew  stratum  (Table  14-3 1(a):  difference  of 
examination  mean  change=-2.2  mm  Hg,  p=0.079).  For  the  enlisted  groundcrew,  the  Ranch  Hand  mean 
decreased  by  7.4  mm  Hg  between  1982  and  1997,  and  the  Comparison  mean  decreased  by  5.2  mm  Hg. 
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Table  14-31.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (mm  Hg)  (Continuous) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

V  “Group  ;■ 

Meana/(n) 

Exam, 

,  Mean 
Changeb 

difference  of 
[il-ExaSnvMean' " 

jj§§  Change  |||fj 

:  .p-^aluef  J 

stiiii 

tlli 

1987 

1992 

1997 1 

All 

Ranch  Hand 

131.1 

117.8 

125.9 

120.4 

124.8 

- 6.3 

-1.6 

0.066 

(808) 

(790) 

(782) 

(785) 

(808) 

Comparison 

130.7 

118.9 

126.4 

121.3 

126.0 

-4.7 

(959) 

(940) 

(935) 

(939) 

(959) 

Officer 

Ranch  Hand 

131.8 

118.8 

126.5 

122.6 

126.1 

-5.6 

-0.3 

0.840 

(305) 

(301) 

(298) 

(300) 

(305) 

Comparison 

131.3 

118.8 

126.3 

121.8 

126.1 

-5.3 

(372) 

(365) 

(360) 

(367) 

(372) 

Enlisted 

Ranch  Hand 

131.8 

118.4 

127.2 

120.6 

126.7 

-5.1 

-3.8 

0.135 

Flyer 

(146) 

(143) 

(141) 

(142) 

(146) 

Comparison 

130.2 

118.9 

125.9 

121.2 

128.9 

-1.3 

(144) 

(143) 

(142) 

(142) 

044) 

Enlisted 

Ranch  Hand 

130.3 

116.8 

124.8 

118.4 

122.9 

-7.4 

-2.2 

0.079 

Groundcrew 

(357) 

(346) 

(343) 

(343) 

(357) 

Comparison 

130.3 

119.0 

126.7 

120.9 

125.1 

-5.2 

(443) 

(432) 

(433) 

(430) 

(443) 

a  Transformed  from  natural  logarithm  scale. 

Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  systolic  blood  pressure;  results  adjusted  for  natural  logarithm 
of  systolic  blood  pressure  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  14-31.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (mm  Hg)  (Continuous) 
(Continued) 


(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)- 

Meana/(n) 

jjj  |  Adjusted  Slope  ||§ 

ff f  t  (Std;  Error);  :: 

p- Value 

1982 

1987 

mint 

1997 

Low 

132.2 

118.4 

127.1 

120.5 

125.9 

0.000  (0.005) 

(149) 

(146) 

(148) 

(144) 

(149) 

Medium 

132.8 

119.7 

126.4 

122.9 

125.5 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

131.2 

119.1 

127.4 

121.1 

124.1 

(153) 

(150) 

(148) 

(150) 

(153) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  systolic  blood  pressure  and  natural  logarithm  of 
1982  systolic  blood  pressure  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood 
measurement  of  dioxin,  natural  logarithm  of  1982  systolic  blood  pressure,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  14-31.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (mm  Hg)  (Continuous) 
(Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

iiiiiigiiiili 

;i|r  Exam. 
Mean 
Change15 

|j  Difference  of 
Exam.  Mean 
Change 

|l  ||  p-Vahi(ec;|: 

1985 

1987 

1992 

pjl9^>7 

Comparison 

130.6 

118.7 

126.2 

121.1 

126.0 

-4.7 

(932) 

(916) 

(910) 

(913) 

(932) 

Background  RH 

129.8 

116.2 

124.4 

119.0 

124.4 

-5.3 

-0.6 

0.386 

(342) 

(334) 

(326) 

(331) 

(342) 

Low  RH 

132.0 

118.7 

126.8 

120.9 

126.0 

-6.0 

-1.3 

0.347 

(224) 

(218) 

(221) 

(217) 

(224) 

High  RH 

132.1 

119.5 

127.2 

122.0 

124.4 

-7.8 

-3.1 

0.086 

(236) 

(233) 

(230) 

(232) 

(236) 

Low  plus  High  RH 

132.1 

119.1 

127.0 

121.5 

125.2 

-6.9 

-2.2 

0.083 

(460) 

(451) 

(451) 

(449) 

(460) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  1997  systolic  blood  pressure;  results  adjusted  for  percent  body 
fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  systolic  blood  pressure,  and  age  in 
1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94.  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


The  longitudinal  analysis  in  Model  2  did  not  reveal  a  significant  association  between  the  change  in  mean 
systolic  blood  pressure  and  dioxin  (Table  14-3 1(b):  p=0.977). 

The  Model  3  analysis  of  the  change  in  mean  systolic  blood  pressure  levels  between  1982  and  1997 
revealed  two  marginally  significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus 
Comparisons  (Table  14-3 1(c):  difference  of  examination  mean  change=-3.1  mm  Hg,  p=0.086)  and 
Ranch  Hands  in  the  low  plus  high  dioxin  category  versus  Comparisons  (Table  14-3 1(c):  difference  of 
examination  mean  change=-2.2  mm  Hg,  p=0.083).  The  change  in  means  between  1982  and  1997  for 
Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the  low  plus  high  dioxin  category,  and 
Comparisons  was  -7.8  mm  Hg,  -6.9  mm  Hg,  and  -4.7  mm  Hg,  respectively. 

14.2.3. 1.2  Systolic  Blood  Pressure  ( Discrete ) 

The  longitudinal  analysis  in  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin 
and  change  in  systolic  blood  pressure  in  its  discrete  form  (Table  14-32(a-c):  p>0.45  for  each  analysis). 
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Table  14-32.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (Discrete) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Number  (%)  High/(n) 


BlISiiiiiMKiiSi 

Group 

BiiHlil 

hnmh 

;  ||  1987  || 

1992 

All 

Ranch  Hand 

141  (17.5) 

42  (5.3) 

146(18.7) 

119(15.2) 

169  (20.9) 

(808) 

(790) 

(782) 

(785) 

(808) 

Comparison 

187  (19.5) 

65  (6.9) 

205  (21.9) 

146  (15.5) 

215  (22.4) 

(959) 

(940) 

(935) 

(939) 

(959) 

Officer 

Ranch  Hand 

60(19.7) 

20  (6.6) 

59  (19.8) 

51  (17.0) 

73  (23.9) 

(305) 

(301) 

(298) 

(300) 

(305) 

Comparison 

75  (20.2) 

25  (6.8) 

81  (22.5) 

65  (17.7) 

90  (24.2) 

(372) 

(365) 

(360) 

(367) 

(372) 

Enlisted  Flyer 

Ranch  Hand 

28  (19.2) 

5  (3.5) 

29  (20.6) 

23(16.2) 

35  (24.0) 

(146) 

(143) 

(141) 

(142) 

(146) 

Comparison 

27  (18.8) 

11  (7.7) 

31  (21.8) 

20(14.1) 

38  (26.4) 

(144) 

(143) 

(142) 

(142) 

(144) 

Enlisted  Groundcrew 

Ranch  Hand 

53  (14.8) 

17  (4.9) 

58  (16.9) 

45(13.1) 

61  (17.1) 

(357) 

(346) 

(343) 

(343) 

(357) 

Comparison 

85  (19.2) 

29  (6.7) 

93  (21.5) 

61  (14.2) 

87  (19.6) 

(443) 

(432) 

(433) 

(430) 

(443) 

■.-it* 

Nc 

rmal  in  1982 

Adj.  Relative  Bisk  ' 

||1J||§|S 

§1  ’"'Nujnber;(%)  High 
^  *  in  1997 

All 

Ranch  Hand 

667 

111  (16.6) 

0.99  (0.75,1.31) 

0.951 

Comparison 

772 

130  (16.8) 

Officer 

Ranch  Hand 

245 

48  (19.6) 

1.18(0.76,1.84) 

0.454 

Comparison 

297 

50  (16.8) 

Enlisted  Flyer 

Ranch  Hand 

118 

23  (19.5) 

0.90(0.47,1.71) 

0.743 

Comparison 

117 

25  (21.4) 

Enlisted 

Ranch  Hand 

304 

40(13.2) 

0.86  (0.55,1.35) 

0.513 

Groundcrew 

Comparison 

358 

55  (15.4) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  14-32.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (Discrete)  (Continued) 


(b)  MODEL  2: 

RA&CH  HANDS: 

-INITIAL  DIOXIN 

Number  (%)  High/(n) 

Examination 

11 

1987 

plili 

lllllililll 

Low 

32(21.5) 

6(4.1) 

33  (22.3) 

24  (16.7) 

37  (24.8) 

(149) 

(146) 

(148) 

(144) 

(149) 

Medium 

32  (20.3) 

8  (5.2) 

28(18.1) 

28(18.1) 

34  (21.5) 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

22  (14.4) 

11  (7.3) 

30  (20.3) 

25  (16.7) 

28  (18.3) 

(153) 

(150) 

(148) 

(150) 

(153) 

5  -5  Analysis  Results  for  Log2  (Initial  Dioxin)®  £  v  /; 

IllllllflS 

Adj.  Relative  Risk 

in  1997 

(95%  C.I.)b 

.  p- Value  1  llllffl 

Low 

117 

22(18.8) 

0.96(0.78,1.19) 

0.714 

Medium 

126 

23  (18.3) 

High 

131 

20(15.3) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

it--  8fi 

ms 

RHHi 

iillllili 

Comparison 

180(19.3) 

60  (6.6) 

194(21.3) 

140  (15.3) 

207  (22.2) 

(932) 

(916) 

(910) 

(913) 

(932) 

Background  RH 

54(15.8) 

17(5.1) 

54(16.6) 

42  (12.7) 

69  (20.2) 

(342) 

(334) 

(326) 

(331) 

(342) 

Low  RH 

43  (19.2) 

8  (3.7) 

44  (19.9) 

35(16.1) 

54  (24.1) 

(224) 

(218) 

(221) 

(217) 

(224) 

High  RH 

43  (18.2) 

17  (7.3) 

47  (20.4) 

42(18.1) 

45(19.1) 

(236) 

(233) 

(230) 

(232) 

(236) 

Low  plus  High  RH 

86  (18.7) 

25  (5.5) 

91  (20.2) 

77(17.1) 

99  (21.5) 

(460) 

(451) 

(451) 

(449) 

(460) 
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Table  14-32.  Longitudinal  Analysis  of  Systolic  Blood  Pressure  (Discrete)  (Continued) 


Number  (%) 
n  in  1997  High  in  1997 

Adj.  Relative  Risk 
(95%  C.I.)2b 

p-Va!ueb 

Comparison 

752 

127  (16.9) 

Background  RH 

288 

45  (15.6) 

0.96  (0.66,1.41) 

0.840 

Low  RH 

181 

34(18.8) 

1.01  (0.65,1.55) 

0.978 

High  RH 

193 

31(16.1) 

1.01  (0.65,1.57) 

0.965 

Low  plus  High  RH 

374 

65  (17.4) 

1.01  (0.72,1.41) 

0.963 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7, 
Statistical  Methods). 


1  1  - 

14.2.3.1.3  Femoral  Pulses 

The  Model  1  analysis  of  the  change  in  percentage  of  abnormal  femoral  pulses  did  not  reveal  a  significant 
difference  between  Ranch  Hands  and  Comparisons  overall  (Table  14-33(a):  p=0.1 18).  Stratifying  by 
occupation  showed  a  marginally  significant  group  difference  in  the  enlisted  groundcrew  stratum  (Table 
14-33(a):  Adj.  RR=3.19,  p=0.095).  For  enlisted  groundcrew,  1.9  percent  of  the  Ranch  Hands  and  0.6 
percent  of  the  Comparisons  had  normal  femoral  pulses  in  1985  and  abnormal  femoral  pulses  in  1997. 

The  Model  2  longitudinal  analysis  revealed  no  significant  association  between  dioxin  and  the  percentage 
of  participants  with  normal  femoral  pulses  in  1985  and  abnormal  femoral  pulses  in  1997  (Table  14-33(b): 
p=0.972). 
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Table  14-33.  Longitudinal  Analysis  of  Femoral  Pulses 


Normal  in  1985 

Number  (%) 

5  n;m;19^T  f ;  Abnormal  in  1997  & 

Adj.  RelaJivelRifeul 
(95%  C.I.)a 

iliiMiill!# 

All 

Ranch  Hand 

823 

19  (2.3) 

L74  (0.86,3.49) 

0.118 

Comparison 

1,047 

14(1.3) 

Officer 

Ranch  Hand 

318 

1  (2.2) 

1.12(0.40,3.13) 

0.824 

Comparison 

412 

8  (1.9) 

Enlisted  Flyer 

Ranch  Hand 

145 

5  (3.4) 

1.82  (0.43,7.77) 

0.419 

Comparison 

158 

3  (1.9) 

Enlisted 

Ranch  Hand 

360 

7  (1.9) 

3.19(0.82,12.42) 

0.095 

Groundcrew 

Comparison 

477 

3  (0.6) 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 


Table  14-33.  Longitudinal  Analysis  of  Femoral  Pulses  ( Continued ) 


INITIAL  DIOXIN 

Initial  Dioxin 

£  ^ |  j  ’ j,  a  V  jNttmberjt  %)  A)t)ijormal/(n)  '  ,J'  '|  $ 

filli 

1985 

| 1992  : 

1997 

Low 

0  (0.0) 

3(2.1) 

3  (2.0) 

(149) 

(144) 

(149) 

Medium 

0  (0.0) 

1  (0.6) 

5  (3.2) 

(158) 

(155) 

(158) 

High 

0  (0.0) 

0  (0.0) 

4  (2.6) 

055) 

(151) 

(155) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)® 

1 | §j  jj h  |j §f  |||  Normal  in  1985  !|  |||f 

•  ;S;  Adj.  Relative  Risk  * 

(95%  CX)”  p-Value  V. 

Initial  Number  (%) 

Low  149  3  (2.0) 

Medium  158  5  (3.2) 

High  155  4  (2.6) 

1.01  (0.63,1.61)  0.972 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL  3r  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

.1?  feSf  iif:  ‘‘ i>  /S  §  p  t  S®  pr%  IffiS  $  .*&§3s  « 

1  Number(%)  Abnornial/(n);i 
Examination 

III  Dioxin  Category  %%'¥,  j 

|l|l®  1  1992 

1997 

Comparison 

0  (0.0) 

6  (0.6) 

14(1.4) 

(1,019) 

(994) 

(1,019) 

Background  RH 

0  (0.0) 

2  (0.6) 

7  (2.0) 

(355) 

(346) 

(355) 

Low  RH 

0  (0.0) 

4(1.8) 

6  (2.7) 

(224) 

(217) 

(224) 

High  RH 

0  (0.0) 

0  (0.0) 

6  (2.5) 

(238) 

(233) 

(238) 

Low  plus  High  RH 

0  (0.0) 

4  (0.9) 

12  (2.6) 

(462) 

(450) 

(462) 
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Table  14-33.  Longitudinal  Analysis  of  Femoral  Pulses  (Continued) 


Normal  in  1985 

Adj*  Relative  Risk  |  j 
(95%  CX)*fc 

if  iiiiffiiteiis 

nin  1997  y  ; 

Number  (%) 
Abnormal  in  1997 

Comparison 

1,019 

14(1.4) 

Background  RH 

355 

7  (2.0) 

1.28  (0.51,3.21) 

Low  RH 

224 

6(2.7) 

1.88  (0.71,4.98) 

High  RH 

238 

6(2.5) 

2.34  (0.87,6.25) 

Low  plus  High  RH 

462 

12  (2.6) 

2.10(0.96,4.62) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


Model  3  analysis  of  the  change  in  femoral  pulses  from  normal  in  1985  to  abnormal  in  1997  revealed  two 
marginally  significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  (Table 
14-33(c):  Adj.  RR=2.34,  p=0.091)  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus 
Comparisons  (Table  14-33(c):  Adj.  RR=2.10,  p=0.063).  Of  the  Comparisons,  1.4  percent  had  normal 
femoral  pulses  in  1985  and  abnormal  femoral  pulses  in  1997.  Of  the  Ranch  Hands,  2.5  percent  in  the 
high  dioxin  category  and  2.6  percent  in  the  low  plus  high  dioxin  category  had  normal  femoral  pulses  in 
1985  and  abnormal  femoral  pulses  in  1997. 

14.2.3.1.4  Popliteal  Pulses 

Analyses  of  Models  1  through  3  showed  no  significant  associations  between  dioxin  and  the  change  in 
popliteal  pulses  between  1985  and  1997  (Table  14-34(a-c):  p>0.19  for  each  analysis). 


Table  14-34.  Longitudinal  Analysis  of  Popliteal  Pulses 

(a)  MODEL  X:  RANCH  HANDS  VS.  COMPARISONS 

Number  (%)  AbnormaI/(n) 

IliSiiiliiiilB!® 

Examination 

Group 

1985 

1992 

1997 

All 

Ranch  Hand 

2  (0.2) 

10(1.2) 

23  (2.8) 

(823) 

(802) 

(823) 

Comparison 

1  (0.1) 

7(0.7) 

24(2.3) 

(1046) 

(1,019) 

(1,046) 

Officer 

Ranch  Hand 

1  (0.3) 

6(1.9) 

1  (2.2) 

(318) 

(313) 

(318) 

Comparison 

0  (0.0) 

4(1.0) 

11  (2.7) 

(411) 

(404) 

(411) 

Enlisted  Flyer 

Ranch  Hand 

0  (0.0) 

2(1.4) 

5  (3.4) 

(145) 

(143) 

(145) 

Comparison 

1  (0.6) 

2(1.3) 

3(1.9) 

(158) 

(156) 

(158) 

Enlisted  Groundcrew 

Ranch  Hand 

1  (0.3) 

2  (0.6) 

11(3.1) 

(360) 

(346) 

(360) 

Comparison 

0  (0.0) 

1  (0.2) 

10(2.1) 

(477) 

(459) 

(477) 

r  -■  ■  ss 

•.  ■  ■  .V 

Occupational 

jiilsteiiwsps 

Group 

Number  (%) 

1  ^1nl?^l^^bnofmal|itl997v  \ 

Adj.  Relative  Risk  , 
(95%  CX)”  - 

All 

Ranch  Hand 

821 

22(2.7) 

1.22  (0.67,2.21) 

0.518 

Comparison 

1,045 

23  (2.2) 

Officer 

Ranch  Hand 

317 

1  (2.2) 

0.81  (0.31,2.13) 

0.672 

Comparison 

411 

11  (2.7) 

Enlisted  Flyer 

Ranch  Hand 

145 

5  (3.4) 

2.67(0.51,14.07) 

0.246 

Comparison 

157 

2(1.3) 

Enlisted 

Ranch  Hand 

359 

10  (2.8) 

1.39  (0.57,3.40) 

0.473 

Groundcrew 

Comparison 

477 

10(2.1) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 

Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  14-34.  Longitudinal  Analysis  of  Popliteal  Pulses  (Continued) 


(b)  MODEL  2: 

RANCH  HANDS  — 

INITIAL  DIOXIN  JfJ  :  y;  ||i| 

Number  (%)  Abnormal/(n) 

1985 

1992 

1  ||}  1997  llilll 

Low 

0  (0.0) 

3(2.1) 

4  (2.7) 

(149) 

(144) 

(149) 

Medium 

0  (0.0) 

2(1.3) 

6  (3.8) 

(158) 

(155) 

(158) 

High 

0  (0.0) 

2(1.3) 

4  (2.6) 

(155) 

(151) 

(155) 

Initial  Dioxin  Category  Summary  Statistics 

□ 

iglf|  Analysis  Results  for  Log2  (Initial  Dioxin)* 

Normal  in  1985 

'V  ll:Adj»:RelS^v4®*^  ^  ->  ■  C!-'- h 

}  i  >(9^%CJ.)b  ly  ’  i  p-Value  ;/  \ 

■g  jj  ■■ 

0.95(0.61,1.49)  0.838 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Abnormal/(n) 
Examination 


Dioxin  Category  1985  1992  1997 


Comparison 

1  (0.1) 

7  (0.7) 

24  (2.4) 

(1,018) 

(993) 

(1,018) 

Background  RH 

2  (0.6) 

3  (0.9) 

9  (2.5) 

(355) 

(346) 

(355) 

Low  RH 

0  (0.0) 

4(1.8) 

7(3.1) 

(224) 

(217) 

(224) 

High  RH 

0  (0.0) 

3(1.3) 

7  (2.9) 

(238) 

(233) 

(238) 

Low  plus  High  RH 

0  (0.0) 

7  (1.6) 

14  (3.0) 

(462) 

(450) 

(462) 
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Table  14-34.  Longitudinal  Analysis  of  Popliteal  Pulses  (Continued) 


Normal  in  1985-i 

Adjv  Relative  Risk  /'  , 
fill  (95%  C.I.)ab 

p-Valiieb 

n  in  1997 

Number  (%) 
Abnormal  in  1997> 

Comparison 

1,017 

23  (2.3) 

Background  RH 

353 

8  (2.3) 

0.87  (0.38,1.97) 

0.731 

Low  RH 

224 

7  (3.1) 

1.30  (0.55,3.09) 

0.555 

High  RH 

238 

7  (2.9) 

1.79  (0.75,4.30) 

0.193 

Low  plus  High  RH 

462 

14  (3.0) 

1.53  (0.77,3.03) 

0.221 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


14.2.3.1.5  Dorsalis  Pedis  Pulses 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  any  significant  associations  between 
dioxin  and  the  change  in  dorsalis  pedis  pulses  (Table  14-35(a-c):  p>0.33  for  each  analysis). 


Table  14-35.  Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

1 1  Occupational  jj 
Category 

Number  (%)  Ahnormal/(n)  >{  j  •  'L*  *f'-( 

Examination  ^  ,fT  )  i  ‘ 

•  Group 

1985 

1992 

1997 

All 

Ranch  Hand 

94(11.4) 

60  (7.5) 

67(8.2) 

(821) 

(798) 

(821) 

Comparison 

111  (10.6) 

70  (6.9) 

85(8.1) 

(1>044) 

(1,017) 

(1,044) 

Officer 

Ranch  Hand 

41  (12.9) 

23  (7.4) 

27  (8.5) 

(318) 

(312) 

(318) 

Comparison 

43  (10.5) 

28  (7.0) 

30  (7.3) 

(409) 

(402) 

(409) 

Enlisted  Flyer 

Ranch  Hand 

16(11.0) 

9  (6.3) 

18  (12.4) 

(145) 

(143) 

(145) 

Comparison 

23  (14.6) 

16(10.3) 

13  (8.2) 

(158) 

(156) 

(158) 

Enlisted  Groundcrew 

Ranch  Hand 

37  (10.3) 

28  (8.2) 

22  (6.1) 

(358) 

(343) 

(358) 

Comparison 

45  (9.4) 

26  (5.7) 

42  (8.8) 

(477) 

(459) 

(477) 
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Table  14-35.  Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses  (Continued) 


Normal  in  1985 


wmsmKimm 

Group 

1-1  n  in  1997 

Number  (%) 
Abnornialin  1997 

Adj.  Relative  Risk 
(95%  C.I.f 

p- Value8 

All 

Ranch  Hand 

727 

50  (6.9) 

0.97(0.66,1.43) 

0.894 

Comparison 

933 

66(7.1) 

Officer 

Ranch  Hand 

211 

22  (7.9) 

1.07  (0.59,1.93) 

0.821 

Comparison 

366 

27  (7.4) 

Enlisted  Flyer 

Ranch  Hand 

129 

12(9.3) 

1.42(0.58,3.52) 

0.444 

Comparison 

135 

9(6.7) 

Enlisted 

Ranch  Hand 

321 

16  (5.0) 

0.73  (0.39,1.38) 

0.335 

Groundcrew 

Comparison 

432 

30  (6.9) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  dorsalis  pedis  pulses  in  1985 
(see  Chapter  7,  Statistical  Methods). 


gb)  MODEL  2: 

INITIAL  DIOXIN 

§f|!  fj  |if§jf  | §  Number  (%)  Abnormal/(n)  1 j  1 

f  dE^aininaition-'.  .  \  lllllfll 

lililiiiiliiiliii 

1985 ; 

1992 

Low 

14  (9.4) 

8  (5.6) 

12(8.1) 

(149) 

(144) 

(149) 

Medium 

20  (12.7) 

14  (9.0) 

16(10.1) 

(158) 

(155) 

(158) 

High 

12  (7.8) 

9  (6.0) 

10  (6.5) 

(154) 

(149) 

(154) 

Initial  Dioxin  Category  Summary  Statistics 

Ct  l  Analysis  Results  for  Log2  (Initial  Dioxin)8  |  H  V 1 

Adj.  Relative  Risk 

(95%  C.I.)b  p-Value 

IIBSiMi  §11®  n  in  l997  1 1  Abnormal  in  1997 

Low  135  10(7.4) 

Medium  138  11(8.0) 

High  142  7  (4.9) 

1.01  (0.72,1.41)  0.946 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  dorsalis  pedis  pulses 
in  1985  (see  Chapter  7,  Statistical  Methods). 
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Table  14-35.  Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses  ( Continued ) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  {%)  Abnormal/(n) 

Examination 

Dioxin  Category 

1985 

1992 

HISiHIlllSIlill 

Comparison 

108  (10.6) 

70  (7.1) 

85  (8.4) 

(1,016) 

(991) 

(1,016) 

Background  RH 

48  (13.5) 

29  (8.4) 

29  (8.2) 

(355) 

(345) 

(355) 

Low  RH 

21  (9.4) 

12  (5.5) 

22  (9.8) 

(224) 

(217) 

(224) 

High  RH 

25  (10.5) 

19  (8.2) 

16  (6.8) 

(237) 

(231) 

(237) 

Low  plus  High  RH 

46  (10.0) 

31  (6.9) 

38  (8.2) 

(461) 

(448) 

(461) 

Normal  in  1985 

%  fp SjSf  ®  jSi  •*;$§?  ^y 

Number  (%) 

Adj.  Relative  .Risk 

n  in  1997 

Abnormal  in  1997  (95%  C.I.)ab 

p-Valueb 

Comparison 

908 

66  (7.3) 

Background  RH 

307 

22  (7.2) 

0.89(0.53,1.48) 

0.650 

Low  RH 

203 

17  (8.4) 

1.08  (0.61,1.89) 

0.798 

High  RH 

212 

11(5.2) 

0.91  (0.47,1.78) 

0.789 

Low  plus  High  RH 

415 

28  (6.7) 

0.99  (0.62,1.59) 

0.964 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  dorsalis  pedis  pulses 
in  1985  (see  Chapter  7,  Statistical  Methods). 


14.2.3.1.6  Posterior  Tibial  Pulses 

Model  1  and  2  analyses  did  not  show  any  significant  associations  between  dioxin  and  the  change  in 
posterior  tibial  pulses  between  1985  and  1997  (Table  14-36(a,b):  p>0.12  for  each  analysis). 

Model  3  analysis  of  the  change  in  posterior  tibial  pulses  from  normal  in  1985  to  abnormal  in  1997 
revealed  one  significant  and  one  marginally  significant  contrast:  Ranch  Hands  in  the  high  dioxin 
category  versus  Comparisons  (Table  14-36(c):  Adj.  RR=1.70,  p=0.090)  and  Ranch  Hands  in  the  low  plus 
high  dioxin  category  versus  Comparisons  (Table  14-36(c):  Adj.  RR=1.60,  p=0.047).  Of  the 
Comparisons,  5.1  percent  had  normal  posterior  tibial  pulses  in  1985  and  abnormal  posterior  tibial  pulses 
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in  1997.  Of  the  Ranch  Hands,  6.3  percent  in  the  high  dioxin  category  and  7.2  percent  in  the  low  plus  high 
dioxin  category  had  normal  posterior  tibial  pulses  in  1985  and  abnormal  posterior  tibial  pulses  in  1997. 


Table  14-36.  Longitudinal  Analysis  of  Posterior  Tibial  Pulses 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

f  ''l  -  -  • '  Number  (%)  Abnormal/(n)  ■■  ‘  i 

^  Occupational 

|g  ■  H|J  J!tl  |ff§|  J  Examination  f§j§jj  I  y  | 

fjjfjf  |J|§Ga|egor|_^ 

1985 

y|i992 IlnillflJ 

If  1997  HU! 

All 

Ranch  Hand 

2  (0.2) 

20  (2.5) 

56(6.8) 

(822) 

(SOI) 

(822) 

Comparison 

6  (0.6) 

22  (2.2) 

58  (5.6) 

(1,044) 

(1,017) 

(1,044) 

Officer 

Ranch  Hand 

1  (0.3) 

9  (2.9) 

21  (6.6) 

(318) 

(313) 

(318) 

Comparison 

2(0.5) 

10  (2.5) 

23  (5.6) 

(411) 

(404) 

(411) 

Enlisted  Flyer 

Ranch  Hand 

1  (0.7) 

5  (3.5) 

14  (9.7) 

(145) 

(143) 

(145) 

Comparison 

1  (0.6) 

4  (2.6) 

10(6.4) 

(156) 

(154) 

(156) 

Enlisted  Groundcrew 

Ranch  Hand 

0  (0.0) 

6(1.7) 

21  (5.8) 

(359) 

(345) 

(359) 

Comparison 

3  (0.6) 

8  (1.7) 

25  (5.2) 

(477) 

(459) 

(477) 

iPWIl 

Number  («) 

&  ,■  Adj.  Relative  Risk 

Category 

J  Group }  ;|||||j 

n  in  1997 

Abnormal  in  1997 

'  (95%  C.I.)“ 

|j  |j  p-Valuea  |  f  1 

All 

Ranch  Hand 

820 

56(6.8) 

1.36(0.92,2.01) 

0.129 

Comparison 

1,038 

53  (5.1) 

Officer 

Ranch  Hand 

317 

21  (6.6) 

1.29  (0.69,2.43) 

0.423 

Comparison 

409 

21  (5.1) 

Enlisted  Flyer 

Ranch  Hand 

144 

14  (9.7) 

1.70  (0.70,4.09) 

0.239 

Comparison 

155 

9(5.8) 

Enlisted 

Ranch  Hand 

359 

21  (5.8) 

1.26  (0.68,2.35) 

0.458 

Groundcrew 

Comparison 

474 

23  (4.9) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 
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Table  14-36.  Longitudinal  Analysis  of  Posterior  Tibia I  Pulses  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Number  (%)  Abnormal/(n) 
Examination 


1992 

Slllplliil!| 

Low 

1  (0.7) 

5  (3.5) 

9(6.0) 

(149) 

(144) 

(149) 

Medium 

0  (0.0) 

5  (3.2) 

15  (9.5) 

High 

(158) 

(155) 

(158) 

1  (0.6) 

2(1.3) 

9  (5.8) 

(155) 

(151) 

(155) 

Analysis  Results  for  Log2  (Initial  Dioxin)4  H  r  j 

Normal  in  1985 

lidatial vy 

Number  (%) 

Adj.  Relative  Risk 

Dioxin 

>  |  V  !|  Abnormal  in  1997 f  f 

,  ;  (95%,  C.L)b 

p-Value 

Low 

148 

1.12(0.85,1.49) 

0.418 

Medium 

158 

JM _ 

154 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses 
in  1985  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

ISlf’ii-;  ti  3 'Hr;  ?  j  "■?  S'-‘< 

§  Number  {%)  AbnormaI/(n) 

||<;|(|^H|E^MnaEtion(g  SSlUlt? 

Dioxin  Category  if  j| 1  gj 

Comparison 

6  (0.6) 

22  (2.2) 

57  (5.6) 

(1,016) 

(991) 

(1,016) 

Background  RH 

0  (0.0) 

7  (2.0) 

22  (6.2) 

(355) 

(346) 

(355) 

Low  RH 

1  (0.4) 

6  (2.8) 

18  (8.0) 

(224) 

(217) 

(224) 

High  RH 

1  (0.4) 

6  (2.6) 

15  (6.3) 

(238) 

(233) 

(238) 

Low  plus  High  RH 

2(0.4) 

12(2.7) 

33  (7.1) 

(462) 

(450) 

(462) 
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Table  14-36.  Longitudinal  Analysis  of  Posterior  Tibial  Pulses  (Continued) 


Normal  in  1985 

Adj;  Relative  Risk 
.  (95%  C.I.)ab 

IliJi  p-Valueb 

n  in  1997 

'  :  Number  (%) 
Abnormal  in  1997 

Comparison 

1,010 

52(5.1) 

Background  RH 

355 

22  (6.2) 

1.05  (0.62,1.77) 

Low  RH 

223 

18(8.1) 

1.50  (0.85,2.65) 

High  RH 

237 

15(6.3) 

1.70  (0.92,3.12) 

Low  plus  High  RH 

460 

33  (7.2) 

1.60(1.01,2.54) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses 
in  1985  (see  Chapter  7,  Statistical  Methods). 


14.2.3.1.7  Leg  Pulses 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin 
and  the  change  from  normal  leg  pulses  in  1985  to  abnormal  leg  pulses  in  1997  (Table  14-37(a-c):  p>0.15 
for  each  analysis). 


Table  14-37.  Longitudinal  Analysis  of  Leg  Pulses 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Number  (%)  Abnormal/(n) 

Group..  ; 

illiSSSiSiill 

1997 

All 

Ranch  Hand 

97(11.8) 

66(8.3) 

91(11.1) 

(821) 

(798) 

(821) 

Comparison 

114(10.9) 

77(7.6) 

109  (10.5) 

(1042) 

(L015) 

(1,042) 

Officer 

Ranch  Hand 

43  (13.5) 

24  (7.7) 

35(11.0) 

(318) 

(312) 

(318) 

Comparison 

44(10.8) 

29  (7.2) 

38  (9.3) 

(409) 

(402) 

(409) 

Enlisted  Flyer 

Ranch  Hand 

17(11.7) 

11  (7.7) 

25  (17.2) 

(145) 

(143) 

(145) 

Comparison 

22(14.1) 

16  (10.4) 

17  (10.9) 

(156) 

(154) 

(156) 

Enlisted  Groundcrew 

Ranch  Hand 

37  (10.3) 

31  (9.0) 

31  (8.7) 

(358) 

(343) 

(358) 

Comparison 

48  (10.1) 

32  (7.0) 

54(11.3) 

(477) 

(459) 

(477) 
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Table  14-37.  Longitudinal  Analysis  of  Leg  Pulses  (Continued) 


StiipilSiiMi# 

;'§  Q§  1  )Gfpup)  §  J  -f; 

Normal  in  1985 

Number  (%) 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk 
(95%  C.I.)a 

liiiiiKiii 

All 

Ranch  Hand 

724 

73  (10.1) 

1.12  (0.80,1.57) 

0.502 

Comparison 

928 

85  (9.2) 

Officer 

Ranch  Hand 

275 

29  (10.5) 

1.13(0.67,1.93) 

0.645 

Comparison 

365 

34  (9.3) 

Enlisted  Flyer 

Ranch  Hand 

128 

19  (14.8) 

1.76  (0.81,3.83) 

0.153 

Comparison 

134 

12  (9.0) 

Enlisted 

Ranch  Hand 

321 

25  (7.8) 

0.89  (0.52,1.52) 

0.676 

Groundcrew 

Comparison 

429 

39  (9.1) 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 

adjusted  for  age  in  1997. 

Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 

1 997  examinations. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985  (see 

Chapter  7,  Statistical  Methods). 

(b)  MODEL  2:  RANCH  HANDS  — 

INITIAL  DIOXIN 

jX4inprrMiil/(n)i !  ilillliftMSlilSl 

llliiillii! 

i'ii xii  iii* 

1  <f  s  ^  t  %  Examination 

1985 

1997 

Low 

15(10.1) 

9(6.3) 

15  (10.1) 

049) 

(144) 

(149) 

Medium 

20(12.7) 

17(11.0) 

22(13.9) 

(158) 

(155) 

(158) 

High 

13(8.4) 

9  (6.0) 

14  (9.1) 

(154) 

(149) 

(154) 

|  j  j§ f|  f  IWitiallKojqn  Category  Summary  Statistics  f M j 

Normal  in  1985 

(95C<-  CM.)”  I  ;  p-Vsihic 

||j|  Initial  ttl|jiif|  JfR|||  Number  (%)  §f§j|j 

Dioxin  n  in 4997  (  *  AbnOf|i^i|ln|L^^7l 

Low  134  13  (9.7) 

Medium  138  17  (12.3) 

High  141  11  (7.8) 

1.14(0.87,1.49)  0.344 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985 
(see  Chapter  7,  Statistical  Methods). 
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Table  14-37.  Longitudinal  Analysis  of  Leg  Puises  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  AbnorniaI/(n) 

Examination 

1985 

1992 

1997 

Comparison 

111  (10.9) 

77  (7.8) 

108  (10.7) 

(1,014) 

(989) 

(1,014) 

Background  RH 

49  (13.8) 

30  (8.7) 

39(11.0) 

(355) 

(345) 

(355) 

Low  RH 

22  (9.8) 

13(6.0) 

29  (12.9) 

(224) 

(217) 

(224) 

High  RH 

26(11.0) 

22  (9.5) 

22  (9.3) 

(237) 

(231) 

(237) 

Low  plus  High  RH 

48  (10.4) 

35  (7.8) 

51  (11.1) 

(461) 

(448) 

(461) 

Dioxin  Category 

Normal  in  1985 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk 
;  (95%  C.I.)ab 

Comparison 

903 

84  (9.3) 

Background  RH 

306 

31  (10.1) 

0.98  (0.63,1.52) 

0.924 

Low  RH 

202 

24(11.9) 

1.21  (0.74,1.97) 

0.455 

High  RH 

211 

17  (8.1) 

1.17(0.67,2.04) 

0.589 

Low  plus  High  RH 

413 

41  (9.9) 

1.19(0.79,1.78) 

0.411 

3  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985 
(see  Chapter  7,  Statistical  Methods). 


14.2.3.1.8  Peripheral  Pulses 

The  change  from  normal  peripheral  pulses  in  1985  to  abnormal  peripheral  pulses  in  1997  was  not 
significantly  associated  with  dioxin  in  Models  1  through  3  (Table  14-38(a-c):  p>0.15  for  each  analysis). 
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Table  14-38.  Longitudinal  Analysis  of  Peripheral  Pulses 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Number  ( %)  Abnormal/(n)  - 

1  |  Examination  j|  || ; 

Group 

1992 

1997 

All 

Ranch  Hand 

97(11.8) 

66(8.3) 

94(11.4) 

(821) 

(798) 

(821) 

Comparison 

116(11.1) 

81  (8.0) 

112  (10.8) 

(1MD 

(1,014) 

(1,041) 

Officer 

Ranch  Hand 

43  (13.5) 

24  (7.7) 

36(11.3) 

(318) 

(312) 

(318) 

Comparison 

44  (10.8) 

30  (7.5) 

40  (9.8) 

(409) 

(402) 

(409) 

Enlisted  Flyer 

Ranch  Hand 

17(11.7) 

11  (7.7) 

25  (17.2) 

(145) 

(143) 

(145) 

Comparison 

22(14.1) 

16(10.4) 

17(10.9) 

(156) 

(154) 

(156) 

Enlisted  Groundcrew 

Ranch  Hand 

37  (10.3) 

31  (9.0) 

33  (9.2) 

(358) 

(343) 

(358) 

Comparison 

50(10.5) 

35  (7.6) 

55(11.6) 

(476) 

(458) 

(476) 

MKRVHN 

Occupational  1 1 

ifilliSSil! 

llllSlIllil 

>rmal  in  1985  ; 

■'  ' \  "V  '  ;  ' 

fjpif  ml 

n  in  1997 

Adj.  Relative  Risk  f s  ? 
(95%  C.I  )* 

AU 

Ranch  Hand 

724 

76(10.5) 

1.14  (0.82,1.59) 

0.433 

Comparison 

925 

87  (9.4) 

Officer 

Ranch  Hand 

275 

30(10.9) 

1.10(0.66,1.86) 

0.710 

Comparison 

365 

36  (9.9) 

Enlisted  Flyer 

Ranch  Hand 

128 

19(14.8) 

1.76  (0.81,3.83) 

0.154 

Comparison 

134 

12  (9.0) 

Enlisted 

Ranch  Hand 

321 

27  (8.4) 

0.97  (0.57,1.64) 

0.901 

Groundcrew 

Comparison 

426 

39  (9.2) 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1985  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  peripheral  pulses  in  1985 
(see  Chapter  7,  Statistical  Methods). 
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Table  14-38.  Longitudinal  Analysis  of  Peripheral  Pulses  (Continued) 


RANCH  HANDS  — 

INITIAL  DIOXIN 

1 1|1 1|  j§j|  Number  (%)  Abnormal/(n) 

' E^raniiiiatlon 

1985  ; 

y;  1992 . . 

Low 

15(10.1) 

9(6.3) 

16  (10.7) 

(149) 

(144) 

(149) 

Medium 

20  (12.7) 

17(11.0) 

22(13.9) 

(158) 

(155) 

(158) 

High 

13  (8.4) 

9  (6.0) 

15  (9.7) 

(154) 

(149) 

(154) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Normal  in  1985 

Adj.  Relative  Risk 

-  V  ;  -  (95%  G.I.)b  p- Value 

Low  134  14  (10.4) 

Medium  138  17  (12.3) 

High  141  12  (8.5) 

1.11  (0.85,1.45)  0.434 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  peripheral  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


(c)  MODEL 3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

..  ::-v' 

p| -Number  ( %\  Abnormal/(n) 

f|  Dioxin  Category  ||®j§§|| 

1985 

Comparison 

113(11.2) 

81  (8.2) 

111(11.0) 

0,013) 

(988) 

(1,013) 

Background  RH 

49  (13.8) 

30  (8.7) 

40(11.3) 

(355) 

(345) 

(355) 

Low  RH 

22  (9.8) 

13  (6.0) 

30(13.4) 

(224) 

(217) 

(224) 

High  RH 

26(11.0) 

22  (9.5) 

23  (9.7) 

(237) 

(231) 

(237) 

Low  plus  High  RH 

48  (10.4) 

35  (7.8) 

53(11.5) 

(461) 

(448) 

(461) 
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Table  14-38 .  Longitudinal  Analysis  of  Peripheral  Pulses  (Continued) 


l  DioxhlCategbr^  <. 

Normal  in  1985 

|  -  >  /  Number  (%) 

n  in  1997  Abnormal  in  1997 

Adj.  Relative  Risk 
(95%  C.I.)ab  ■ 

p- Value1’ 

Comparison 

900 

86  (9.6) 

Background  RH 

306 

32  (10.5) 

0.98  (0.63,1.52) 

0.934 

Low  RH 

202 

25  (12.4) 

1.23  (0.76,1.99) 

0.408 

High  RH 

211 

18  (8.5) 

1.22  (0.70,2.11) 

0.482 

Low  plus  High  RH 

413 

43  (10.4) 

1.22  (0.82,1.82) 

0.325 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who  attended  the  1985  and 
1997  examinations.  Statistical  analyses  are  based  only  on  participants  who  had  normal  peripheral  pulses  in 
1985  (see  Chapter  7,  Statistical  Methods). 


14.3  DISCUSSION 

Cardiovascular  diseases  are  among  the  most  common  encountered  by  the  primary  care  physician.  In 
practice,  the  diagnosis  of  cardiovascular  disease  is  based  primarily  on  the  noninvasive  data  analyzed  in 
the  current  chapter.  Specifically,  the  history,  physical  examination,  chest  x  ray,  and  resting  ECG  remain 
highly  reliable  indices  that  can  alert  the  clinician  to  the  presence  of  underlying  cardiovascular  disease  and 
indicate  the  need  for  additional,  more  specific,  noninvasive  or  invasive  studies.  Although  arbitrary, 
dividing  data  collection  into  central  and  peripheral  cardiovascular  functions  is  convenient  and  forms  a 
reasonable  basis  for  comparison  of  the  cohorts  under  study. 

The  limitations  of  the  history  in  cardiovascular  diagnosis  deserve  emphasis.  In  peripheral  vascular 
disease,  for  example,  signs  and  symptoms  will  vary  depending  on  the  degree  of  development  of  collateral 
circulatory  channels.  While  hemodynamically  significant  arterial  disease  of  the  lower  extremities  is 
usually  associated  with  claudication,  severe  carotid  occlusive  disease  can  be  present  in  the  absence  of 
symptoms  of  transient  cerebral  ischemia.  Further,  conclusive  evidence  shows  that  advanced  coronary 
artery  disease  can  occur  in  the  absence  of  angina  and  be  present  as  “silent”  myocardial  ischemia.  Lastly, 
it  is  well  recognized  that  the  cardiovascular  history,  as  related  by  patients,  is  often  subject  to  error.  The 
generic  term  “heart  attack,”  for  example,  can  be  used  to  describe  any  type  of  cardiac  event  from  an 
isolated  episode  of  unstable  angina  or  arrhythmia  to  a  myocardial  infarction.  These  imperfections 
highlight  the  importance  of  the  medical  record  verification  conducted  in  this  study. 

In  the  cardiovascular  assessment  particularly,  the  physical  examination  can  provide  valuable  clues  to  the 
presence  of  asymptomatic  but  significant  underlying  disease.  Steps  were  taken  to  simplify  data  collection 
and  reduce  differences  among  the  examining  physicians.  All  blood  pressure  readings,  for  example,  were 
taken  by  automated  sphygmomanometric  instruments.  Auscultory  endpoints — murmurs  and  bruits — 
were  recorded  as  present  or  absent  by  anatomic  location,  thus  eliminating  speculation  as  to  specific 


14-113 


valvular  or  vessel  origin  and  hemodynamic  significance.  As  markers  of  occult  arterial  occlusive  disease, 
vascular  bruits  are  relatively  easy  to  detect  and  were  carefully  sought  over  the  carotid,  abdominal,  and 
femoral  vessels. 

The  data  relevant  to  this  chapter  included  the  resting  ECG,  the  standard  two-view  chest  x  ray  (discussed 
in  Chapter  18,  Pulmonary  Assessment)  and  Doppler  arterial  vascular  studies.  The  test  used  can  confirm 
diagnoses  that  can  be  made  based  on  data  available  in  the  current  assessment.  For  example,  when 
correlated  with  the  history  and  physical  examination,  the  chest  x  ray  and  ECG  enable  the  clinician  to  draw 
highly  accurate  conclusions  regarding  the  presence  and  hemodynamic  significance  of  valvular  heart 
disease  of  any  etiology.  As  defined  by  the  chest  x  ray,  the  pulmonary  vascularity  can  provide  reliable 
clues  to  the  presence  of  global  left  ventricular  dysfunction  with  pulmonary  venous  congestion  and  of 
pulmonary  hypertension  of  any  cause. 

In  the  analyses  of  verified  historical  variables,  hypertension,  myocardial  infarction,  transient  ischemic 
attack,  and  stroke  were  similar  in  Ranch  Hands  and  Comparisons.  In  the  1997  examinations,  in  contrast 
to  1992,  Ranch  Hands  were  more  likely  to  have  a  history  of  heart  disease  (66.1%  vs.  60.8%)  across  all 
occupational  strata,  particularly  in  the  enlisted  flyer  category.  In  none  of  the  physical  examination  or 
electrocardiographic  variables  were  any  significant  group  differences  defined.  The  prevalence  of 
funduscopic  abnormalities,  peripheral  pulse  deficits,  and  intermittent  claudication,  all  more  common  in 
Ranch  Hands  than  Comparisons  in  the  1992  examination,  is  now  essentially  the  same  in  the  two  cohorts. 

Serum  dioxin  analyses  yielded  several  significant  results.  In  the  unadjusted  analysis,  a  significant 
positive  dose-response  effect  was  noted  in  Ranch  Hands  in  the  association  of  hypertension  with  1987 
serum  dioxin  levels  (34.0%,  38.0%,  and  49.1%  in  the  low,  medium,  and  high  categories,  respectively),  an 
association  that  remained  significant  after  adjustment  for  covariates.  Similarly,  although  the  association 
was  less  significant,  a  positive  dose-response  effect  was  noted  between  the  electrocardiographic  evidence 
of  a  myocardial  infarction  and  both  initial  and  1987  serum  dioxin  levels.  Ranch  Hands  in  the  highest 
dioxin  category  were  more  likely  than  Comparisons  to  have  tachycardia,  as  determined  by  the 
electrocardiograph.  In  contrast,  although  Ranch  Hands  were  more  likely  than  Comparisons  to  have  a 
history  of  heart  disease,  a  significant  inverse  dose-response  effect  was  noted  in  relation  to  both 
extrapolated  initial  and  1987  serum  dioxin  levels.  These  results  are  consistent  with  those  from  both  the 
1987  and  1992  examinations. 

With  few  exceptions,  dependent  variable-covariate  analyses  confirmed  well-established  associations.  By 
a  medical  records  review  and  by  abnormalities  detected  on  physical  examinations,  cardiovascular  disease 
was  associated  significantly  with  the  classic  risk  factors  of  age,  cigarette  use,  and,  particularly,  diabetes. 
Obesity  proved  to  be  a  significant  risk  factor  for  the  development  of  heart  disease  and  for  numerous 
electrocardiographic  abnormalities  but  not  to  the  occurrence  of  myocardial  infarction  historically  or  by 
ECG.  Alcohol  consumption  was  associated  strongly  with  the  development  of  hypertension  but  did  not 
have  the  protective  effect  on  the  occurrence  of  myocardial  infarction  that  was  noted  in  the  1992 
examination.  The  increased  prevalence  of  pulse  deficits  in  association  with  alcohol  consumption  may 
have  been  mediated  by  concomitant  cigarette  use.  Finally,  consistent  with  the  results  of  the  1987  and 
1992  examinations,  type  A  personality  traits  were  not  found  to  be  associated  with  an  increased  risk  for  the 
development  of  cardiovascular  disease. 

In  the  longitudinal  analysis,  a  comparable  increase  in  the  prevalence  of  peripheral  pulse  deficits  was  noted 
in  both  the  Ranch  Hand  and  Comparison  cohorts  between  the  1992  and  1997  examinations.  Although 
none  of  the  group  differences  was  statistically  significant.  Ranch  Hands  continued  to  have  a  slightly 
greater  prevalence  of  pulse  deficits  than  Comparisons  at  all  sites  examined.  Two  of  the  six  analyses,  the 
posterior  tibial  and  femoral  pulses,  yielded  evidence  for  a  significant  or  marginally  significant  association 
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of  pulse  deficits  with  categorized  dioxin.  Consistent  with  all  previous  examinations,  Comparisons  were 
found  to  be  at  slightly  greater  risk  than  Ranch  Hands  for  the  development  of  systolic  hypertension  by 
discrete  analysis,  but  group  differences  remain  nonsignificant. 

In  contrast  to  prior  examinations,  the  current  study  has  documented  that  Ranch  Hands  are  more  likely 
than  Comparisons  to  have  historical  evidence  for  heart  disease  (excluding  essential  hypertension)  but  are 
no  longer  at  greater  risk  for  the  occurrence  of  pulse  deficits.  By  all  other  indices,  the  prevalence  of 
cardiovascular  disease  appears  similar  in  both  cohorts.  For  the  first  time,  there  is  evidence  that  dioxin 
exposure  may  be  a  risk  factor  for  the  development  of  hypertension  and  myocardial  infarction.  As  of 
1997,  the  verified  history  of  essential  hypertension  was  associated  with  1987  dioxin,  and  the  evidence  of 
prior  myocardial  infarction  from  the  ECG  was  associated  with  initial  dioxin. 


14.4  SUMMARY 

The  cardiovascular  assessment  was  based  on  a  medical  records  review  and  verification,  physical 
examination  and  ECG  determinations,  and  an  ICVI  index  based  on  participant  responses  to  three 
questions  regarding  leg  pain.  Variables  constructed  from  the  medical  records  review  included  essential 
hypertension,  heart  disease  (excluding  essential  hypertension),  myocardial  infarction,  and  stroke  or 
transient  ischemic  attack.  The  physical  examination  findings,  the  ECG  determinations,  and  the  ICVI 
index  investigated  the  central  cardiac  function  and  peripheral  vascular  function.  Each  health  endpoint 
was  examined  for  an  association  with  exposure  group  (Model  1),  initial  dioxin  (Model  2),  categorized 
dioxin  (Model  3),  and  1987  dioxin  levels  (Model  4).  Significant  results  from  the  adjusted  analyses  are 
presented  below. 

14.4.1  Model  1:  Group  Analysis 

The  adjusted  group  analysis  revealed  that  Ranch  Hands  had  a  significantly  higher  percentage  of 
participants  with  a  history  of  heart  disease  (excluding  essential  hypertension)  than  did  Comparisons  when 
all  occupational  strata  were  combined.  Stratifying  by  occupation  revealed  a  significantly  higher 
percentage  of  Ranch  Hand  enlisted  flyers  with  a  history  of  heart  disease  than  Comparison  enlisted  flyers. 
Ranch  Hand  enlisted  groundcrew  had  a  significantly  lower  percentage  of  abnormal  funduscopic 
examination  results  than  Comparison  enlisted  groundcrew.  Ranch  Hand  enlisted  groundcrew  also  had  a 
marginally  significantly  lower  percentage  of  abnormal  overall  ECG  findings  than  Comparison  enlisted 
groundcrew.  The  results  of  all  unadjusted  and  adjusted  Model  1  analyses  are  summarized  in  Table  14-39. 


Table  14-39.  Summary  of  Group  Analysis  (Model  1)  for  Cardiovascular  Variables  (Ranch  Hands 
vs.  Comparisons) 

~~  .  .  :  !;>  V;„  UNADJUSTED  '  /  .v  / 


h  m » 

HHeKI 

flHHi 

Medical  Records 

Essential  Hypertension  (D) 

ns 

ns 

NS 

ns 

Heart  Disease  (Excluding  Essential  Hypertension)  (D) 

+0.013 

NS 

+0.003 

NS 

Myocardial  Infarction  (D) 

NS 

ns 

NS 

NS 

Stroke  or  Transient  Ischemic  Attack  (D) 

NS 

NS 

ns 

NS 

Physical  Examination 

Systolic  Blood  Pressure  (C) 

ns 

ns 

ns 

ns 

Systolic  Blood  Pressure  (D) 

ns 

NS 

NS 

ns 
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Table  14-39.  Summary  of  Group  Analysis  (Model  1)  for  Cardiovascular  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED 


Variable 

illiiiili 

|j.  ^Officer  §j 

Enlisted 

Flyer 

1  Giroundcrew 

Diastolic  Blood  Pressure  (C) 

ns 

ns 

NS 

ns 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

NS 

ns 

Heart  Sounds  (D) 

ns 

ns 

ns 

ns 

Overall  Electrocardiograph  (ECG)  (D) 

NS 

NS 

NS 

ns* 

ECG:  Right  Bundle  Branch  Block  (D) 

ns 

ns 

NS 

ns 

ECG:  Left  Bundle  Branch  Block  (D) 

ns 

ns 

NS 

ns 

ECG:  Non-Specific  ST-  and  T-Wave  Changes  (D) 

NS 

NS 

NS 

ns 

ECG:  Bradycardia  (D) 

ns 

ns 

NS 

ns 

ECG:  Tachycardia  (D) 

NS 

NS 

NS 

NS 

ECG:  Arrhythmia  (D) 

NS 

NS 

NS 

ns 

ECG:  Evidence  of  Prior  Myocardial  Infarction  (D) 

ns 

ns 

ns 

ns 

ECG:  Other  Diagnoses  (D) 

NS 

NS 

_ 

NS 

Funduscopic  Examination  (D) 

ns 

NS 

NS 

-0.033 

Carotid  Bruits  (D) 

NS 

ns 

NS 

ns 

Radial  Pulses  (D) 

NS 

NS 

_ 

NS 

Femoral  Pulses  (D) 

NS* 

NS 

NS 

NS 

Popliteal  Pulses  (D) 

NS 

ns 

NS 

NS 

Dorsalis  Pedis  Pulses  (D) 

NS 

NS 

NS 

ns 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

NS 

NS 

Leg  Pulses  (D) 

NS 

NS 

NS 

ns 

Peripheral  Pulses  (D) 

Self-reported  Questionnaire 

NS 

NS 

NS 

ns 

Intermittent  Claudication  and  Vascular  Insufficiency 
Index  (ICVI)  (D) 

NS 

NS 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

-:  Relative  risk  <1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  14-39.  Summary  of  Group  Analysis  (Model  1)  for  Cardiovascular  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 

All 

Enlisted 

Officer  Flyer 

Enlisted 

1  Groundcrew 

Medical  Records 

Essential  Hypertension  (D) 

Heart  Disease  (Excluding  Essential  Hypertension)  (D) 
Myocardial  Infarction  (D) 

Stroke  or  Transient  Ischemic  Attack  (D) 

Physical  Examination 
Systolic  Blood  Pressure  (C) 

Systolic  Blood  Pressure  (D) 

Diastolic  Blood  Pressure  (C) 

Diastolic  Blood  Pressure  (D) 

Heart  Sounds  (D) 

Overall  Electrocardiograph  (ECG)  (D) 

ECG:  Right  Bundle  Branch  Block  (D) 

ECG:  Left  Bundle  Branch  Block  (D) 

ECG:  Non-Specific  ST-  and  T-Wave  Changes  (D) 
ECG:  Bradycardia  (D) 

ECG:  Tachycardia  (D) 

ECG:  Arrhythmia  (D) 

ECG:  Evidence  of  Prior  Myocardial  Infarction  (D) 
ECG:  Other  Diagnoses  (D) 

Funduscopic  Examination  (D) 

Carotid  Bruits  (D) 

Radial  Pulses  (D) 

Femoral  Pulses  (D) 

Popliteal  Pulses  (D) 

Dorsalis  Pedis  Pulses  (D) 

Posterior  Tibial  Pulses  (D) 

Leg  Pulses  (D) 

Peripheral  Pulses  (D) 

Self-reported  Questionnaire 

Intermittent  Claudication  and  Vascular  Insufficiency 

Index  (ICVI)  (D) _ 


ns 

ns 

NS 

ns 

+0.018 

NS 

+0.004 

NS 

NS 

ns 

NS 

ns 

NS 

NS 

-- 

NS 

ns 

ns 

NS 

ns 

ns 

ns 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

NS 

NS 

ns 

ns 

ns 

ns 

ns 

ns 

NS 

NS 

ns* 

ns 

ns 

NS 

ns 

ns 

ns 

— 

ns 

NS 

NS 

NS 

ns 

ns 

ns 

NS 

ns 

NS 

— 

— 

NS 

NS 

NS 

NS 

ns 

ns 

ns 

NS 

ns 

NS 

— 

— 

NS 

ns 

NS 

NS 

-0.047 

ns 

ns 

NS 

ns 

NS 

NS 

— 

NS 

NS 

NS 

NS 

NS 

NS 

ns 

ns 

NS 

ns 

NS 

NS 

ns 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

ns 

NS 

NS 

NS 

ns 

ns 

NS 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

Relative  risk  <1.00. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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14.4.2  Model  2:  Initial  Dioxin  Analysis 

Model  2  analyses  revealed  a  significant  positive  association  between  initial  dioxin  and  evidence  of  prior 
myocardial  infarction  from  the  ECG.  The  results  of  all  unadjusted  and  adjusted  Model  2  analyses  are 
summarized  in  Table  14-40. 


Table  14-40.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Cardiovascular  Variables  (Ranch 

Hands  Only) 

■•Variable  ;  ■ 

Unadjusted  ||J  1 

ililS !  ililiiilllili 

Medical  Records 

Essential  Hypertension  (D) 

NS 

NS 

Heart  Disease  (Excluding  Essential  Hypertension)  (D) 

-0.001 

ns 

Myocardial  Infarction  (D) 

NS 

NS 

Stroke  or  Transient  Ischemic  Attack  (D) 

NS 

NS 

Physical  Examination 

Systolic  Blood  Pressure  (C) 

ns 

ns 

Systolic  Blood  Pressure  (D) 

-0.031 

ns 

Diastolic  Blood  Pressure  (C) 

NS 

NS 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

Heart  Sounds  (D) 

NS 

NS 

Overall  Electrocardiograph  (ECG)  (D) 

ns 

NS 

ECG:  Right  Bundle  Branch  Block  (D) 

ns 

NS 

ECG:  Left  Bundle  Branch  Block  (D) 

ns 

_ 

ECG:  Non-Specific  ST-  and  T-Wave  Changes  (D) 

ns 

NS 

ECG:  Bradycardia  (D) 

ns 

ns 

ECG:  Tachycardia  (D) 

NS 

_ 

ECG:  Arrhythmia  (D) 

ns 

NS 

ECG:  Evidence  of  Prior  Myocardial  Infarction  (D) 

NS 

+0.012 

ECG:  Other  Diagnoses  (D) 

NS 

__ 

Funduscopic  Examination  (D) 

ns 

NS 

Carotid  Bruits  (D) 

NS 

NS 

Radial  Pulses  (D) 

ns 

_ 

Femoral  Pulses  (D) 

ns 

NS 

Popliteal  Pulses  (D) 

ns 

ns 

Dorsalis  Pedis  Pulses  (D) 

ns 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

Leg  Pulses  (D) 

ns 

NS 

Peripheral  Pulses  (D) 

ns 

NS 

Self-reported  Questionnaire 

Intermittent  Claudication  and  Vascular  Insufficiency 

ns 

NS 

Index  (ICVI)  (D) _ _ _ 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1 .00. 

-:  Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormality. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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14.4.3  Model  3:  Categorized  Dioxin  Analysis 

The  adjusted  Model  3  analysis  revealed  a  significantly  higher  occurrence  of  heart  disease  for  Ranch 
Hands  in  the  background  dioxin  category  than  for  Comparisons.  A  significantly  lower  prevalence  of 
abnormal  heart  sounds  was  found  for  Ranch  Hands  in  the  background  dioxin  category  than  for 
Comparisons.  The  percentage  of  Ranch  Hands  in  the  low  dioxin  category  with  a  history  of  heart  disease 
was  marginally  significantly  greater  than  Comparisons.  The  prevalence  of  Ranch  Hands  in  the  low  dioxin 
category  with  abnormal  ECG  findings  was  marginally  significantly  smaller  than  Comparisons.  Ranch 
Hands  in  the  high  dioxin  category  had  a  significantly  greater  prevalence  of  tachycardia  and  other  ECG 
diagnoses  than  Comparisons.  The  results  of  all  unadjusted  and  adjusted  Model  3  analyses  are 
summarized  in  Table  14-41. 


Table  14-41.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Cardiovascular  Variables 
(Ranch  Hands  vs.  Comparisons) 


vs.  Comparisons 

Ranch  Hands 
ys.  Comparisons 

g|f|  .High  'til 

vs.  Comparisons 

|  High  | 

Hands  ! 

Medical  Records 

Essential  Hypertension  (D) 

ns 

ns 

NS 

NS 

Heart  Disease  (Excluding  Essential 

+0.005 

+0.011 

ns 

NS 

Hypertension)  (D) 

Myocardial  Infarction  (D) 

ns 

ns 

NS 

NS 

Stroke  or  Transient  Ischemic  Attack  (D) 

NS 

ns 

NS 

ns 

Physical  Examination 

Systolic  Blood  Pressure  (C) 

ns 

NS 

ns* 

ns 

Systolic  Blood  Pressure  (D) 

NS 

NS 

ns 

ns 

Diastolic  Blood  Pressure  (C) 

ns 

ns 

NS* 

NS 

Diastolic  Blood  Pressure  (D) 

ns 

NS 

NS 

NS 

Heart  Sounds  (D) 

-0.047 

ns 

ns 

ns 

Overall  Electrocardiograph  (ECG)  (D) 

NS 

ns 

ns 

ns 

ECG:  Right  Bundle  Branch  Block  (D) 

ns 

ns 

NS 

ns 

ECG:  Left  Bundle  Branch  Block  (D) 

NS 

ns 

ns 

ns 

ECG:  Non-Specific  ST-  and  T-Wave 

ns 

NS 

NS 

NS 

Changes (D) 

ECG:  Bradycardia  (D) 

ns 

ns 

-0.042 

-0.020 

ECG:  Tachycardia  (D) 

NS 

ns 

+0.033 

NS 

ECG:  Arrhythmia  (D) 

ns 

NS 

ns 

NS 

ECG:  Evidence  of  Prior  Myocardial 

ns 

NS 

ns 

ns 

Infarction  (D) 

ECG:  Other  Diagnoses  (D) 

NS 

ns 

+0.042 

NS 

Funduscopic  Examination  (D) 

ns 

NS 

ns 

NS 

Carotid  Bruits  (D) 

ns 

ns 

NS 

NS 

Radial  Pulses  (D) 

NS 

NS 

NS 

NS 

Femoral  Pulses  (D) 

NS 

NS 

NS 

NS* 

Popliteal  Pulses  (D) 

ns 

NS 

NS 

NS 

Dorsalis  Pedis  Pulses  (D) 

ns 

NS 

ns 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

NS 

NS 

Leg  Pulses  (D) 

ns 

NS 

NS 

NS 

Peripheral  Pulses  (D) 

ns 

NS 

NS 

NS 
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Table  14-41.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Cardiovascular 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED  ,  r  ‘  ; 

:  Low 

Ranch  Hands 
vs.  Comparisons 

|  High  f|| 

Ranch  Hands 
vs.  Comparisons 

11;  Low-  plusf'TS^|jJ|k 

:  | j;  Ranch  Hands  }|| 
?j  vs.' Comparisons  : 

Self-reported  Questionnaire 

Intermittent  Claudication  and  Vascular 
Insufficiency  Index  (ICVI)  (D) 

ns 

NS 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

Relative  risk  <1.00. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


H  Background 
Ranch  Hands  1 
vs.  Comparisons 

Low 

Ranch  Hands 
’LVs.  Comparisons 

111  ;  |ip®  ||p 

g;  Ranch  Hands  | 
"ys.  Comparisons 

j  j  >; 

Medical  Records 

Essential  Hypertension  (D) 

ns 

ns 

NS 

NS 

Heart  Disease  (Excluding  Essential 

+0.032 

NS* 

NS 

NS 

Hypertension)  (D) 

Myocardial  Infarction  (D) 

ns 

ns 

NS 

NS 

Stroke  or  Transient  Ischemic  Attack  (D) 

ns 

ns 

NS 

NS 

Physical  Examination 

Systolic  Blood  Pressure  (C) 

NS 

ns 

ns 

ns 

Systolic  Blood  Pressure  (D) 

NS 

NS 

ns 

ns 

Diastolic  Blood  Pressure  (C) 

ns 

ns 

NS 

NS 

Diastolic  Blood  Pressure  (D) 

ns 

ns 

NS 

NS 

Heart  Sounds  (D) 

-0.041 

ns 

NS 

ns 

Overall  Electrocardiograph  (ECG)  (D) 

NS 

ns* 

NS 

ns 

ECG:  Right  Bundle  Branch  Block  (D) 

NS 

ns 

NS 

ns 

ECG:  Left  Bundle  Branch  Block  (D) 

ns 

ns 

__ 

— 

ECG:  Non-Specific  ST-  and  T-Wave 

ns 

ns 

NS 

NS 

Changes  (D) 

ECG:  Bradycardia  (D) 

ns 

ns 

ns 

ns* 

ECG:  Tachycardia  (D) 

NS 

— 

+0.032 

— 

ECG:  Arrhythmia  (D) 

ns 

NS 

NS 

NS 

ECG:  Evidence  of  Prior  Myocardial 

ns 

ns 

NS 

ns 

Infarction  (D) 

ECG:  Other  Diagnoses  (D) 

NS 

— 

+0.050 

— 

Funduscopic  Examination  (D) 

NS 

ns 

ns 

ns 

Carotid  Bruits  (D) 

NS 

ns 

NS 

ns 

Radial  Pulses  (D) 

NS 

NS 

NS 

NS 

Femoral  Pulses  (D) 

NS 

NS 

NS 

NS 
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Table  14-41 .  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Cardiovascular 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


p  l  Background  1 1 

Lysi  Comparisons  § 

L  Low 

X,  Ranch  Hands  . 
/vs.  Comparisons 

j|g  Ranch  Hands  |§f 
% $sj;  Comparisons  § 

Low  plus  High 
Ranch  Hands 
vs.  Comparisons 

Popliteal  Pulses  (D) 

ns 

NS 

NS 

NS 

Dorsalis  Pedis  Pulses  (D) 

ns 

ns 

ns 

ns 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

NS 

NS 

Leg  Pulses  (D) 

NS 

NS 

ns 

ns 

Peripheral  Pulses  (D) 

Self-reported  Questionnaire 

NS 

NS 

ns 

NS 

Intermittent  Claudication  and  Vascular 
Insufficiency  Index  (ICVI)  (D) 

ns 

ns 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  ^1.00. 

Relative  risk  <1.00. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


14.4.4  Model  4:  1987  Dioxin  Level  Analysis 

The  adjusted  Model  4  analysis  revealed  a  significant  positive  association  between  essential  hypertension 
and  1987  dioxin.  A  marginally  significant  association  between  the  evidence  of  a  prior  myocardial 
infarction,  as  determined  from  the  ECG,  and  1987  dioxin  also  was  observed.  The  results  of  all  unadjusted 
and  adjusted  Model  4  analyses  are  summarized  in  Table  14-42. 


Table  14-42.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Cardiovascular  Variables  (Ranch 
Hands  Only) 


RBS'lfe  Unadjusted; {  i 

illjljiigliiSiiii 

Medical  Records 

Essential  Hypertension  (D) 

+<0.001 

+0.011 

Heart  Disease  (Excluding  Essential  Hypertension)  (D) 

-0.004 

ns 

Myocardial  Infarction  (D) 

NS 

NS 

Stroke  or  Transient  Ischemic  Attack  (D) 

ns 

NS 

Physical  Examination 

Systolic  Blood  Pressure  (C) 

NS 

ns 

Systolic  Blood  Pressure  (D) 

NS 

ns* 

Diastolic  Blood  Pressure  (C) 

+0.014 

NS 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

14-121 


Table  14-42.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Cardiovascular  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable  . 

Unadjusted 

iltf '  •  Adjusted  llpSlI 

Heart  Sounds  (D) 

NS 

NS 

Overall  Electrocardiograph  (ECG)  (D) 

ns 

NS 

ECG:  Right  Bundle  Branch  Block  (D) 

NS 

NS 

ECG:  Left  Bundle  Branch  Block  (D) 

ns 

ns 

ECG:  Non-Specific  ST-  and  T-Wave  Changes  (D) 

NS 

NS 

ECG:  Bradycardia  (D) 

ns* 

ns 

ECG:  Tachycardia  (D) 

NS 

NS 

ECG:  Arrhythmia  (D) 

ns 

NS 

ECG:  Evidence  of  Prior  Myocardial  Infarction  (D) 

NS 

NS* 

ECG:  Other  Diagnoses  (D) 

NS 

NS 

Funduscopic  Examination  (D) 

NS 

NS 

Carotid  Bruits  (D) 

NS 

ns 

Radial  Pulses  (D) 

ns 

ns 

Femoral  Pulses  (D) 

NS 

NS 

Popliteal  Pulses  (D) 

ns 

NS 

Dorsalis  Pedis  Pulses  (D) 

ns 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

Leg  Pulses  (D) 

NS 

NS 

Peripheral  Pulses  (D) 

NS 

NS 

Self-reported  Questionnaire 

Intermittent  Claudication  and  Vascular  Insufficiency  Index  (ICVI)  (D) 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

-:  Relative  risk  <1.00. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


14.5  CONCLUSION 

Analyses  revealed  that  Ranch  Hands  had  a  significantly  higher  percentage  of  participants  with  a  history  of 
heart  disease  (excluding  essential  hypertension)  than  did  Comparisons  and,  in  particular,  within  enlisted 
flyers.  However,  the  risk  of  disease  was  not  significantly  increased  in  Ranch  Hand  enlisted 
groundcrew — the  military  occupation  with  the  highest  dioxin  levels.  The  association  between  heart 
disease  and  initial  dioxin  for  Ranch  Hands  showed  a  negative  dose-response  trend,  with  heart  disease 
decreasing  as  initial  dioxin  increased.  Furthermore,  Ranch  Hands  in  the  background  and  the  low  dioxin 
categories  had  more  heart  disease  than  did  Comparisons,  but  this  increase  was  not  seen  in  Ranch  Hands  in 
the  high  dioxin  category.  Increases  in  tachycardia  and  other  ECG  findings,  such  as  pre-excitation,  were 
seen  for  Ranch  Hands  in  the  high  dioxin  category,  although  the  analyses  were  based  on  a  sparse  number 
of  abnormalities.  A  significant  positive  association  between  initial  dioxin  and  evidence  of  prior 
myocardial  infarction  from  the  ECG  was  observed  in  Ranch  Hands,  and  a  marginally  significant  positive 
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association  was  observed  between  1987  dioxin  and  evidence  of  prior  myocardial  infarction  from  the 
ECG.  A  positive  association  between  1987  dioxin  and  essential  hypertension  also  was  observed  in  Ranch 
Hands.  In  contrast  to  previous  AFHS  examinations,  no  relation  was  found  between  peripheral  pulses  and 
any  measures  of  exposure. 

In  summary,  in  contrast  to  prior  examinations,  the  current  study  has  documented  that  Ranch  Hands  are 
more  likely  than  Comparisons  to  have  historical  evidence  for  heart  disease  (excluding  essential 
hypertension)  but  are  no  longer  at  greater  risk  for  the  occurrence  of  pulse  deficits.  By  all  other  indices, 
the  prevalence  of  cardiovascular  disease  appears  similar  in  both  cohorts.  For  the  first  time,  there  is 
evidence  that  levels  of  dioxin  may  be  a  risk  factor  for  the  development  of  essential  hypertension  and  prior 
myocardial  infarction  as  indicated  by  interpretation  of  the  ECG.  As  of  1997,  the  verified  history  of 
essential  hypertension  was  associated  with  1987  dioxin,  and  the  evidence  of  prior  myocardial  infarction 
from  the  ECG  was  associated  with  initial  dioxin.  These  findings,  in  conjunction  with  the  increase  in  the 
number  of  deaths  caused  by  diseases  of  the  circulatory  system  for  Ranch  Hand  nonflying  enlisted 
personnel  based  on  the  1994  AEHS  mortality  update  (34),  showed  associations  with  dioxin  that  require 
further  observation.  A  biological  mechanism  for  the  relation  between  dioxin  and  heart  disease  is 
unknown  at  this  time. 
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15  HEMATOLOGIC  ASSESSMENT 


15.1  INTRODUCTION 

15.1.1  Background 

Experiments  in  laboratory  animals  have  demonstrated  that  2,3,7,8-tetrachlorodibenzo-p~dioxin  (dioxin)  is 
directly  toxic  to  the  hematopoietic  system  in  several  species.  In  one  study,  dioxin  administered  in  low 
doses  (0.70  pg/kg  or  350  jag/kg  of  dioxin  by  oral  gavage)  to  monkeys  resulted  in  elevated  neutrophil 
counts  while  higher  doses  were  associated  with  lympho-  and  thrombocytopenia  (1).  A  decrease  in  overall 
cellularity  and  an  increase  in  the  myeloid-erythroid  ratio  were  noted  in  approximately  half  of  the  sternal 
bone  marrow  samples  examined  at  the  conclusion  of  the  experiment. 

Other  animal  studies  have  shown  that  the  toxic  effects  of  dioxin  on  the  hematopoietic  system  vary 
depending  on  the  dose  employed  and  the  species  examined.  In  many  reports,  it  is  difficult  to  distinguish 
primary  effects  from  those  occurring  secondary  to  systemic  toxicity.  One  study  in  rats  using  gavage 
doses  of  dioxin  varying  from  0.001  to  1.0  pg/kg  noted  depressed  red  blood  cell  (RBC)  counts  and  packed 
cell  volumes  in  the  high-dose  group  (2).  In  another  rat  experiment  employing  10  pg/kg  of  dioxin  orally, 
elevated  erythrocyte,  reticulocyte,  and  neutrophil  counts  were  noted  with  reduction  in  mean  corpuscular 
volume  (MCV),  mean  corpuscular  hemoglobin  (MCH),  platelet  counts,  and  clot  retraction  times — effects 
that  the  authors  felt  could  be  attributed  to  systemic  toxicity  with  terminal  dehydration  (3).  In  a 
multispecies  study,  mice  and  guinea  pigs  given  oral  doses  of  dioxin  varying  from  0. 1  pg/kg  to  50  pg/kg 
were  found  to  have  dose-dependent  reductions  in  leukocytes  with  relative  lymphocytopenia  within  1 
week  of  dioxin  administration,  and  thrombocytopenia  and  hemoconcentration  were  found  in  rats  (4). 

Several  animal  experiments,  although  designed  primarily  to  investigate  immunologic  sequelae  of  dioxin 
exposure,  have  focused  on  selected  hematologic  elements,  particularly  macrophages  and 
polymorphonuclear  leukocytes,  but  whether  the  responses  observed  were  secondary  to  inflammation  or 
specific  to  dioxin  is  not  known  (3,  5-7). 

More  recent  animal  research  relevant  to  the  hematopoietic  system  has  focused  on  the  altered  cellular 
differentiation  associated  with  dioxin  toxicity.  In  mice,  progenitor  cells  were  suppressed  following 
exposure  to  dioxin  in  doses  as  low  as  1 .0  pg/kg  of  body  weight,  and  in  vitro  studies  demonstrated  that 
myelotoxicity  occurs  by  a  direct  inhibition  of  proliferating  stem  cells  (8).  A  subsequent  study  from  the 
same  laboratory  demonstrated  a  direct  effect  of  dioxin  on  cultured  lymphocytes  resulting  in  a  selective 
inhibition  of  B-cell  differentiation  into  antibody-secretive  cells  (9).  In  these  and  other  studies  (10),  the 
authors  cite  evidence  for  the  role  of  the  aryl  hydrocarbon  (Ah)  receptor  in  mediating  these  myelo-  and 
lymphotoxic  effects.  In  another  report,  the  presence  of  the  Ah  receptor  was  defined  in  the  spleens  of 
numerous  primate  species  (11).  Although  Ah  receptors  have  been  isolated  in  the  tissue  of  several  human 
organs  (12-17),  the  relevance  of  these  observations  to  dioxin  hematopoietic  toxicity  remains  to  be  proven 
(18). 

In  general,  human  observational  studies  have  shown  fewer  and  less  consistent  hematologic  findings  than 
the  structured  animal  experiments.  Mortality  and  morbidity  studies  that  have  included  hematologic  data 
as  endpoints  have  been  based  on  populations  exposed  to  dioxin  by  occupation  (19-21),  environmental 
contamination  (22-26),  consequent  to  industrial  chemical  accidents  (27-33),  and  during  military  service 
in  Southeast  Asia  (SEA)  (34-39). 
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In  the  cancer  mortality  study  reported  by  the  National  Institute  of  Occupational  Safety  and  Health,  one  of 
few  to  incorporate  serum  dioxin  data  into  the  analyses,  there  was  no  significant  increase  in  the  relative 
risk  of  hematologic  malignancies  associated  with  exposure  to  dioxin  in  either  the  entire  cohort  or  in  a 
subcohort  with  more  than  20  years  of  latency  (19).  Numerous  studies  have  been  conducted  on  cohorts 
that  were  exposed  to  dioxin  by  contamination  of  soil  at  the  Quail  Run  (22-24)  and  Times  Beach  (25) 
residential  areas  of  Missouri.  With  one  exception,  no  differences  were  found  in  any  of  the  hematologic 
parameters  examined.  In  the  Times  Beach  study,  a  statistically  significant  increase  in  the  mean  platelet 
count  was  noted  in  the  exposed  cohort  relative  to  the  unexposed,  but  the  difference  (281,927  mm3  vs. 
249,061  mm3)  was  not  considered  clinically  meaningful.  A  follow-up  study,  the  first  to  report  clinical 
hematologic  indices  in  relation  to  tissue  levels  of  dioxin  (26),  found  no  abnormalities  in  the  complete 
blood  count  related  to  the  body  burden  of  dioxin. 

A  clinical  epidemiological  study  was  conducted  30  years  after  an  explosion  in  a  trichlorophenol  plant  in 
Nitro,  West  Virginia.  The  study  compared  204  highly  exposed  employees,  86  percent  of  whom  had 
developed  chloracne,  with  163  employees  who  were  not  exposed  (27).  No  significant  differences  were 
found  in  the  standard  hematologic  indices.  A  recent  mortality  experience  study  of  754  workers  employed 
at  the  same  plant,  122  of  whom  had  sufficiently  severe  dioxin  exposure  to  cause  chloracne,  found  no 
increased  mortality  associated  with  all  lymphatic  and  hematopoietic  malignancies  (32). 

The  monitoring  of  the  populations  heavily  exposed  to  dioxin  during  the  Seveso,  Italy,  hexachlorophene 
manufacturing  plant  explosion  in  1976  and  at  the  BASF  chemical  plant  in  1953  continues  to  generate 
reports  of  medical  surveillance.  Although  transient  depression  of  the  peripheral  white  blood  cell  (WBC) 
count  after  dioxin  exposure  has  been  documented  (20,  21),  a  morbidity  study  of  workers  involved  in  the 
cleanup  of  the  Seveso  environs  found  no  differences  in  selected  hematologic  indices  (hemoglobin,  WBC 
count,  and  platelets)  between  exposed  subjects  and  controls  (33).  In  the  most  recent  report  on  the  BASF 
population,  exposed  subjects  had  a  significantly  higher  erythrocyte  sedimentation  rate  than  referents  (6.53 
mm/hr  vs.  4.95  mm/hr),  but  no  differences  were  noted  in  the  WBC  count,  platelet  count,  or  hemoglobin 
(20). 

In  previous  reports  of  the  Air  Force  Health  Study  (AFHS)  (35-37),  Ranch  Hand  participants  were  found 
to  have  slightly  higher  mean  platelet  counts  than  Comparisons  and,  in  the  1987  follow-up  examinations 
(37),  a  significantly  greater  percentage  of  abnormally  high  platelet  counts  as  well.  In  the  serum  dioxin 
analysis  of  the  1987  examinations  (38),  Ranch  Hands  with  the  highest  current  serum  dioxin  levels  had 
higher  mean  platelet  and  total  WBC  counts  than  Comparisons,  results  that  raised  the  possibility  of  a 
chronic  inflammatory  response  associated  with  dioxin  levels.  In  the  1992  examinations,  when  the  results 
were  adjusted  for  covariates,  no  significant  group  differences  were  noted  between  the  Ranch  Hand  and 
Comparison  cohorts,  nor  was  there  any  evidence  for  a  persistent  inflammatory  response  related  to  prior 
exposure  to  dioxin  (39). 

1 5. 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
15.1.2.1  1 982  Baseline  Study  Summary  Results 

The  functional  integrity  of  the  hematopoietic  system  was  assessed  at  the  1982  baseline  examination  by 
the  measurement  of  eight  peripheral  blood  variables:  RBC  count,  WBC  count,  hemoglobin,  hematocrit, 
MCV,  MCH,  mean  corpuscular  hemoglobin  concentration  (MCHC),  and  platelet  count.  These  variables 
were  analyzed  in  the  discrete  form  to  detect  differences  in  the  percentages  of  values  outside  the  designed 
laboratory  range,  as  well  as  analyzed  in  the  continuous  form  to  detect  shifts  in  mean  values  between  the 
Ranch  Hand  and  Comparison  groups. 
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The  Ranch  Hand  group  had  a  significantly  higher  adjusted  mean  MCV  and  MCH  than  the  Comparison 
group  (p-0.05  and  p=0.04,  respectively),  although  the  magnitude  of  the  difference  was  small  in  each  case. 
The  Ranch  Hand  adjusted  mean  values  for  five  other  parameters  (i.e.,  RBC,  WBC,  hemoglobin, 
hematocrit,  and  MCHC)  were  nearly  identical  to  the  adjusted  mean  values  of  the  Comparison  group.  The 
mean  platelet  count  for  Ranch  Hands  was  marginally  significantly  greater  than  the  Comparison  mean 
count  (p=0.06).  The  percent  of  abnormal  values  for  these  eight  variables,  as  established  by  the  upper  and 
lower  limits  of  normal,  did  not  differ  significantly  between  the  two  groups. 

15.1.2.2  1985  Follow-up  Study  Summary  Results 

The  same  eight  peripheral  blood  variables  (i.e.,  RBC,  WBC,  hemoglobin,  hematocrit,  MCV,  MCH, 
MCHC,  and  platelet  count)  were  analyzed  in  the  1985  follow-up  study.  The  unadjusted  discrete  analysis 
of  the  percent  abnormal  values,  both  low  and  high,  showed  no  statistically  significant  difference  between 
the  Ranch  Hand  and  Comparison  groups  for  any  of  the  hematologic  variables.  Similarly,  in  the  adjusted 
discrete  analyses,  none  of  the  adjusted  relative  risks  was  significant. 

As  no  subgroup  demonstrated  consistent  patterns  of  hematologic  impairment,  biologic  relevance  was  not 
assigned  to  the  interactions.  The  significant  group  differences  found  for  MCV  and  MCH  at  the  baseline 
examination  were  not  present  in  the  1985  follow-up  analyses.  The  covariate  effects  of  age,  race, 
occupation,  and  lifetime  smoking  history  were  highly  significant  for  many  of  the  hematologic  variables. 

The  longitudinal  analyses  of  MCV,  MCH,  and  platelet  count  found  a  significant  group  difference  for 
platelet  count,  with  the  Ranch  Hands  having  an  average  decrease  in  platelet  count  between  examinations 
and  the  Comparisons  having  an  average  increase.  As  a  result,  the  baseline  group  difference 
(nonsignificant)  in  mean  values  approached  equality  at  the  1985  follow-up  examination. 

In  conclusion,  none  of  the  eight  hematologic  variable  means  was  found  to  differ  significantly  between  the 
Ranch  Hand  and  Comparison  groups.  The  expected  effects  of  age,  race,  and  smoking  were  demonstrated 
with  most  of  the  hematologic  variables.  The  longitudinal  analyses  also  suggested  that  neither  group 
manifested  an  impairment  of  the  hematopoietic  system.  Exposure  index  analyses  did  not  support  a 
plausible  dose-response  relation  for  any  of  the  hematologic  variables. 

15.1.2.3  1987  Follow-up  Study  Summary  Results 

The  hematologic  status  of  the  Ranch  Hand  and  Comparison  groups  was  assessed  by  the  examination  of 
the  same  eight  variables  used  in  the  two  previous  examinations:  RBC,  WBC,  hemoglobin,  hematocrit, 
MCV,  MCH,  MCHC,  and  platelet  count.  There  were  no  statistically  significant  differences  between  the 
Ranch  Hand  and  Comparison  groups  for  mean  RBC  count,  hemoglobin,  hematocrit,  MCV,  MCH,  and 
MCHC,  in  analyses  either  unadjusted  or  adjusted  for  the  covariates  of  age,  race,  occupation,  current 
cigarette  smoking,  and  lifetime  cigarette  smoking  history.  For  WBC  count,  the  unadjusted  mean  level 
was  significantly  greater  in  Ranch  Hands  than  in  Comparisons.  The  difference  was  not  statistically 
significant  after  adjustment  for  covariates,  nor  were  significant  differences  detected  in  the  percentage  of 
individuals  with  abnormal  values. 

Mean  platelet  counts  also  were  significantly  greater  in  Ranch  Hands  than  in  Comparisons,  as  was  the 
percentage  of  individuals  with  abnormally  high  platelet  counts.  Longitudinal  analyses  detected  a 
significantly  greater  decrease  in  the  mean  platelet  count  in  Ranch  Hands  than  in  Comparisons,  despite  the 
higher  overall  mean  count,  from  the  baseline  examination  to  the  1987  follow-up  examination. 
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15.1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

The  number  of  dependent  hematologic  variables  was  increased  from  eight  to  nine  with  the  addition  of 
prothrombin  time.  Several  of  the  nine  variables  showed  an  association  with  initial  dioxin  in  the 
unadjusted  model,  but  when  the  model  was  adjusted  for  covariates,  the  associations  became 
nonsignificant.  Hemoglobin  and  hematocrit  were  positively  associated  with  current  dioxin  when  time 
since  duty  in  SEA  was  no  more  than  18.6  years  and  negatively  associated  with  current  dioxin  when  time 
since  duty  in  SEA  was  greater  than  18.6  years.  For  the  discrete  RBC  count  analysis,  the  relative  risk  of 
an  abnormally  low  count  was  less  than  one  when  time  since  duty  in  SEA  did  not  exceed  18.6  years  and 
was  greater  than  one  when  time  since  duty  in  SEA  was  more  than  18.6  years.  Because  a  low  RBC  count 
was  considered  abnormal  for  the  purpose  of  these  statistical  analyses,  the  trend  in  relation  to  current 
dioxin  was  similar  to  that  in  the  continuous  analyses  of  hemoglobin  and  hematocrit.  In  the  discrete 
analysis  of  prothrombin  time,  the  trend  in  relation  to  current  dioxin  also  was  similar  to  that  in  the 
continuous  analyses  of  hemoglobin  and  hematocrit.  In  the  categorized  current  dioxin  analyses,  whenever 
the  overall  contrast  showed  significant,  or  marginally  significant,  differences  among  the  categories,  the 
mean  level  or  percent  abnormal  in  the  three  categories  of  Ranch  Hands  (i.e.,  officers,  enlisted  flyers,  and 
enlisted  groundcrew)  tended  to  exceed  the  corresponding  mean  level  or  percent  abnormal  in  the 
background  category  that  consisted  of  Comparisons.  The  longitudinal  analyses  of  MCV,  MCH,  and 
platelet  count  displayed  no  significant  associations  with  dioxin. 

In  summary,  the  results  of  the  previous  analysis  revealed  no  meaningful  association  between 
hematopoietic  toxicity  and  dioxin  exposure.  Statistical  analyses  of  two  variables  (WBC  and  platelet 
count)  raised  the  possibility  of  subtle  biologic  effects  that  cannot  be  considered  clinically  meaningful  but 
did  point  to  the  need  for  follow-up  in  future  AFHS  examinations.  The  increased  platelet  and  WBC 
counts,  in  addition  to  the  elevation  of  erythrocyte  sedimentation  rates  (in  the  general  health  assessment), 
were  thought  to  indicate  the  presence  of  a  chronic  inflammatory  response  to  dioxin  exposure. 

15.1.2.5  1992  Follow-up  Study  Summary  Results 

The  number  of  dependent  hematologic  variables  was  increased  from  9  to  13  with  elimination  of  MCV, 
MCH,  and  MCHC  and  the  addition  of  RBC  morphology  (normal,  abnormal),  absolute  neutrophils  (segs), 
absolute  neutrophils  (bands),  absolute  lymphocytes,  absolute  monocytes,  absolute  eosinophils,  and 
absolute  basophils.  The  13  endpoints  analyzed  in  the  hematology  assessment  provided  a  comprehensive 
evaluation  of  the  three  peripheral  blood  lines  (erythrocytes,  leukocytes,  and  platelets)  and  their  relation  to 
dioxin  exposure.  In  the  analyses  of  these  variables,  only  platelet  count  exhibited  significant  associations 
with  the  herbicide  exposure  indices.  Ranch  Hands  in  the  enlisted  flyer  and  enlisted  groundcrew 
categories  possessed  statistically  significant  higher  mean  platelet  counts  than  Comparisons,  although  the 
result  was  not  considered  meaningful  from  a  clinical  point  of  view.  Analyses  using  extrapolated  levels  of 
initial  dioxin  showed  that  Ranch  Hands  with  high  dioxin  levels  had  significantly  greater  mean  platelet 
count  measurements  than  Comparisons.  Platelet  counts  also  were  positively  associated  with  current 
serum  dioxin  measurements,  although  the  association  became  nonsignificant  when  adjusted  for 
covariates.  The  1992  follow-up  results  supported  the  results  found  in  both  the  1987  follow-up  study  and 
in  the  serum  dioxin  analysis  of  the  1987  follow-up  study,  but  the  biologic  meaning  was  uncertain. 

Results  from  the  1987  follow-up  study  generated  questions  regarding  the  possibility  of  a  subclinical 
inflammatory  response  associated  with  prior  dioxin  exposure.  This  was  due  to  elevated  mean  WBC 
counts,  platelet  counts,  and  eiythrocyte  sedimentation  rates  in  Ranch  Hands.  The  1992  follow-up  study 
did  not  produce  significant  results  to  support  this  possibility.  Therefore,  in  conclusion,  there  was  no 
evidence  from  the  1992  follow-up  study  that  suggested  an  association  between  hematopoietic  toxicity  and 
prior  dioxin  exposure. 
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15.13  Parameters  for  the  1997  Hematologic  Assessment 

15.1.3.1  Dependent  Variables 

The  analysis  of  the  hematologic  assessment  consisted  of  data  from  the  laboratory  examination  only.  No 
questionnaire  or  physical  examination  data  were  analyzed. 

15. 1.3. 1. 1  Laboratory  Examination  Data 

A  total  of  13  hematology  variables  measured  at  the  laboratory  as  part  of  the  1997  follow-up  examination 
were  analyzed  statistically.  These  variables  were  the  same  as  those  studied  in  1992  and  included  five  cell 
counts,  one  RBC  morphology,  six  measures  of  absolute  blood  counts,  and  a  coagulation  measure 
(prothrombin  time).  These  variables  were  determined  by  routine  hematologic  procedures.  In  particular, 
the  cell  count  indices  were  performed  on  the  Coulter  STKS®  automated  instrument,  and  prothrombin  time 
was  measured  on  the  AM  AX  CS-190®  instrument.  All  dependent  variables  were  analyzed  in  the 
continuous  form,  except  for  the  RBC  morphology.  RBC  count,  WBC  count,  hemoglobin,  hematocrit, 
platelet  count,  prothrombin  time,  and  the  RBC  morphology  also  were  analyzed  in  their  discrete  form, 
using  Scripps  Clinic  normal  ranges  as  cutpoints.  RBC  count,  WBC  count,  hemoglobin,  hematocrit,  and 
platelet  count  were  trichotomized  as  abnormal  low,  normal,  and  abnormal  high. 

RBC  morphology  was  constructed  from  a  number  of  laboratory  conditions,  many  of  which  were  minor 
abnormalities.  Conditions  considered  to  be  abnormal  for  the  1997  follow-up  included  rouleaux.  Burr 
cells,  moderate  microcytes,  many  microcytes,  moderate  macrocytes,  moderate  amount  of  ovalocytes, 
hypochromia,  anisocytosis,  slight  polychromasia,  slight  baso-stippling,  moderate  stomatocytes, 
schistocytes,  Howell-Jolly  bodies,  few  teardrop  cells,  and  Papperheimer  bodies.  Participants  with  few 
ovalocytes,  few  microcytes,  few  macrocytes,  and  slight  macrocytes  were  considered  to  be  normal  for 
RBC  morphology. 

Participants  testing  positive  for  the  human  immunodeficiency  virus  (HIV)  were  excluded  from  the 
analysis  of  all  variables.  Participants  with  a  fever  (body  temperature  greater  than  or  equal  to  100° 
Fahrenheit)  at  the  time  of  the  examination  were  excluded  from  the  analysis  of  all  variables  except 
prothrombin  time.  Participants  taking  an  anticoagulant  (such  as  Coumadin®)  or  aspirin  at  the  time  of  the 
examination  also  were  excluded  from  the  analysis  of  prothrombin  time.  In  addition,  one  participant  had  a 
hemolyzed  specimen  for  prothrombin  time  and  was  excluded  from  the  analysis  of  this  variable. 

15. 1.3.2  Covariates 

Age,  race,  military  occupation,  current  level  of  cigarette  smoking  (cigarettes/day),  and  lifetime  cigarette 
smoking  history  (pack-years)  were  used  as  covariates  in  adjusted  statistical  analyses  evaluating  the 
hematologic  dependent  variables. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Current  cigarette  smoking  and 
lifetime  cigarette  smoking  history  were  based  on  questionnaire  data.  For  lifetime  cigarette  smoking 
history,  the  respondent’s  average  smoking  was  estimated  over  his  lifetime  based  on  his  responses  to  the 
1997  questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes  smoked  during  a  single  year. 

15.1.4  Statistical  Methods 

Table  15-1  summarizes  the  statistical  analyses  performed  for  the  hematologic  assessment.  The  first  part 
of  this  table  describes  the  dependent  variables  analyzed.  The  second  part  of  this  table  provides  a  further 
description  of  the  covariates  examined.  A  covariate  was  used  in  its  continuous  form  whenever  possible 
for  all  adjusted  analyses;  if  necessary,  if  the  co variate  is  inherently  discrete  (e.g.,  military  occupations),  or 
if  a  categorized  form  was  needed  to  develop  measures  of  association  with  the  dependent  variables,  the 
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covariate  was  categorized  as  shown  in  Table  15-1.  Table  15-2  provides  a  summary  of  the  number  of 
participants  with  missing  dependent  variable  and  covariate  data.  In  addition,  the  number  of  participants 
excluded  because  of  medical  conditions  is  given. 


Table  15-1.  Statistical  Analysis  for  the  Hematologic  Assessment 


Dependent  Variables 


Siliiililiiii' 

lWl®B 

siian 

Covariates8 

Exclusions'1 

Statistical 
f§  Analysis  and  |J 
iiMiltlf  Methods  fj§ 

RBC  Count 
(million/mm3) 

LAB 

D/C 

Abnormal  Low:  <4.3 
Normal:  4. 3-5. 9 
Abnormal  High:  >5.9 

(1) 

(a) 

U:PR,GLM 

A:PR,GLM 

WBC  Count 
(thousand/mm3) 

LAB 

D/C 

Abnormal  Low:  <4.5 
Normal:  4.5-11.0 
Abnormal  High:  >11.0 

(1) 

(a) 

U:PR,GLM 

A:PR,GLM 

Hemoglobin  (gm/dl) 

LAB 

D/C 

Abnormal  Low:  <13.9 
Normal:  13.9-18.0 
Abnormal  High:  >18.0 

(1) 

(a) 

U:PR,GLM,CS 

A:PR,GLM 

Hematocrit  (percent) 

LAB 

D/C 

Abnormal  Low:  <39.0 
Normal:  39.0-55.0 
Abnormal  High:  >55.0 

0) 

(a) 

U:PR,GLM,CS 

A:PR,GLM 

Platelet  Count 
(thousand/mm3) 

LAB 

D/C 

Abnormal  Low:  <130 
Normal:  130-400 
Abnormal  High:  >400 

a) 

(a) 

U:PR,GLM,CS 

A:PR,GLM 

L:PR,GLM 

Prothrombin  Time 
(seconds) 

LAB 

D/C 

High:  >12.3 
Normal:  <12.3 

(1) 

(b) 

U:LR,GLM,CS 

A:LR,GLM 

RBC  Morphology 

LAB 

D 

Abnormal 

Normal 

(1) 

(a) 

U:LR 

A:LR 

Absolute  Neutrophils 
(segs) 

(thousand/mm3) 

LAB 

C 

- 

(1) 

(a) 

U:GLM 

A:GLM 

Absolute  Neutrophils 
(bands) 

(thousand/mm3) 

LAB 

D/C 

Zero 

Nonzero 

(1) 

(a) 

U:LR,GLM 

A:LR,GLM 

Absolute 

Lymphocytes 

(thousand/mm3) 

LAB 

C 

- 

(1) 

(a) 

U:GLM 

A:GLM 

Absolute  Monocytes 
(thousand/mm3) 

LAB 

c 

- 

(1) 

(a) 

U:GLM 

A:GLM 

Absolute  Eosinophils 
(thousand/mm3) 

LAB 

D/C 

Zero 

Nonzero 

(1) 

(a) 

U:LR,GLM 

A:LR,GLM 

Absolute  Basophils 
(thousand/mm5) 

LAB 

D/C 

Zero 

Nonzero 

(1) 

(a) 

U:LR,GLM 

A:LR,GLM 

aCo  variates: 

(1):  age,  race,  military  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history. 
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Table  15-1.  Statistical  Analysis  for  the  Hematologic  Assessment  (Continued) 

Exclusions: 

(a) :  participants  with  body  temperatures  greater  than  or  equal  to  100°  Fahrenheit,  participants  testing  positive  for 
HIV. 

(b) :  participants  testing  positive  for  HIV,  participants  taking  an  anticoagulant  (such  as  Coumadin®)  or  aspirin  at  the 


time  of  the  examination. 

Covariates 

Data  Source 

Data  Form  Mi 

^S.|,v?^Cutpoitits  JjJ  ,>  * 

Age  (years) 

MIL 

D/C 

Born  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Current  Cigarette  Smoking  (cigarettes/day) 

Q-SR 

D/C 

0-Never 

0-Former 

>0-20 

>20 

Lifetime  Cigarette  Smoking  History  (pack-years) 

Q-SR 

D/C 

0 

>0-10 

>10 

Abbreviations 

Data  Source: 

LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 

Q-SR:  Health  questionnaires  (self-reported) 

Data  Form: 

C:  Continuous  analysis  only 

D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 

Statistical  Analysis: 

U:  Unadjusted  analysis 

A:  Adjusted  analysis 

L:  Longitudinal  analysis 

Statistical  Methods: 

CS:  Chi-square  contingency  table  analysis  (continuity-adjusted) 

GLM:  General  linear  models  analysis 

LR:  Logistic  regression  analysis 

PR:  Polytomous  logistic  regression  analysis 
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Table  15-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Hematology 
Assessment 

Ills® 

Categorized  Dioxin 

^.6?  >’§M 

Variable^ 

Ran<&; 
Hand ; 

Initial 

1 

|  Ranch  § 
Hand 

Cdmpansdji 

Platelet  Count 

DEP 

4 

6 

2 

4 

4 

6 

Prothrombin  Time 

DEP 

0 

1 

0 

0 

0 

1 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette 

Smoking  History 

COV 

2 

1 

1 

2 

2 

1 

Body  Temperature  >100° 
Fahrenheit  at  the  Time  of 
the  Physical  Exam 

EXC 

1 

0 

1 

1 

1 

0 

HIV  Positive 

EXC 

3 

2 

3 

3 

3 

2 

Taking  an  Anticoagulant  or 
Aspirin  at  the  Time  of  the 
Physical  Exam 

EXC 

179 

232 

104 

176 

176 

223 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


Absolute  neutrophils  (bands),  absolute  eosinophils,  and  absolute  basophils  had  a  large  number  of 
measurements  equal  to  0  counts  per  mm3.  The  nonzero  measurements  exhibited  a  positively  skewed 
distribution,  and  a  logarithmic  transformation,  however,  was  applied  to  achieve  an  approximate  normal 
distribution.  The  logarithmic  transformation,  however,  could  not  be  applied  to  the  measurements  equal  to 
0  counts  per  mm3.  Consequently,  these  variables  were  analyzed  in  two  forms:  (a)  a  continuous  analysis 
of  the  nonzero  measurements  and  (b)  a  discrete  analysis  of  the  proportion  of  zero  measurements. 

15. 1.4. 1  Longitudinal  Analysis 

Longitudinal  analyses  on  platelet  count  were  conducted  to  evaluate  the  association  of  exposure  to  mean 
changes  between  the  1982  baseline  examination  and  the  1997  follow-up  examination. 

15.2  RESULTS 

1 5.2. 1  Dependent  Variable-Co variate  Associations 

Tests  of  associations  were  performed  for  each  dependent  variable  in  the  hematology  assessment  with  each 
co variate.  Results  are  displayed  in  Appendix  F,  Table  F-7.  These  associations  are  pairwise  between  the 
dependent  variable  and  the  covariate  and  are  not  adjusted  for  any  other  covariates.  Participants  who 
tested  positive  for  HIV  or  who  had  a  body  temperature  greater  than  or  equal  to  100°  Fahrenheit  were 
excluded  from  the  analysis  of  all  variables  except  prothrombin  time.  The  analysis  of  prothrombin  time 
included  all  participants  except  those  testing  positive  for  HIV  or  those  taking  an  anticoagulant  or  aspirin 
at  the  time  of  the  examination.  In  addition,  one  participant  had  a  hemolyzed  specimen  for  prothrombin 
time  and  was  excluded  from  the  analysis  of  this  variable. 
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RBC  count  in  its  continuous  form  displayed  a  significant  association  with  age  (p<0.001),  occupation 
(pcO.OOl),  current  cigarette  smoking  (p=0.003),  and  lifetime  cigarette  smoking  history  (p=0.031).  RBC 
count  decreased  as  age  increased  (r=-0.181).  Among  the  occupational  strata,  enlisted  groundcrew 
displayed  the  highest  mean  RBC  count  (5.01  million/mm3),  followed  by  enlisted  flyers  (4.95  million/ 
mm3),  then  officers  (4.90  million/mm3).  RBC  count  increased  as  current  cigarette  smoking  increased 
(r=0.064).  Conversely,  as  lifetime  cigarette  smoking  increased,  RBC  count  decreased  (r=-0.047). 

Tests  of  covariate  associations  involving  RBC  count  in  its  discrete  form  revealed  significant  findings  for 
age  (p=0.001)  and  race  (p=0.001).  The  prevalence  of  both  low  and  high  RBC  abnormalities  were  higher 
among  older  participants  and  among  Blacks. 

Significant  associations  were  found  between  WBC  count  in  its  continuous  form  and  race  (p<0.001), 
occupation  (p<0.001),  current  cigarette  smoking  (p<0.001),  and  lifetime  cigarette  smoking  history 
(p<0.001).  Non-Blacks  had  a  higher  mean  WBC  count  (6.71  thousand/mm3)  than  did  Blacks  (5.94 
thousand/mm3).  Enlisted  groundcrew  had  the  highest  mean  WBC  count  (6.91  thousand/mm3),  followed 
by  enlisted  flyers  (6.80  thousand/mm3),  then  officers  (6.33  thousand/mm3).  The  current  cigarette  smoking 
and  lifetime  cigarette  smoking  history  associations  were  positive  (r=0.395  and  r=0.236,  respectively), 
indicating  WBC  count  increased  as  the  level  of  current  cigarette  smoking  and  the  level  of  lifetime 
cigarette  smoking  history  increased. 

Analysis  of  WBC  count  in  its  discrete  form  revealed  significant  associations  with  race  (p=0.001),  current 
cigarette  smoking  (p=0.001),  and  lifetime  cigarette  smoking  history  (p=0.001),  and  a  marginally 
significant  association  with  occupation  (p=0.056).  Blacks  displayed  a  higher  percentage  of  abnormally 
low  WBC  counts  (18.8%)  than  did  non-Blacks  (4.5%),  but  a  lower  percentage  of  abnormally  high  WBC 
counts  (2.3%)  than  non-Blacks  (3.7%).  Officers  displayed  the  highest  percentage  of  abnormally  low 
WBC  counts  (6.1%),  but  the  lowest  percentage  of  abnormally  high  WBC  counts  (2.3%).  Enlisted  flyers 
had  the  lowest  percentage  of  abnormally  low  WBC  counts  (4.7%),  while  also  displaying  the  highest 
percentage  of  abnormally  high  WBC  counts  (5.3%).  Participants  who  had  never  smoked  displayed  the 
highest  percentage  of  abnormally  low  WBC  count  levels  (7.9%).  The  percentage  of  abnormally  low 
WBC  counts  decreased  as  current  cigarette  smoking  levels  increased.  The  converse  was  true  for  the 
percentage  of  abnormally  high  WBC  count  levels.  Participants  smoking  more  than  20  cigarettes  per  day 
had  the  highest  percentage  of  abnormally  high  WBC  counts  (16.1%),  while  nonsmokers  had  the  lowest 
(1.4%).  The  tests  of  association  with  lifetime  cigarette  smoking  history  were  similar  to  current  cigarette 
smoking.  Participants  who  had  never  smoked  had  the  highest  percentage  of  abnormally  low  WBC  counts 
(7.9%),  while  participants  in  the  more  than  10  pack-years  category  displayed  the  highest  percentage  of 
abnormally  high  WBC  counts  (5.3%). 

Tests  of  associations  with  hemoglobin  in  its  continuous  form  revealed  significant  results  for  age 
(p<0.001),  race  (p<0.001),  and  current  cigarette  smoking  (p<0.001).  The  association  with  occupation  was 
marginally  significant  (p=0.076).  Hemoglobin  levels  decreased  as  age  increased  (r=-0.137).  Non-Blacks 
had  a  higher  hemoglobin  mean  (15.36  gm/dl)  than  Blacks  (14.77  gm/dl),  while  the  highest  hemoglobin 
mean  was  found  among  enlisted  groundcrew  (15.37  gm/dl).  Hemoglobin  levels  increased  as  current 
cigarette  smoking  levels  increased  (r=0.213). 

Hemoglobin  in  its  discrete  form  also  showed  significant  associations  with  age  (p=0.002),  race  (p=0.001), 
and  current  cigarette  smoking  (p=0.031).  The  percentage  of  abnormally  low  hemoglobin  levels  was 
higher  among  older  participants  (8.3%)  than  among  younger  participants  (4.5%).  Blacks  displayed  a 
higher  percentage  of  abnormally  low  hemoglobin  levels  (17.2%)  than  non-Blacks  (6.0%).  Former 
cigarette  smokers  had  the  highest  percentage  of  abnormally  low  hemoglobin  levels  (8.1%),  whereas  2.2 
percent  of  participants  smoking  more  than  an  average  of  20  cigarettes  per  day  had  abnormally  low 
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hemoglobin  levels.  Participants  who  smoked  no  more  than  20  cigarettes  per  day  displayed  the  highest 
percentage  of  abnormally  high  hemoglobin  levels  (1.1%),  while  participants  who  had  never  smoked  had 
the  lowest  percentage  (0.3%). 

Significant  associations  with  hematocrit  in  its  continuous  form  were  observed  for  age  (p<0.001),  race 
(pcO.OOl),  occupation  (p=0.050),  and  current  cigarette  smoking  (pcO.OOl).  A  marginally  significant 
association  was  found  with  lifetime  cigarette  smoking  history  (p=0.085).  Hematocrit  levels  decreased  as 
age  increased  (r=-0.121).  The  mean  level  of  hematocrit  was  45.65  percent  for  non-Blacks,  compared  to 
44.49  percent  for  Blacks.  Within  the  occupational  strata,  mean  levels  of  hematocrit  were  45.38  percent, 
45.62  percent,  and  45.74  percent  for  officers,  enlisted  flyers,  and  enlisted  groundcrew,  respectively. 
Hematocrit  levels  increased  as  current  cigarette  smoking  increased  (r=0.209).  Hematocrit  levels 
increased  as  lifetime  cigarette  smoking  levels  increased  (r=0.037). 

Age  was  significantly  associated  with  hematocrit  in  its  discrete  form  (p=0.014).  The  percentage  of 
abnormally  low  hematocrit  levels  was  higher  among  older  participants  (3.2%)  than  among  younger 
participants  (1.3%).  The  percentage  of  abnormally  high  levels  of  hematocrit  was  0.3  percent  for  older 
participants  compared  to  0.2  percent  for  younger  participants. 

Platelet  count  in  its  continuous  form  displayed  significant  associations  with  age  (pcO.OOl),  occupation 
(p=0.015),  current  cigarette  smoking  (p=0.005),  and  lifetime  cigarette  smoking  history  (pcO.OOl).  Tests 
of  association  revealed  that  platelet  count  decreased  as  age  increased  (r=-0.120).  Platelet  count  means 
were  highest  among  enlisted  groundcrew  (208.2  thousand/mm3),  followed  by  enlisted  flyers  (205.5 
thousand/mm3),  then  officers  (201.6  thousand/mm3).  Positive  relations  between  platelet  count  and  current 
cigarette  smoking  (r=0.062)  and  lifetime  cigarette  smoking  history  (r=0.094)  indicated  that  platelet  counts 
increased  as  the  number  of  cigarettes  per  day  and  the  number  of  pack-years  increased,  respectively. 

Age  was  significantly  associated  with  platelet  count  in  its  discrete  form  (p=0.022).  Current  cigarette 
smoking  was  marginally  significantly  associated  with  platelet  count  (p=0.070).  The  rate  of  abnormally 
low  platelet  counts  was  3.7  percent  among  older  participants  and  1.9  percent  among  younger  participants. 
The  rate  of  abnormally  high  platelet  counts  was  also  higher  among  older  participants  (0.6%)  than  among 
younger  participants  (0.2%).  Abnormally  low  platelet  counts  were  most  prevalent  among  participants 
who  smoked  no  more  than  20  cigarettes  per  day  on  average  (3.4%).  The  highest  percentage  of 
abnormally  high  platelet  counts  was  among  participants  smoking  more  than  20  cigarettes  per  day  (2.2%). 

Prothrombin  time  in  its  continuous  form  was  significantly  associated  with  age  (pcO.OOl).  Prothrombin 
time  increased  as  age  increased  (r=0.096).  The  association  was  marginally  significant  between  age  and 
the  discrete  form  of  prothrombin  time  (p=0.077).  A  greater  percentage  of  participants  with  abnormal 
(high)  prothrombin  times  was  observed  in  older  participants  (1.9%)  than  in  younger  participants  (0.8%). 

RBC  morphology  was  significantly  associated  with  age,  race,  current  cigarette  smoking,  and  lifetime 
cigarette  smoking  history  (p=0.013,  p=0.001,  p=0.001,  and  p=0.001,  respectively).  The  association 
between  RBC  morphology  and  occupation  was  marginally  significant  (p=0.072).  Older  participants  and 
Blacks  displayed  the  higher  percentages  of  RBC  morphology  abnormalities  (8.0%  and  14.1%, 
respectively)  as  compared  to  younger  participants  and  non-Blacks  (5.2%  and  6.3%,  respectively).  The 
RBC  morphology  abnormality  rates  increased  as  the  levels  of  current  cigarette  smoking  and  lifetime 
cigarette  smoking  history  each  increased  (3.7%,  7.3%,  9.7%,  and  10.2%  for  the  four  current  cigarette 
smoking  categories  and  3.7%,  7.0%,  and  8.5%  for  the  three  lifetime  cigarette  smoking  history  categories). 
The  percentages  of  abnormalities  were  9.5  for  enlisted  flyers,  6.7  for  enlisted  groundcrew,  and  5.8  for 
officers. 
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Examination  of  absolute  neutrophils  (segs)  displayed  significant  covariate  associations  with  race 
(p<0.001),  occupation  (pcO.OOl),  current  cigarette  smoking  (pcO.OOl),  and  lifetime  cigarette  smoking 
history  (pcO.OOl).  Mean  absolute  neutrophils  (segs)  levels  were  3.88  thousand/mm3  for  non-Blacks  and 
3.13  thousand/mm3  for  Blacks.  Within  the  occupational  strata,  mean  absolute  neutrophils  (segs)  levels 
were  highest  among  enlisted  groundcrew  (4.00  thousand/mm3),  followed  by  enlisted  flyers  (3.94 
thousand/mm3),  then  officers  (3.60  thousand/mm3).  Absolute  neutrophils  (segs)  increased  as  current 
cigarette  smoking  and  lifetime  cigarette  smoking  increased  (r=0.347  and  r=0.214,  respectively). 

For  participants  with  positive  absolute  neutrophil  (bands)  levels,  significant  covariate  associations  were 
seen  with  age  (p=0.003),  race  (pcO.OOl),  current  cigarette  smoking  (pcO.OOl),  and  lifetime  cigarette 
smoking  history  (pcO.OOl).  The  level  of  absolute  neutrophil  (bands)  increased  as  age,  current  cigarette 
smoking,  and  lifetime  cigarette  smoking  history  increased  (r=0.071  for  age,  r=0.188,  for  current  cigarette 
smoking;  r=0.133  for  lifetime  cigarette  smoking  history).  The  significant  absolute  neutrophil  (bands) 
association  with  race  revealed  a  mean  of  0.200  thousand/mm3  for  non-Blacks  and  a  mean  of  0.120 
thousand/mm3  for  Blacks.  A  significant  association  with  race  also  was  revealed  when  the  percentage  of 
participants  with  measurements  of  zero  absolute  neutrophils  (bands)  was  examined  (p=0.032).  For 
Blacks,  24.2  percent  had  zero  absolute  neutrophils,  whereas  16.5  percent  of  non-Blacks  had  zero  absolute 
neutrophils. 

Absolute  lymphocytes  were  significantly  associated  with  age  (pcO.OOl),  race  (p=0.035),  occupation 
(pcO.OOl),  current  cigarette  smoking  (pcO.OOl),  and  lifetime  cigarette  smoking  history  (p=0.002). 
Absolute  lymphocyte  levels  decreased  as  age  increased  (r=-0.1 16).  Blacks  displayed  higher  mean 
absolute  lymphocyte  levels  (1.87  thousand/mm3)  than  did  non-Blacks  (1.75  thousand/mm3).  Mean  levels 
of  absolute  lymphocytes  for  each  occupational  stratum  were  1.82  thousand/mm3  for  enlisted  groundcrew, 
1.75  thousand/mm3  for  enlisted  flyers,  and  1.68  thousand/mm3  for  officers.  Absolute  lymphocyte  levels 
increased  as  current  cigarette  smoking  and  lifetime  cigarette  smoking  history  increased  (r=0.195  and 
r=0.067,  respectively). 

Results  from  the  examination  of  covariate  associations  for  absolute  monocytes  revealed  significant 
associations  with  age  (p~0.043),  current  cigarette  smoking  (pcO.OOl),  and  lifetime  cigarette  smoking 
history  (pcO.OOl).  Absolute  monocyte  levels  increased  as  each  of  these  covariates  increased  (r=0.044  for 
age,  r=0. 160  for  current  cigarette  smoking,  and  r=0.142  for  lifetime  cigarette  smoking  history). 

For  participants  with  positive  absolute  eosinophil  levels,  significant  associations  were  found  between 
current  cigarette  smoking  and  lifetime  cigarette  smoking  history  (pcO.OOl  for  each).  Absolute 
eosinophils  increased  as  current  cigarette  smoking  and  lifetime  cigarette  smoking  history  increased 
(r=0.134  and  r=0.086,  respectively).  The  percentage  of  participants  with  zero  eosinophils  was 
significantly  associated  with  occupation  (p=0.005).  The  percentages  of  participants  with  zero  eosinophils 
were  14.7  for  enlisted  groundcrew,  11.5  for  enlisted  flyers,  and  9.7  for  officers. 

Race,  current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  were  significantly  associated  with 
basophils  (p=0.006,  pcO.OOl,  and  pcO.OOl,  respectively)  for  participants  whose  absolute  basophil  level 
was  positive.  Mean  levels  of  absolute  basophils  were  0.080  thousand/mm3  for  non-Blacks,  compared  to 
0.068  thousand/mm3  for  Blacks.  Basophils  increased  as  current  cigarette  smoking  and  lifetime  cigarette 
smoking  history  increased  (r=0.267  and  r=0.168,  respectively).  The  proportion  of  participants  with  zero 
basophils  was  significantly  associated  with  current  cigarette  smoking  and  lifetime  cigarette  smoking 
history  (p=0.033  and  p=0.038,  respectively).  Among  levels  of  current  cigarette  smoking,  the  two  highest 
percentages  of  participants  with  zero  basophils  were  among  participants  who  had  never  smoked  (59.2%) 
and  participants  who  were  currently  the  heaviest  smokers  (59.9%).  The  percentage  of  participants  with 
zero  basophils  decreased  as  the  level  of  lifetime  cigarette  smoking  history  increased. 
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15.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  15-1.  Dependent  variables  are  derived  from  the  laboratory  portion  of  the  1997  follow-up 
examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  15-1.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e..  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  parts  per  trillion  (ppt).  If  a 
participant  did  not  have  a  1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If 
a  participant  did  not  have  a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial 
dioxin  level.  A  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood 
measurement  of  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination 
rate  (40). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  “Comparison”  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  in  determining  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a 
1992  dioxin  measurement,  the  1997  measurement  was  used  in  determining  the  dioxin  level. 
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15.2.2.1  Laboratory  Examination  Variables 

15.2.2.1.1  RBC  Count  ( Continuous) 

The  Model  3  unadjusted  analysis  of  dioxin  categories  revealed  a  marginally  significant  difference 
between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons.  The  mean  RBC  count  was  higher  for 
Comparisons  than  for  Ranch  Hands  in  the  low  dioxin  category  (Table  15-3(e):  p=0.094,  difference  of 
adjusted  means=-0.05  million/mm3).  Other  analyses  of  dioxin  categories  in  Model  3  and  analyses  from 
Models  1,  2,  and  4  were  all  nonsignificant  (Table  15-3(a-h):  p>0.10  for  all  other  analyses). 


Table  15-3.  Analysis  of  RBC  Count  (million/mm3)  (Continuous) 


flANDSAflSL  COMPARISONS  -  UNADJUSTED  .  f  ] t  |  c  N 

i|! If  D^#feiSceMM^i®'.?v’vf 

llll  §g§  <95%  ig§f  lilt 

|i||  p- Value  ; 

All 

Ranch  Hand 

866 

4.95 

-0.02  (-0.05,0.02) 

0.318 

Comparison 

1,249 

4.96 

Officer 

Ranch  Hand 

341 

4.89 

-0.03  (-0.09,0.02) 

0.234 

Comparison 

493 

4.92 

Enlisted  Flyer 

Ranch  Hand 

151 

4.92 

-0.04  (-0.12,0.04) 

0.333 

Comparison 

187 

4.97 

Enlisted 

Ranch  Hand 

374 

5.01 

0.01  (-0.04,0.06) 

0.753 

Groundcrew 

Comparison 

569 

5.00 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Group 

|flj§gp§| 

'Adjusted  Ipf  Difference  of  Adj.  Means  . 

Mean  (95%  C.I.) 

All 

Ranch  Hand 

864 

4.95 

-0.02  (- 0.05,0.02 ) 

0.311 

Comparison 

1,248 

4.96 

Officer 

Ranch  Hand 

340 

4.91 

-0.03  (-0.08,0.02) 

0.268 

Comparison 

493 

4.94 

Enlisted  Flyer 

Ranch  Hand 

151 

4.94 

-0.04  (-0.12,0.04) 

0.343 

Comparison 

187 

4.98 

Enlisted  Groundcrew 

Ranch  Hand 

373 

4.98 

0.00  (-0.05,0.05) 

0.919 

Comparison 

568 

4.97 

; ':-:;;|_Mtl^rtbxin'.pate^  Sunu^mry-  Statistics 

1 ! 

RJ  fStd.  Error)  p-Value 

Low  160  4.91  4.91 

Medium  162  4.97  4.97 

High  156  4.99  4.99 

0.019  0.023  (0.014)  0.102 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-3.  Analysis  of  RBC  Count  (million/mm3)  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN- ADJUSTED 

taiUsiics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean 

Adj.  Slope 

R2  (Std.  Error)  p-Value 

Low  159  4.96 

Medium  162  4.98 

High  156  4.96 

0.070  -0.004  (0.016)  0.821 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

mmsem 

'•■-Sjllieaii11'.  Ipi 

Difference  of  Adj.  Mean 
|:H  vs.  Comparisons  I' 

lgljg  (95%  CX)  |  §|§f§ 

p-Vailue^  | 

Comparison 

1,211 

4.96 

4.96 

Background  RH 

381 

4.94 

4.95 

-0.01  (-0.06,0.03) 

0.540 

Low  RH 

239 

4.92 

4.92 

-0.05  (-0.10,0.01) 

0.094 

High  RH 

239 

4.99 

4.98 

0.02  (-0.04,0.07) 

0.506 

Low  plus  High  RH 

478 

4.96 

4.95 

-0.01  (-0.05,0.03) 

0.510 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


|  (f)lVg|pEL|fr  COMPARISONSByiflpXIN  CATEGORY- AD  JOSTLED  ' 


Dioxin  Category 

liiiiSf! 

iiliilliS 

|  Difference  of  Adj.  Mean  ./•' 

iiiilisiifliiliiil 

Comparison 

1,210 

4.97 

Background  RH 

380 

4.97 

0.00  (-0.04,0.05) 

0.893 

Low  RH 

238 

4.93 

-0.03  (-0.09,0.02) 

0.230 

High  RH 

239 

4.94 

-0.02  (-0.08,0.03) 

0.441 

Low  plus  High  RH 

477 

4.94 

-0.03  (-0.07,0.01) 

0.196 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-3.  Analysis  of  RBC  Count  (million/mm3)  (Continuous)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1 1 |J  Analysis  Results  for  Log2  (1987  Dioxin  +1)  S||  f  j 

1987  Dioxin  n  Mean 

Low  288  4.94 

Medium  287  4.92 

High  284  4.99 

0.003  0.013(0.009)  0.136 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)  ,\>>r  ;  t-j 

Adjusted  Slope 

R2  (Std.  Error)  p-Value 

0.047  -0.001  (0.010)  0.941 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


15.2.2.1.2  RBC  Count  (Discrete) 

All  results  from  the  analyses  of  RBC  count  in  the  discrete  form  were  nonsignificant  (Table  15-4(a-h): 
p>0.15  for  each  unadjusted  and  adjusted  analysis  of  Models  1  through  4). 
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Table  15-4.  Analysis  of  RBC  Count  (Discrete) 


U\ 

i 


Os 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


m 

■  --V-. : 

Number  (%) 

Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Abnormal 

Low 

Normal 

.... 

Abnormal 

High 

Est  Relative 
Risk  (95%  CX) 

p- Value 

Est  Relative 
Risk  (95%  C.I.) 

p- Value 

All 

Ranch  Hand 

866 

42  (4.9) 

5/5  (94.5) 

6(0.7) 

1.01  (0.67,1.51) 

0.979 

0.62  (0.24,1.61) 

0.322 

Comparison 

1,249 

60  (4.8) 

1,175(94.1) 

14(1.1) 

Officer 

Ranch  Hand 

341 

19  (5.6) 

321  (94.1) 

1  (0.3) 

0.97  (0.53,1.77) 

0.921 

0.24(0.03,1.98) 

0.185 

Comparison 

493 

28  (5.7) 

459  (93.1) 

6(1.2) 

Enlisted 

Ranch  Hand 

151 

11  (7.3) 

138  (91.4) 

2(1.3) 

2.03  (0.77,5.36) 

0.155 

1.29  (0.18,9.27) 

0.800 

Flyer 

Comparison 

187 

7  (3.7) 

178  (95.2) 

2(1.1) 

Enlisted 

Ranch  Hand 

374 

12  (3.2) 

359  (96.0) 

3  (0.8) 

0.72  (0.36,1.45) 

0.357 

0.75  (0.19,3.02) 

0.685 

Groundcrew 

Comparison 

569 

25  (4.4) 

538  (94.6) 

6  0.1) 

ted  B  HH  |  15  I5S1  I  M I  i 


^^^^briof  mal  High  vs^IHqryriial  ■'  .; 


■'  1||  Ad(j.  Relative  Risk  1|;| 


is&Wwit 


aloe 


All 

1.00(0.66,1.51) 

0.991 

0.58  (0.22,1.54) 

0.278 

Officer 

0.95  (0.52,1.75) 

0.869 

0.23  (0.03,1.89) 

0.170 

Enlisted  Flyer 

1.97  (0.73,5.29) 

0.180 

1.25  (0.17,9.24) 

0.830 

Enlisted  Groundcrew 

0.75  (0.37,1.53) 

0.426 

0.73  (0.18,2.98) 

0.660 
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Table  15-4.  Analysis  of  RBC  Count  (Discrete)  (Continued) 


1  ■ 

u;7'-  *  '  . '  1 

Initial  Dioxin  Abnormal  # 

iilllliisililllSi 

Low  160  9(5.6)  150(93.8)  1  (0.6) 

Medium  162  7(4.3)  151  (93.2)  4(2.5) 

High  156  5(3.2)  151  (96.8)  0(0.0) 

0.79(0.53,1.15)  0.220 

0.76(0.36,1.59)  0.464 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  RBC  count. 
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Table  15-4.  Analysis  of  RBC  Count  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXLN  CATEGORY  —  UNADJUSTED 


Number  (%) 


Abnormal  Low  vs.  Normal 


Abnormal  High  vs.  Normal 


IBpiiiiisiaiai 

1 _ 

Abnormal 

Low 

Normal 

Abnormal 

High 

Est.  Relative  Risk 
(95%  C.I.)ab 

p-Value 

Est  Relative  Risk 
(95%  C.I.)al> 

p-Value 

Comparison 

1,211 

55(4.5) 

1,142  (94.3) 

14(1.2) 

Background  RH 

381 

19  (5.0) 

361  (94.8) 

1  (0.3) 

1.09  (0.64,1.87) 

0.757 

0.26  (0.03,1.99) 

0.195 

Low  RH 

239 

12(5.0) 

225  (94.1) 

2  (0.8) 

1.11  (0.58,2.10) 

0.753 

0.69  (0.15,3.06) 

0.623 

High  RH 

239 

9  (3.8) 

227  (95.0) 

3(1.3) 

0.83  (0.40,1.70) 

0.603 

0.94  (0.26,3.33) 

0.921 

Low  plus  High  RH 

478 

21  (4.4) 

452  (94.6) 

5(1.1) 

0.96  (0.57,1.61) 

0.868 

0.80  (0.28,2.30) 

0.683 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand): 

1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-•  .  •  -  .•  ■'  ■  ■ . -  ■  •  /  ..  - ; 

£  Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

t-,..  rjf  -:'~Vr 

#”  \  Adj.  Relative  Risk 

Iflf  Adj.  Relative  Risk 

: - -  . :  •  ■■ 

(95%  < 

:.i.)a  . 

p- Value 

(95%CX)a 

p-Value 

Comparison 

1,210 

Background  RH 

380 

1.07(0.61,1.86) 

0.818 

0.25  (0.03,1.99) 

0.192 

Low  RH 

238 

0.92  (0.48,1.78) 

0.809 

0.54  (0.12,2.48) 

0.431 

High  RH 

239 

1.04  (0.49,2.23) 

0.917 

1.16(0.31,4.42) 

0.827 

Low  plus  High  RH 

477 

0.98  (0.57,1.68) 

0.942 

0.79  (0.27,2.33) 

0.676 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-4.  Analysis  of  RBC  Count  (Discrete)  (Continued) 


§gg 

aawaia. 

laj-. 

Sspili 

Hi'-: ■ 

|||11|| 

'§§S%  -  -  Analysis -Results  for  Log2  (1987  Dioxin  4  f)?  jg  ~l 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Abnormal 

-  Est  Relative  Risk 

■-  111: . __J 

ifcJS 

Normal 

High  , 

(95%  <J.I.)“  p- Value 

Low 

288 

13  (4.5) 

274  (95.1) 

1  (0.4) 

0.91  (0.73,1.14)  0.405 

1.16(0.69,1.95)  0.566 

Medium 

287 

16(5.6) 

270  (94.1) 

1  (0.4) 

High 

284 

11(3.9) 

269  (94.7) 

4(1.4) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


’■  '.  .i  ^  ;  ^  :  :  :: 

l  -  ■ 

Abnormal  Low  vs.  Nomial 

Woxin  +  l) 

.Abnormal  High  vs.  Normal 

Adj.  Relative  Risk 

..a  *  (95%  C.I.)a  p- Value 

Adj.  Relative  Risk 

(95%  C.I.)a  p- Value 

857 

0.91  (0.69,1.21)  0.511 

1.10(0.60,2.00)  0.764 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


15.2.2.1.3  WB  C  Count  ( Continuous ) 

Each  Model  1  contrast  examining  WBC  count  differences  between  Ranch  Hands  and  Comparison  means 
was  nonsignificant,  with  and  without  co variate  adjustment  (Table  15-5(a,b):  p>0.35  for  each  contrast). 


Table  15-5.  Analysis  of  WBC  Count  (thousand/mm3)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

UJ^ate^ory’f  y 

Mean* 

Difference  of  Means  i 

III! 

tfg§!g  |  p-Valuec  |||  j 

All 

Ranch  Hand 

866 

6.67 

0.02 - 

0.789 

Comparison 

1,249 

6.65 

Officer 

Ranch  Hand 

341 

6.33 

0.00  - 

0.970 

Comparison 

493 

6.33 

Enlisted  Flyer 

Ranch  Hand 

151 

6.72 

-0.14  - 

0.474 

Comparison 

187 

6.86 

Enlisted 

Ranch  Hand 

374 

6.97 

0.11  - 

0.358 

Groundcrew 

Comparison 

569 

6.86 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEM:  RANC 

'H  HANDS  VS.  C 

'OMPAR 

ISONS -ADJUSTED 

I8IBB 

Adjusted  i 
:M:Meatta  pi 

■  Difference  #Adj*;Me^4s:;1'^)-| 
(95%  C.I.)" 

p- Value0 

All 

Ranch  Hand 

864 

6.26 

0.00- 

0.974 

Comparison 

1,248 

6.26 

Officer 

Ranch  Hand 

340 

6.03 

0.00  - 

0.972 

Comparison 

493 

6.03 

Enlisted  Flyer 

Ranch  Hand 

151 

6.17 

-0.14- 

0.377 

Comparison 

187 

6.31 

Enlisted  Groundcrew 

Ranch  Hand 

373 

6.55 

0.05  - 

0.648 

Comparison 

568 

6.50 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-5.  Analysis  of  WBC  Count  (thousand/mm3)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

R2  (Std.  Error)c  p-Value 

Low  160  6.48  6.50 

Medium  162  6.91  6.92 

High  156  6.90  6.88 

0.022  0.019  (0.009)  0.035 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d>  MODEL  2:  RANCH  HANDS  INITIAL  DIOXIN  ADJUSTED 

J ;  |  Analysis  Results  for  Ldg2  (Initial  Dioxin)  |  J |  1 1 

R2  (Std.  Error)"  :  p-Value  : 

Low  159  6.08 

Medium  162  6.29 

High  156  6.22 

0.213  0.008(0.009)  0.414 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


BY  DIOXIN  CATEGORY  -  UNADJUSTED 


.... 

Dioxin  Category 

v'  Adj;  Meanab  > 

Difference  of  Adj:  Mean  > 
||  vs.  ■CompaD^>% '  ‘  ;j 

Comparison 

1,211 

6.64 

6.64 

Background  RH 

381 

6.53 

6.57 

-0.07  - 

Low  RH 

239 

6.57 

6.56 

-0.08  - 

0.491 

High  RH 

239 

6.96 

6.92 

0.28  - 

Low  plus  High  RH 

478 

6.76 

6.73 

0.09  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  15-5.  Analysis  of  WBC  Count  (thousand/mm3)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adj.  Mean3 

Difference  of  Adj.  Mean 

III  %'■ '4  illl 

(95%  C.I.)b 

;  -  p-Vall#;  1  • 

Comparison 

1,210 

6.27 

Background  RH 

380 

6.28 

0.01  - 

0.902 

Low  RH 

238 

6.18 

-0.09  - 

0.383 

High  RH 

239 

6.33 

0.06  - 

0.600 

Low  plus  High  RH 

477 

6.26 

-0.01  - 

0.831 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


DIOXIN  -  UNADJ1 

JSTED 

lit 

malysis  Results  for  Log2  (1^87  Dioxin  >i4)f  :  |  | 

1987  Dioxin  n  Mean8 

IIS 

Low  288  6.45 

Medium  287  6.60 

High  284  6.95 

0.007  0.015  (0.006)  0.013 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


IHI HiiiiHHIiHi  hands  -  i^87j>ioxpi?E-  adjusted  j  igggff  IIH! llSi  1 1 1 1 1  li| .  i  | 

|  U  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  k iflf. ||||  1 1 

Dioxin  n  Adj.  Mean8 

■V ;  It-  (Std.  Error)"  p- Value 

Low  287  6.09 

Medium  286  6. 1 8 

High  284  6.32 

0.219  0.007  (0.006)  0.263 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  Iog2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  Model  2  unadjusted  analysis  of  WBC  count  revealed  a  significant  positive  association  between  WBC 
count  in  its  continuous  form  and  initial  dioxin  (Table  15-5(c):  p=0.035,  slope=0.019).  After  co variate 
adjustment,  the  relation  was  nonsignificant  (Table  15-5(d):  p=0.414). 

The  mean  WBC  count  for  Ranch  Hands  in  the  high  dioxin  category  was  significantly  greater  than 
Comparisons  in  the  Model  3  unadjusted  analysis  of  WBC  count  (Table  15-5(e):  p=0.029,  difference  of 
adjusted  means=0.28  thousand/rnrrf).  Other  unadjusted  contrasts  were  nonsignificant,  as  well  as  all 
contrasts  in  the  adjusted  analysis  (Table  15-5(e,f):  p>0.32  for  all  other  contrasts). 

A  significant  positive  association  between  WBC  count  and  1987  dioxin  levels  was  found  in  the  Model  4 
unadjusted  analysis  (Table  15-5(g):  p=0.013,  slope=0.015).  The  association  was  nonsignificant  after 
adjustment  for  covariates  (Table  15-5(h):  p=0.263). 

15.2.2.1.4  WBC  Count  ( Discrete ) 

No  significant  differences  were  found  between  Ranch  Hands  and  Comparisons  in  Model  1  unadjusted  and 
adjusted  analyses  (Table  15-6(a,b):  p>0.15  for  each  contrast). 

Both  the  unadjusted  and  adjusted  Model  2  analyses  revealed  a  significant  inverse  association  between 
initial  dioxin  and  abnormally  low  WBC  counts  (Table  15-6(c,d):  p=0.012,  Est.  RR=0.59;  p=0.043, 

Adj.  RR=0.61,  respectively).  As  initial  dioxin  increased,  the  percentage  of  abnormally  low  WBC  counts 
decreased.  Analyses  of  the  associations  between  initial  dioxin  and  the  percentage  of  participants  with 
abnormally  high  WBC  counts  were  nonsignificant  (Table  15-6(c,d):  p>0.39  for  each  analysis). 

A  higher  percentage  of  abnormally  low  WBC  counts  was  found  among  Ranch  Hands  in  the  low  dioxin 
category  relative  to  Comparisons  (Table  15-6(e):  p=0.027,  Est.  RR-1.82).  After  adjustment  for 
covariates,  this  result  became  marginally  significant  (Table  15-6(f):  p=0.070,  Adj.  RR=1.67).  No  other 
differences  in  the  percentage  of  abnormal  WBC  counts  between  Ranch  Hands  and  Comparisons  were 
found  (Table  15-6(e,f):  p>0.18  for  each  remaining  contrast). 
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Table  15-6.  Analysis  of  WBC  Count  (Discrete) 


(a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 
||  Category  . 

Number  (%) 

Abhormal  l^w  vs^  Normal ; 

Abnormal  High  vs.  Normal 

Abnormal 
Low  . 

Abnormal :> 

iPS 

zi  Est  Relative ;  ' 
Risk  (95%  C.I.) 

p-Value 

ppp;:ReMive^I® 

p- Value 

All 

Ranch  Hand 

866 

51  (5.9) 

784(90.5) 

31  (3.6) 

L20  (0.82,1.75) 

0.353 

1.00(0.63,1.60) 

0.988 

Comparison 

1,249 

62  (5.0) 

1,142  (91.4) 

45  (3.6) 

Officer 

Ranch  Hand 

341 

22  (6.5) 

312(91.5) 

7  (2.1) 

1.10(0.62,1.95) 

0.747 

0.85  (0.33,2.17) 

0.121 

Comparison 

493 

29  (5.9) 

452  (91.7) 

12  (2.4) 

Enlisted 

Ranch  Hand 

151 

10(6.6) 

133  (88.1) 

8  (5.3) 

2.14  (0.76,6.05) 

0.150 

1.03  (0.40,2.68) 

0.954 

Flyer 

Comparison 

187 

6(3.2) 

171  (91.4) 

10  (5.4) 

Enlisted 

Ranch  Hand 

374 

19(5.1) 

339  (90.6) 

16  (4.3) 

1.08  (0.59,1.97) 

0.809 

1.07  (0.55,2.05) 

0.850 

Groundcrew 

Comparison 

569 

27  (4.8) 

519(91.2) 

23  (4.0) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —ADJUSTED 

IHMMfi  IB  Abnormal  Low  vs.  Normal  MIMjL  ||  HlSSlSI  Abnormal  High  vs.  Normal  lililllii 

Occupational 

Category 

:  Adj.  Relative  Risk 

(95%  C.I.)  !  :  p-Value  ;  :  :  / 

Adj.  Relative  Risk 

(95%  C.I.)  '  p- Value  , 

All  1.18(0.80,1.74)  0.415 

Officer  1.10(0.62,1.96)  0.754 

Enlisted  Flyer  2.12  (0.73,6.09)  0.165 

Enlisted  Groundcrew  1.03(0.55,1.93)  0.923 

0.93  (0.58,1.51)  0.783 

0.91  (0.35,2.35)  0.843 

0.99  (0.37,2.68)  0.985 

0.93(0.47,1.82)  0.822 
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Table  15-6.  Analysis  of  WBC  Count  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

Iuitiai  nipiiih  Category  Summary  Statistics 

A***  A*  Loga  (Initial  Dioxin)”  : 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Initial  Dioxin  Abnormal  Abnormal 

Category  n  -  gg§  Low  §g  Normal  High 

Est.  Relative  Risk 

<W*CJOb  P- Value 

1  Est  Relative  Risk 

(95%  C.I.)b  p- Value  ( 

Low  160  16(10.0)  139(86.9)  5(3.1) 

Medium  162  7  (4.3)  148  (91.4)  7  (4.3) 

High  156  3(1.9)  147(94.2)  6(3.9) 

0.59  (0.39,0.89)  0.012 

0.99  (0.69,1.43)  0.964 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-6.  Analysis  of  WBC  Count  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


■  '■  . 

■  ■  ■  ' 


jg§V  , 

pflift 

isnu 

Number  (%) 

Abnormal  Low  vs.  Normal 

11819s 

wHHI 

Normal 

Abnormal 

High 

Est  Relative  Risk 
(95%CX)ab 

p-Value 

lliiiliiil 

Value 

Comparison 

1,211 

59  (4.9) 

1,109  (91.6) 

43  (3.6) 

Background  RH 

381 

25  (6.6) 

344  (90.3) 

12  (3.2) 

1.22(0.75,1.99) 

0.426 

0.86  (0.45,1.67) 

0.664 

Low  RH 

239 

20  (8.4) 

212  (88.7) 

7  (2.9) 

1.82(1.07,3.10) 

IKtWJiiM 

0.86  (0.38,1.94) 

0.716 

High  RH 

239 

6  (2.5) 

222  (92.9) 

11  (4.6) 

0.56  (0.24,1.32) 

1.32  (0.67,2.61) 

0.420 

Low  plus  High  RH 

478 

26  (5.4) 

434  (90.8) 

18(3.8) 

1.01  (0.59,1.73) 

1.07(0.60,1.89) 

0.825 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Abnormal  Low  v$.  Normal 

Abnormal  High  vs.  Normal 

Adj.  Relative  Risk 

1111  Adj.  Relative  Risk  111 

:  V  .  ;  .  .  ;  -  S  ' 

V'n  ■■■ 

(95%  C.  I.)a 

_  i  iuppifiigg 

(95%  C.I.)a  , 

p- Value 

Comparison 

Background  RH 

1,210 

380 

1.16(0.70,1.93) 

0.564 

0.86  (0.43,1.71) 

0.660 

Low  RH 

238 

1.67  (0.96,2.91) 

0.070 

0.82  (0.36,1.90) 

0.650 

High  RH 

239 

0.64  (0.26,1.56) 

0.326 

1.09  (0.53,2.24) 

0.825 

Low  plus  High  RH 

All 

1.03  (0.59,1.81) 

0.907 

0.95  (0.52,1.72) 

0.855 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  15-6.  Analysis  of  WBC  Count  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  —  1987  DIOXIN  —  UNADJUSTED 

J  Analysis  Results  for  Logj>  (1987  Dioxin + 1), 

AbnormalLow  vs.  Normal  Abnormal  High  vs.  Normal 

^ 1987  Dioxin  1  '  ^  t  -  Abnormal  £  --f  •*  Abnormal 

Category  n  Low  Normal  High 

1  Est,  Relative Risk  "•  j^MS  jp 
:  (95%  C.I.)a  p- Value 

Est  Relative  Risk  pISl 

Low  288  19  (6.6)  261  (90.6)  8  (2.8) 

Medium  287  24(8.4)  254(88.5)  9(3.1) 

High  284  8(2.8)  263(92.6)  13(4.6) 

0.78  (0.63,0.96)  0.020 

0.99(0.77,1.27)  0.957 

-  - 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


L  4;  RANCH  HANDS  — 1987  DIOXIN  —  ADJUSTED 

-  ■  "  -  .  -  ..  v  V  .  .  • . 

BE 

&IiB§ 

...  ...  . 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

'  ’ 

.  r-v; 

’’*v¥3l 

Adj.  Relative  Risk 

(95%C.I.)*  p- Value 

Adj.  Relative  Risk 

(95%  C.I.)a  p- Value  '  ' 

857 

0.76  (0.59,0.98)  0.032 

0.93  (0.72,1.20)  0.570 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Although  the  contrasts  of  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  indicated  an 
increased  percentage  of  Ranch  Hands  with  an  abnormally  low  WBC  count  (8.4%  vs.  4.9%),  contrasts  of 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  showed  the  opposite  pattern.  As  shown  in 
Table  15-6(e)  and  15-6(f),  a  smaller  percentage  of  Ranch  Hands  in  the  high  dioxin  category  (2.5%)  had 
an  abnormally  low  WBC  count  than  did  Comparisons  (4.9%).  Because  of  these  opposite  patterns,  the 
percentages  of  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and  Comparisons  were 
nearly  equal.  Consequently,  a  dose-response  pattern  was  not  evident  between  abnormally  low  WBC 
counts  and  dioxin  in  the  Model  3  analyses. 

Similar  to  the  Model  2  analysis,  the  Model  4  unadjusted  analysis  of  WBC  count  displayed  a  significant 
inverse  relation  between  1987  dioxin  levels  and  abnormally  low  WBC  count  (Table  15-6(g):  p=0.020, 
Est.  RR=0.78).  The  significant  relation  remained  after  adjustment  for  covariates  (Table  15-6(h): 
p=0.032,  Adj.  RR=0.76).  As  1987  dioxin  increased,  the  percentage  of  abnormally  low  WBC  counts 
decreased.  The  associations  between  abnormally  high  WBC  counts  and  1987  dioxin  were  nonsignificant 
(Table  15-6(g,h):  p>0.57  for  the  unadjusted  and  adjusted  analyses). 

15.2.2,1.5  Hemoglobin  ( Continuous ) 

No  significant  results  were  found  in  the  Model  1  unadjusted  and  adjusted  analyses  of  hemoglobin  in  its 
continuous  form  (Table  15-7(a,b):  p>0.20  for  all  contrasts). 


Table  15-7.  Analysis  of  Hemoglobin  (gm/dl)  (Continuous) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


|§  Occupational  f 
Category 

v/ii  " 

■ .  >  '‘.Mean  r. 

1 1  n  Difference  of  Means 1 
(95%  C.I.) 

AU 

Ranch  Hand 

866 

15.32 

0.00  (-0.09,0.09) 

0.979 

Comparison 

1,249 

15.33 

Officer 

Ranch  Hand 

341 

15.23 

-0.06  (-0.20,0.08) 

0.389 

Comparison 

493 

15.29 

Enlisted  Flyer 

Ranch  Hand 

151 

15.29 

-0.08  (-0.30,0.13) 

0.445 

Comparison 

187 

15.38 

Enlisted 

Ranch  Hand 

374 

15.42 

0.09  (-0.05,0.22) 

0.206 

Groundcrew 

Comparison 

569 

15.34 

fUf 

IS 

Mam 

(  ategory 

11 

MM£ 

|  ^-'Difference  pfAdj  .Means  jgjj  % 

!1\J$§  | 

All 

Ranch  Hand 

864 

15.05 

-0.01  (-0.09,0.08) 

0.883 

Comparison 

1,248 

15.05 

Officer 

Ranch  Hand 

340 

15.03 

-0.05  (-0.18,0.09) 

0.489 

Comparison 

493 

15.07 

Enlisted  Flyer 

Ranch  Hand 

151 

15.02 

-0.09  (-0.29,0.12) 

0.422 

Comparison 

187 

15.10 

Enlisted  Groundcrew 

Ranch  Hand 

373 

15.07 

0.06  (-0.07,0.19) 

0.356 

Comparison 

568 

15.01 
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Table  15-7.  Analysis  of  Hemoglobin  (gm/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adj.  Mean3 

R2 

|  Slope 
(Std.  Error) 

p- Value 

Low 

160 

15.21 

15.21 

0.011 

0.078  (0.034) 

Medium 

162 

15.34 

15.34 

High _ 

156 

15.52 

15.52 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

1 1  J  J?  U  Analysis  Results  for  Log2  (Initial  Dioxin)  |||  |||gf|f 

Initial  Dioxin  n  Adj.  Mean 

v>4 " M  ■  1  f  M'*  f| >  v  ft  4 4*41 a > 

4I58®.  (Std.  Error)  J .  i.  ;-p|$aIue 

Low  159  15.10 

Medium  162  15.16 

High  156  15.28 

0.084  0.030  (0.039)  0.443 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


u  i  MODKL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  UNADJUSTEI 

BBS 

Difference  of  Adj.  Mean 
vs.  Comparisons 

^  1  DiqxiniGsftegory1  ^  )§fjean;4  ^^IA;dj.3|eana  4  ® p-V 

TT* — 

mm 

ralue  illj 

Comparison 

1,211 

15.33 

15.33 

Background  RH 

381 

15.31 

15.30 

-0.03  (-0.14,0.09) 

0.641 

Low  RH 

239 

15.26 

15.26 

-0.07  (-0.21,0.07) 

0.319 

High  RH 

239 

15.45 

15.46 

0.12  (-0.01,0.26) 

Low  plus  High  RH 

478 

15.36 

15.36 

0.03  (-0.08,0.13) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-7.  Analysis  of  Hemoglobin  (gm/dl)  (Continuous)  (Continued) 


(f)  MODEL 

3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category  n  Adj.  Mean 

Difference  of  A*U;  Mean 
?  t  :vs. 'Odnip^risdns '  •  :  lift 
(95%  C.I.) 

p-Value 

Comparison 

1,210 

15.06 

Background  RH 

380 

15.04 

o 

Q 

1 

(-0.14,0.09) 

0.679 

Low  RH 

238 

15.04 

-0.02 

(-0.16,0.11) 

0.731 

High  RH 

239 

15.12 

0.06 

(-0.08,0.20) 

0.379 

Low  plus  High  RH 

477 

15.08 

0.02 

(-0.08,0.12) 

0.715 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

I  <  [  Analysis  Results  for-Logi  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean 

R2  Slope  (Std.  Error)  p-Value 

Low  288  15.34 

Medium  287  15.22 

High  284  15.45 

0.003  0.035  (0.023)  0.133 

Note:  Low  -  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


1987  Dioxin  Category  Summary  Statistics 

,fi}s  X  V|  \  Analysis  Results  jfor,Ldg2  (1987  Dioxin  + 1)  j:V  < 

1987  - 

Dioxin  n  Adj.  Mean8 

R2  (Std.  Error)®  '  p-^ Value 

0.088  0.021  (0.026)  0.421 

Note:  Low  =  <7.9  ppt;  Medium  -  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  significant  positive  association  between  hemoglobin  and  initial  dioxin  was  found  in  the  unadjusted 
Model  2  analysis  (Table  15-7(c):  p=0.023,  slope=0.078).  The  association  was  nonsignificant  after 
adjustment  for  covariates  (Table  15-7 (d):  p=0.443). 

The  Model  3  unadjusted  analysis  revealed  a  marginally  significant  higher  mean  hemoglobin  level  for 
Ranch  Hands  in  the  high  dioxin  category  than  for  Comparisons  (Table  15-7(e):  p=0.080,  difference  of 
adjusted  means=0.12  gm/dl).  All  other  unadjusted  contrasts  were  nonsignificant  (Table  15-7(e):  p>0.31 
for  all  other  contrasts).  The  contrast  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons, 
as  well  as  all  other  adjusted  analysis  contrasts,  was  nonsignificant  (Table  15-7(f):  p>0.37  for  all  adjusted 
contrasts). 
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The  unadjusted  and  adjusted  Model  4  analyses  of  hemoglobin  revealed  no  significant  associations  with 
dioxin  (Table  15-7(g,h):  p>0.13  for  both  analyses). 


15.2.2.1.6  Hemoglobin  (Discrete) 

Model  1  and  Model  3  analyses  of  hemoglobin  in  its  discrete  form  found  no  significant  difference  between 
Ranch  Hands  and  Comparisons  with  respect  to  hemoglobin  abnormalities  (Table  15-8(a,b,e,f):  p>0.1 1  for 
each  unadjusted  and  adjusted  contrast). 

The  Model  2  unadjusted  analysis  of  hemoglobin  revealed  a  marginally  significant  inverse  association 
between  initial  dioxin  and  abnormally  low  hemoglobin  levels  (Table  15-8(c):  p=0.075,  Est.  RR=0.74). 
After  adjustment  for  covariates,  the  association  was  nonsignificant  (Table  15-8(d):  p=0.364).  The 
association  between  abnormally  high  hemoglobin  levels  and  initial  dioxin  was  nonsignificant  for  both 
unadjusted  and  adjusted  analyses  (Table  15-8(c,d):  p>0.85  for  both  analyses). 
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Table  15-8.  Analysis  of  Hemoglobin  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


mam 

Group 

n 

Number  (%) 

Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Abnormal 

Low 

Normal 

Abnormal 

High 

Est  Relative 
Risk  (95%  C.I.) 

p- Value 

Est  Relative 
Risk  (95%  C.i.) 

p- Value 

Category  | 

All 

Ranch  Hand 

866 

62  (7.2) 

801  (92.5) 

3  (0.4) 

1.14(0.81,1.61) 

0.458 

0.62  (0.16,2.41) 

0.493 

Comparison 

1,249 

79  (6.3) 

1,163  (93.1) 

7(0.6) 

Officer 

Ranch  Hand 

341 

25  (7.3) 

314  (92.1) 

2  (0.6) 

1.27(0.73,2.21) 

0.400 

1.47  (0.21,10.49) 

0.700 

Comparison 

493 

29  (5.9) 

462  (93.7) 

2(0.4) 

Enlisted 

Ranch  Hand 

151 

16  (10.6) 

134  (88.7) 

1  (0.7) 

1.60  (0.74,3.44) 

0.230 

_ 

0.899a 

Flyer 

Comparison 

187 

13  (7.0) 

174  (93.1) 

0(0.0) 

Enlisted 

Ranch  Hand 

374 

21  (5.6) 

353  (94.4) 

0(0.0) 

0.85  (0.49,1.47) 

0.557 

_ 

0. 17  la 

Groundcrew 

Comparison 

569 

37  (6.5) 

527  (92.6) 

_ 5(0-9) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  an  abnormal  high 
hemoglobin  level. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 


(b)  MODEL  1:  RANCH 

[  HANDS  VS;  COMPARISONS 

■  >-  ryf.s- .  :  ■  •**.  -  *■  .  -  .  ■ ...  -v.  ■»  -  .» 

—  ADJUSTED 

vs.  Normal 

I1HBI 1 H IS  1 AbnormalHighvs. 

Normsd^  wmmm 

••  •  Occupational  s 

Category 

Adj.  Relative  Risk 
(95%  C.I.) 

*‘J  It,  .  „ 

p- Value 

Adj.  RelativeRisk 

Bf  1 1 

All 

1.15  (0.81,1.63) 

0.433 

0.61  (0.16,2.38) 

0.480 

Officer 

1.25  (0.72,2.19) 

0.433 

1.52  (0.21,10.95) 

0.675 

Enlisted  Flyer 

1.58  (0.73,3.44) 

0.246 

- 

- 

Enlisted  Groundcrew 

0.90  (0.51,1.58) 

0.713 

— 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 
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Table  15-8.  Analysis  of  Hemoglobin  (Discrete)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

|l|  -  -  JjjJ  :V7  |if r  i  jj  ;•?}*  vL".1;  |fl 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Abnormal  Low  vs.  Normal  Abnorma.  High  vs.  Norn, a, 

Est.  Relative  Risk 

(95%  C.l.)b  p-Value 

Est.  Relative  Risk 
■  (95%C.I.)»  p-Value 

Low  160  13(8.1)  147(91.9)  0(0.0) 

Medium  162  11(6.8)  150(92.6)  1  (0.6) 

High  156  5(3.2)  151  (96.8)  0(0.0) 

0.74  (0.53,1.03)  0.075 

1.16(0.24,5.60)  0.856 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(dXMQDELi:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 

.  '  ..  .  ■ '  •  ■  •  .  ■  --  •  :  :  '  .  ...  . 

— jyVl.  -  !r  «'  r  »  p  a»t*  *  *  i 

1  Ullil  8  iggggj 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Abnormal  Low  vs.  Normal 

|||§p 

Adj.  Relative  Risk 

p-Value 

(95 r>.  (M.1» 

p-Value 

477  0.85(0.61,1.20) 

0.364 

1.04(0.17,6.53) 

0.966 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  or  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 
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Table  15-8.  Analysis  of  Hemoglobin  (Discrete)  (Continued) 


(e)  MjCIDEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


iHS  v:  V-'.:  -> ! 

pgg  i 

Number  (%) 

.4*  Abnormal  Low  vs.  Normal  £ -■  * 

|pMh6|ihaI  High  vs.  Normal'  '§ 

Abnormal 

Low 

Normal 

Abnormal 

EsL  Relative.  Risk 

p- Value  • 

r:  j  (95%  C;I.4T:: 

Comparison 

1,211 

74  (6.1) 

1,130  (93.3) 

7  (0.6) 

Background  RH 

381 

30  (7.9) 

349  (91.6) 

2  (0.5) 

1.35  (0.86,2.10) 

0.188 

1.04(0.21,5.12) 

0.958 

Low  RH 

239 

16  (6.7) 

223  (93.3) 

0  (0.0) 

1.09  (0.62,1.90) 

0.767 

— 

0.507c 

High  RH 

239 

13  (5.4) 

225  (94.1) 

1  (0.4) 

0.86  (0.47,1.58) 

0.630 

0.64  (0.08,5.28) 

0.677 

Low  plus  High  RH 

478 

29  (6.1) 

448  (93.7) 

1  (0.2) 

0.97  (0.62,1.51) 

0.887 

- 

0.547c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin 
level. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-8.  Analysis  of  Hemoglobin  (Discrete)  (Continued) 


1.01  (0.20,5.14) 

0.987 

0.69  (0.08,6.00) 

0.735 

Background  RH 

380 

1.44  (0.91,2.29) 

0.118 

Low  RH 

238 

0.96  (0.54,1.70) 

0.886 

High  RH 

239 

0.90(0.48,1.69) 

0.735 

Low  plus  High  RH 

477 

0.93  (0.59,1.47) 

0.746 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 


Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 


(g)  MODEL  4:  RANCH  HANDS'— 1987  DIOXIN  —  UNADJUSTED 


unary.  Statistics 
Number  (%)• 


l|| SSfi  Analysis  Results for 

Spronornial  Low  vs.,  Abnormal  High  vs.  Normal 

Est.  Est  Relati  veRisk 

ttpSiPB  ~ 


:Abr|Mmilp| 

High 


Normal 


p- Value 


p- Value 


Medium 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  15-8.  Analysis  of  Hemoglobin  (Discrete)  (Continued) 


lyumi 


S  —  1987  DIOXIN  —  ADJUSTED 


-  Ti  ^  7  *‘V 


Analysis  Results  for  Logj  (1987  Dioxin  + 1) 


elative  Risk 

%  C.I.f  p- Value 


0.84(0.68,1.04)  0.108 


s/j';  .  AbnortnalHigh  vs.  Normal 


Adj.  Relative  Risk 

'  ’,:'(95%  !^^p|sSS3SlS3^'p-Valu^-: 


0.52(0.22,1.23)  0.135 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  or  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hemoglobin  level. 


The  Model  4  unadjusted  analysis  revealed  a  significant  inverse  association  between  abnormally  low 
hemoglobin  levels  and  1987  dioxin  levels  (Table  15-8(g):  p=0.049,  Est.  RR=0.82).  In  addition,  a 
marginally  significant  inverse  association  between  abnormally  high  hemoglobin  levels  and  1987  dioxin 
levels  was  found  in  the  unadjusted  analysis  (Table  15-8(g):  p=0.096,  Est.  RR=0.47).  After  adjustment 
for  covariates,  the  association  became  nonsignificant  (p>0.10  for  each  analysis). 

15.2.2.1.7  Hematocrit  ( Continuous ) 

The  Model  2  analysis  of  hematocrit  in  its  continuous  form  revealed  a  significant  positive  association 
between  hemoglobin  and  initial  dioxin  (Table  15-9(c):  p=0.021,  slope=0.241).  After  adjustment  for 
covariates,  the  relation  was  nonsignificant  (Table  15-9(d):  p=0.443).  All  other  analyses  were 
nonsignificant  (Table  15-9(a-h):  p>0.14  for  all  other  analyses). 


Table  15-9.  Analysis  of  Hematocrit  (percent)  (Continuous) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

l  t  Difference  of  Means 

mmmm  i®! 

All 

Ranch  Hand 

866 

45.56 

-0.04  (-0.31,0.24) 

0.798 

Comparison 

1,249 

45.59 

Officer 

Ranch  Hand 

341 

45.24 

-0.24  (-0.67,0.19) 

0.274 

Comparison 

493 

45.48 

Enlisted  Flyer 

Ranch  Hand 

151 

45.49 

-0.23  (-0.90,0.44) 

0.504 

Comparison 

187 

45.72 

Enlisted 

Ranch  Hand 

374 

45.88 

0.22  (-0.18,0.63) 

0.279 

Groundcrew 

Comparison 

569 

45.65 

| §.  }■  §  |  Occupational  |  |fp 

mm  isjiiissji®  i 

Group 

Bill 

Difference  of  Adj;  Means 

fyjj  MuJt 

All 

Ranch  Hand 

864 

44.99 

-0.06  (-0.32,0.21) 

0.681 

Comparison 

1,248 

45.05 

Officer 

Ranch  Hand 

340 

44.90 

-0.21  (-0.63,0.21) 

0.326 

Comparison 

493 

45.11 

Enlisted  Flyer 

Ranch  Hand 

151 

44.92 

-0.24  (-0.88,0.41) 

0.477 

Comparison 

187 

45.16 

Enlisted  Groundcrew 

Ranch  Hand 

373 

45.08 

0.15  (-0.25,0.55) 

0.457 

Comparison 

568 

44.93 

15-37 


Table  15-9.  Analysis  of  Hematocrit  (percent)  (Continuous)  (Continued) 


■(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Summary  Statistics  pfSggl  |  |J  [|  |§  Analysis  Results  for  Log2  (Initial  Dioxin) 

IMeam  ; \  *  AdjTJjlean3  " 

Slope 

R2  (Std.  Error)  p- Value 

Low  160  45.17  45.17 

Medium  162  45.58  45.58 

High  156  46.08  46.09 

0.011  0.241(0.104)  0.021 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


l^CH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

^  •-  •  •  -'s-  _ .  .  ■  ■  ■  \  _ ' 


V  ^  r  'j  K,  ?  ; 

Adj.Slope 

Adj.  Mean 

liil  -(Std.  Error)  1 1 

Low 

159 

45.06 

0.068 

0.091  (0.119) 

0.443 

Medium 

162 

45.26 

High 

156 

45.57 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


AND  COMPARISONS  BY  DIOXIN  eAPi^p||i^D||p|Pj 


(iM  MMWmm 5  P 

IgftigicStll 

ililwiisi 

iMilillfl 

Adj.  Mean* 

,  ,f  Difference  of  Adj .  !| 

Comparison 

1,211 

45.61 

45.61 

Background  RH 

381 

45.57 

45^56 

0.756 

Low  RH 

239 

45.30 

45.30 

-0.31  (-0.74,0.12) 

0.153 

High  RH 

239 

45.92 

45.93 

0.32  (-0.1 1,0.75) 

0.147 

Low  plus  High  RH 

478 

45.61 

45.61 

0.987 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-9.  Analysis  of  Hematocrit  (percent)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

Adj.  Mean 

Difference  of  Adj.  Mean 
vs.  Comparisons 
•  (95%  CX)  • 

p- Value 

Comparison 

1,210 

45.08 

Background  RH 

380 

45.04 

-0.04  (-0.39,0.32) 

Low  RH 

238 

44.87 

-0.21  (-0.63,0.20) 

High  RH 

239 

45.22 

0.14  (-0.29,0.56) 

Low  plus  High  RH 

477 

45.04 

-0.04  (-0.36,0.28) 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUST 

ED 

1987  Dioxin  Category  Summary  Statistics 

Jill 

Analysis  Results  for  Log2  (1987  Dioxin  jipj  ? 

1987  Dioxin  n  Mean 

' 

R2  Jffj!  Slope  (Std.  Error)  JjgJgj Value  |||| 

Low  288  45.68 

Medium  287  45.20 

High  284  45.89 

0.001  0.077(0.071)  0.278 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h) MODEL 4:  RANCH  HANDS -1987 DIOXIN -ADJUSTED 

P#| ’■  ■  v  JK ; 

i  1  Analysis  Results  for  Log2  (1987  Dioxin  + 1)/  |K<  *  { 

■  '  1987 

Dioxin  n  Adj.  Mean8 

Adjusted  Slope 

R2  (Std.  Error)"  p-Value 

Low  287  45.40 

Medium  286  45.01 

High  284  45.42 

0.075  0.029  (0.079)  0.712 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  -  >19.6  ppt. 


15.2.2.1.8  Hematocrit  (Discrete) 

Analyses  of  hematocrit  in  its  discrete  form  revealed  no  significant  differences  for  Models  1  through  4 
(Table  15-10(a~h):  p>0.24  for  each  analysis  performed). 
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Table  15-10.  Analysis  of  Hematocrit  (Discrete) 


Pfisii Wi 

SH8SS 

mm 

iD 

MPi 

. 

'.--Number 

; :  Abnormal  Lpwys 

^Normal^ 

1  Abnormal  High,  vs.  Normal 

^  ‘  *T‘*‘  *.  V 

bnormal 

mssm 

i  Est  Relative  vr'; 

Est.  Relative. 

■ 

Low 

5  Normal  ,  "Stcfc 

High 

Risk  (95%  C.[.) 

Risk  (95%  C.I.)  p-Value 

All 

Ranch  Hand 

866 

21  (2.4) 

844  (97.5) 

1  (0.1) 

1.04(0.59,1.84) 

0.886 

0.29  (0.03,2.47)  0.256 

Comparison 

1,249 

29(2.3) 

1,215(97.3) 

5(0.4) 

Officer 

Ranch  Hand 

341 

8  (2.4) 

333  (97.7) 

0  (0.0) 

0.96  (0.39,2.37) 

0.928 

0.647a 

Comparison 

493 

12  (2.4) 

479  (97.2) 

2(0.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

6  (4.0) 

144  (95.4) 

1  (0.7) 

1.91  (0.53,6.88) 

0.325 

0.907a 

Comparison 

187 

4(2.1) 

183  (97.9) 

0  (0.0) 

Enlisted 

Ranch  Hand 

374 

7(1.9) 

367  (98.1) 

0  (0.0) 

0.81  (0.32,2.05) 

0.659 

0.41 3a 

Groundcrew 

Comparison 

569 

13  (2.3) 

553  (97.2) 

3  (0.5) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  an  abnormal  high 
hematocrit  level. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 
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Table  15-10.  Analysis  of  Hematocrit  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  — 

ADJUSTED 

Ilill  IS 

•>  ■  -r>?  - 

Abnormal  Low  vs.  Normal 

I  Abnormal  High  vs.  Normal 

Occupational 

Category 

Adj.  Relative  Risk 
(95%  0.1.) 

IJII^Value 

Adj.  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

1.04(0.59,1.85) 

0.886 

0.28(0.03,2.40) 

0.245 

Officer 

0.95  (0.38,2.36) 

0.908 

- 

- 

Enlisted  Flyer 

1.84  (0.51,6.72) 

0.353 

- 

— 

Enlisted  Groundcrew 

0.85  (0.33,2.18) 

0.739 

— 

-- 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Initial  Dioxin  Abnormal  Abnormal 

Category  n  Low  Normal  High 

Est.  Relative  Risk 

(95%  C.I.)b  p-VahiB 

Low  160  3(1.9)  157(98.1)  0(0.0) 

Medium  162  5(3.1)  156(96.3)  1  (0.6) 

High  156  2(1.3)  154(98.7)  0(0.0) 

0.95(0.58,1.57)  0.840 

1.17  (0.24,5.66)  0.841 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-10.  Analysis  of  Hematocrit  (Discrete)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 

• . •  .  ..  ...  -  .  ,.  ;v 

%  *  Analysis  Results  for  Log2  (Initial  Dioxin) 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Adj.  Relative  Risk 

n  (95%  C.I.)8  p-Value 

Adj.  Relative  Risk 

(95%  C.I.)8  p- Value 

477  1.10(0.66,1.85)  0.714 

1.07  (0.17,6.61)  0.942 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  or  occupation  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Number  (%) 

WBSBBB& 

H*  Abnormal  Low  vs.  Normal 

Abnormal. High  vS.Normal  ggg 

Dioxin  Category 

Hfii 

Abnormal 

Low 

jUt '  /I-;1"' y”' 

Normal 

Abnormal 

High 

Est.  Relative  Risk 
(95%  C.I.)ah 

p-Value 

Esti  Relative  Risk : 
(95%  C.I.)"b  : 

mmm 

Comparison 

1,211 

27  (2.2) 

1,179  (97.4) 

5  (0.4) 

Background  RH 

381 

8  (2.1) 

373  (97.9) 

0(0.0) 

0.97  (0.43,2.16) 

0.933 

— 

0.464c 

Low  RH 

239 

5  (2.1) 

234  (97.9) 

0  (0.0) 

0.93  (0.35,2.43) 

0.875 

~ 

0.695c 

High  RH 

239 

5  (2.1) 

233  (97.5) 

1  (0.4) 

0.91  (0.35,2.40) 

0.850 

0.91  (0.10,7.96) 

0.931 

Low  plus  High  RH 

478 

10(2.1) 

467  (97.7) 

1  (0.2) 

0.92  (0.44,1.92) 

0.820 

— 

0.856c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  an  abnormal  high 
hematocrit  level 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-10.  Analysis  of  Hematocrit  (Discrete)  (Continued) 


if)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  B 

YDIQXINCAJEC 

rORY  —  ADJUSTED 

JC+ZifS-'*  X *■  ~r/'  -y ;  ■; _v 

11 

11 

;  pfTgi 

iiSSt 

i§gl  Kpw 

IgSte 

m 

v;  * 

iSllliiSil 

..ow  Vs.  Normal 

.  .•  •••  .. 

y&-  T’  \-.*v  i*  >■.=:  ^  l  :i  •;  ••  s* 

JHJ  Abnormal  High  vs.  Normal 

.ll. 

p- Value 

Adj.  Relative  Risk 
(95%  C.I.)8 

p-Value 

Comparison 

1,210 

Background  RH 

380 

1.00(0.44,2.28) 

0.998 

— 

— 

Low  RH 

238 

0.78  (0.29,2.07) 

0.615 

- 

— 

High  RH 

239 

1.01  (0.37,2.77) 

0.980 

0.98  (0.10,9.53) 

0.986 

Low  plus  High  RH 

All 

0.89  (0.42,1.89) 

0.757 

-- 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


(g)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  — UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

«—  Uwt  “  L"“  "ZlL"  Z  Normal 

1987  Dioxin  Abnormal  Abnormal 

Category'  n  Low  Normal  High 

Esb  Relative.  Risk  .  . j  £ 

“j.  (95 %  C.I.)/  -I*-! ,  p-Value  «> 

Est.  Relative  Risk 

i?S%  C.l.f  ,,-Val..e  : 

Low  288  7(2.4)  281  (97.6)  0(0.0) 

Medium  287  4(1.4)  283(98.6)  0(0.0) 

High  284  7(2.5)  276(97.2)  1  (0.4) 

0.91  (0.65,1.26)  0.568 

1.41  (0.43,4.63)  0.573 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  15-10.  Analysis  of  Hematocrit  (Discrete)  (Continued) 


1987  DIOXIN.—  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 


io^mai  Lowvs.  Normal 


Abnormal  High  vs;  Normal 


Adj .  Relative  Risk 


p- Value 


p- Value 


1.44  (0.38,5.40) 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  not  adjusted  for  race  or  occupation  because  of  the  sparse  number  of  participants  with  an  abnormal  high  hematocrit  level. 


1 5.2 . 2. 7. 9  Platelet  Count  ( Continuous ) 

When  Ranch  Hands  and  Comparisons  were  examined  across  all  occupations,  the  difference  in  mean 
platelet  count  between  the  groups  was  nonsignificant  in  both  unadjusted  and  adjusted  analyses  (Table 
15-1  l(a,b):  p>0.15  in  both  analyses).  In  both  the  unadjusted  and  adjusted  analyses,  significant 
differences  in  mean  platelet  counts  were  found  between  Ranch  Hands  and  Comparisons  within  each 
occupational  stratum  (Table  15-1  l(a,b):  p<0.014  for  all  occupational  strata  in  both  unadjusted  and 
adjusted  analyses).  Mean  platelet  counts  were  higher  among  Comparisons  than  among  Ranch  Hands  for 
the  officer  stratum  and  higher  among  Ranch  Hands  than  among  Comparisons  for  the  enlisted  flyer  and 
enlisted  groundcrew  strata. 


Table  15-11.  Analysis  of  Platelet  Count  (thousand/mm3)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

SteSiWiS 

Difference  of  Means  |l| 
i;-/,  (95%  C.I.)b 

p-Vaiuec 

All 

Ranch  Hand 

862 

207.0 

>*■* 

i 

l 

0.150 

Comparison 

1,243 

203.9 

Officer 

Ranch  Hand 

338 

196.6 

-8.5  - 

0.012 

Comparison 

490 

205.1 

Enlisted  Flyer 

Ranch  Hand 

151 

213.8 

1 

O) 

0.005 

Comparison 

185 

198.8 

Enlisted 

Ranch  Hand 

373 

213.9 

9.3  - 

0.004 

Groundcrew 

Comparison 

568 

204.6 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 


(b)  MODEL  |J  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

Group  ; 

ill 

Difference  of  Adj.  Means 
(95%  C.!.)” 

All 

Ranch  Hand 

860 

205.8 

2.9  - 

0.172 

Comparison 

1,242 

203.0 

Officer 

Ranch  Hand 

337 

199.1 

-8.2  - 

0.014 

Comparison 

490 

207.3 

Enlisted  Flyer 

Ranch  Hand 

151 

213.3 

15.6  - 

0.003 

Comparison 

185 

197.7 

Enlisted  Groundcrew 

Ranch  Hand 

372 

208.9 

8.1- 

0.011 

Comparison 

567 

200.8 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  15-11.  Analysis  of  Platelet  Count  (thousand/mm3)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Initial  Dioxin  n  Mean8  Adj.  Mean8- 

Slope 

R2  (Std.  Error)*  p-Value 

Low  159  204.2  203.8 

Medium  162  208.0  207.9 

High  155  217.8  218.2 

0.016  0.145(0.057)  0.012 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)MOD15L2:  RANCH  HANDS -INITIAL  DIOXIN -AD  JUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

'-HISS'S  flfjj 

Adj.  Slope  v; 

^ t|g§ "R2^  ;  x  <  (Std.Error)b  p- Value 

Low  158  207.5 

Medium  162  207.6 

High  155  214.7 

0.090  0.073  (0.065)  0.262 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

maPBBum- 

,V 

Difference  of  Adj.  Mean 

IBS  vs.  Comparisons  1 

Dioxin  Category 

ttfEnilSIlliKI 

| «  Meah8?:;f  1 

Adj.  Meanab 

Comparison 

1,205 

204.5 

204.6 

Background  RH 

379 

203.6 

202.1 

-2.5  - 

0.374 

Low  RH 

238 

204.2 

204.6 

-0.1  - 

0.987 

High  RH 

238 

215.7 

217.2 

12.6  - 

<0.001 

Low  plus  High  RH 

476 

209.9 

210.8 

6.2  - 

0.017 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-11.  Analysis  of  Platelet  Count  (thousand/mm3)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


n 

till 

Difference  of  Adj.  Mean 
vs.  Comparisons 
(95%  C.I.)b  : 

p-Value‘ 

Comparison 

1,204 

204.2 

Background  RH 

378 

202.3 

-1.9  - 

0.509 

Low  RH 

237 

204.4 

0.2  - 

0.959 

High  RH 

238 

214.8 

10.6  - 

0.002 

Low  plus  High  RH 

475 

209.6 

5.4  - 

0.038 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MOpEE  4:  RANCH  HANDS 

1987  Dioxin  Category  Summary  Statistics  ; 

Analysis  Results  for  Log2  (1987  Dioxin +1)15 

Ri  Slope  (Std.  Error)b  p- Value 

Low 

288 

203.1 

0.009  0.109(0.039)  0.005 

Medium 

284 

203.9 

High 

283 

214.5 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


WKBSm §1  RANCH  HANDS  -  W7BI&8M  KATOtJjSXE D 1 1 1  |i  1#§1« MB  II | |lf  1 M 1  if!  1  • 

1  1987  Dioxin  Category  Summary  §ta^fic|  |®|  Nj 

Low  287  205.1 

Medium  283  204.7 

High  283  209.1 

0.066  0.049  (0.044)  0.264 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  Model  2  unadjusted  analysis  of  platelet  count  in  its  continuous  form  revealed  a  significant  positive 
association  with  initial  dioxin  (Table  15-1 1(c):  p=0.012,  slope=0.145).  After  adjustment  for  the  effects 
of  co variates,  the  association  was  nonsignificant  (Table  15-1 1(d):  p=0.262). 

Unadjusted  and  adjusted  Model  3  analyses  of  mean  platelet  count  levels  were  significantly  greater  for 
Ranch  Hands  in  the  high  dioxin  category  than  for  Comparisons  (Table  15-1  l(e,f):  difference  of  adjusted 
means=12.6  thousand/mm3,  p<0.001,  for  the  unadjusted  analysis;  difference  of  adjusted  means=10.6 
thousand/mm3,  p=0.002,  for  the  adjusted  analysis).  Mean  platelet  counts  also  were  significantly  greater 
for  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  than  for  Comparisons  (Table  15-ll(e,f): 
difference  of  adjusted  means=6.2  thousand/mm3,  p=0.017,  for  the  unadjusted  analysis;  difference  of 
adjusted  means=5.4  thousand/mm3,  p=0.038,  for  the  adjusted  analysis).  Although  the  mean  difference 
increased  as  dioxin  levels  increased,  other  contrasts  of  Ranch  Hands  and  Comparisons  were 
nonsignificant  (Table  15-1  l(e,f):  p>0.37  for  all  remaining  contrasts). 

Similar  to  the  Model  2  analysis,  the  Model  4  unadjusted  analysis  of  platelet  count  in  its  continuous  form 
revealed  a  significant  positive  association  with  the  1987  dioxin  levels  (Table  15-1 1(g):  p=0.005, 
slope=0. 109).  The  relation  was  nonsignificant  after  adjustment  for  covariates  (Table  15-1 1(h):  p=0.264). 

15.2.2, 1. 10  Platelet  Count  (Discrete ) 

A  significant  difference  in  the  percentage  of  participants  with  abnormally  low  platelet  counts  was 
observed  between  Ranch  Hand  and  Comparison  officers  in  both  the  unadjusted  and  adjusted  analyses 
(Table  15-12(a,b):  p=0.021,  Est.  RR=2.65;  p=0.022,  Adj.  RR=2.64,  respectively).  A  significant 
difference  in  the  percentage  of  participants  with  abnormally  low  platelet  counts  also  was  found  for 
enlisted  flyers  (Table  15-12(a,b):  p=0.032,  Est.  RR=0.1 1;  p=0.029,  Adj.  RR=0.10,  for  the  unadjusted  and 
adjusted  analyses,  respectively).  More  Ranch  Hand  than  Comparison  officers  had  abnormally  low 
platelet  counts,  (4.7%  vs.  1.8%),  whereas  more  Comparison  than  Ranch  Hand  enlisted  flyers  exhibited 
abnormally  low  platelet  counts  (6.0  vs.  0.7%).  Contrasts  of  all  Ranch  Hands  versus  all  Comparisons,  as 
well  as  Ranch  Hand  versus  Comparison  enlisted  groundcrew,  were  nonsignificant  (Table  15-12(a,b): 
p>0.1 1  for  all  contrasts). 

No  significant  associations  were  seen  between  abnormal  platelet  counts  and  initial  dioxin  in  the  Model  2 
analyses  (p>0.15  for  all  analyses).  The  Model  3  contrasts  of  Ranch  Hands  in  the  high  dioxin  category 
with  Comparisons  revealed  marginally  significant  differences,  with  a  higher  percentage  of  Comparisons 
having  abnormal  platelet  counts  (Table  15-12(e,f):  p=0.067,  Est.  RR=0.26;  p=0.068,  Adj.  RR=0.26,  for 
the  unadjusted  and  adjusted  analyses,  respectively).  This  same  pattern  was  observed  when  Ranch  Hands 
in  the  low  and  high  categories  combined  were  contrasted  with  Comparisons  (Table  15-12(e,f):  p=0.090, 
Est.  RR=0.47;  p=0.078,  Adj.  RR=0.45,  for  the  unadjusted  and  adjusted  analyses,  respectively).  All  other 
Model  3  contrasts  were  nonsignificant  (Table  15-12(e,f):  p>0.21  for  all  remaining  contrasts). 

A  significant  association  between  1987  dioxin  levels  and  abnormally  low  platelet  count  measures  was 
found  in  the  Model  4  unadjusted  analysis  of  platelet  count  (Table  15- 12(g):  p=0.028,  Est.  RR=0.70). 
These  results  were  nonsignificant  after  adjustment  for  covariates  (Table  15- 12(h):  p=0.135).  Other 
analyses  of  abnormal  platelet  counts  with  1987  dioxin  were  nonsignificant  (Table  15-12(g,h):  p>0.61  for 
all  other  analyses). 
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Table  15-12.  Analysis  of  Platelet  Count  (Discrete) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

—  UNADJUSTED 

.  -'.i- 

Occupational 

Category 

Group 

Number  (%) 

Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Abnormal 

Low 

Abnormal 

High 

Est  Relative 
Risk  (95%  CX) 

p- Value 

Est  Relative 
Risk  (95%  CX) 

p-Value 

All 

Ranch  Hand 

862 

23  (2.7) 

835  (96.9) 

4  (0.5) 

0.85  (0.50,1.43) 

0.533 

1.15  (0.31,4.29) 

0.837 

Comparison 

1,243 

39  (3.1) 

1,199  (96.5) 

5(0.4) 

Officer 

Ranch  Hand 

338 

16  (4.7) 

321  (95.0) 

1  (0.3) 

2.65(1.16,6.06) 

0.021 

0.50  (0.05,4.79) 

0.545 

Comparison 

490 

9(1.8) 

478  (97.6) 

3  (0.6) 

Enlisted  Flyer 

Ranch  Hand 

151 

1  (0.7) 

149  (98.7) 

1  (0.7) 

0.11(0.01,0.83) 

0.032 

1.16(0.07,18.72) 

0.916 

Comparison 

185 

11  (6.0) 

173  (93.5) 

1  (0.5) 

Enlisted 

Ranch  Hand 

373 

6(1.6) 

365  (97.9) 

2  (0.5) 

0.47  (0.19,1.20) 

0.115 

3.00(0.27,33.23) 

0.370 

Groundcrew 

Comparison 

568 

19  (3.4) 

548  (96.5) 

1  (0.2) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

■■■■  _  .  -  - .  _  _ 

— -Adjusted 

phhhhhh 

Ufl  |gii§  Abnormal  Low  vs,  Normal 

Abnormal  High  vs.  Normal 

1  <  Category  gif 

p lipp ■■■■'  Adj.  Relative  Risk  ■ 
(95%C.I.) 

p-Value  v 

V  i3|IS|  AdtJ.  Relative-Risk '  •  111 

p-Value  i  k 

All 

0.84(0.50,1.42) 

0.509 

1.13  (0.30,4.27) 

0.853 

Officer 

2.64(1.15,6.05) 

0.022 

0.55  (0.06,5.37) 

0.606 

Enlisted  Flyer 

0.10(0.01,0.79) 

0.029 

1.18(0.07,19.42) 

0.906 

Enlisted  Groundcrew 

0.48  (0.19,1.23) 

0.127 

2.61  (0.23,29.36) 

0.437 
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Table  15-12.  Analysis  of  Platelet  Count  (Discrete)  (Continued) 


RANCH  HANDS  — 

INITIAL  DIOXIN 

—  UNADJUSTED 

. 

Initial  Dioxin  Category  Summary  Statistics 
'  .  Number  (%) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

HWfsyfwiMi 

111 

Abnormal 

Low 

Normal 

Abnormal 

ragbllS 

Est  Relative  Risk 

J|  (95  %  CX)*  • 

Est  Relative  Risk 
(95%  C.I.)" 

p- Value 

Low 

159 

3  (1.9) 

156  (98.1) 

0  (0.0) 

0.63  (0.33,1.19) 

0.152 

1.28  (0.49,3.36) 

0.616 

Medium 

162 

4(2.5) 

157  (96.9) 

High 

155 

1  (0.7) 

153  (98.7) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


.  ■'  '  .  ' 


Analysis  Results  for  Log2  (Initial  Dioxin) 
‘Abnormal  Low  vs.  Normal 


Ad j.  Relative  Risk 
(95  %‘C.I.)a 


p-Value 


475 


0.69  (0.35,1.37) 


0.290 


Abnormal  High  vs.  Normal 


Adj.  Relative  Risk 
(95%  CX)a 


p ‘Value 


0.67  (0.16,2.88) 


0.590 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  and  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 
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Table  15-12.  Analysis  of  Platelet  Count  (Discrete)  (Continued) 


(e)  MOBEL  3:  ^NCH  BM® S  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

,v:vn 

Number  (%) 

ggfgf  1 

Abnormal 

Low 

Normal 

Abnormal  1 

Est.  Relative  Risk 
(95%  C  I.i* 

v^-*p-yalue-::„".- 

Est  Relative  Risk 
(95%  cj..-1’  r 

Comparison 

1,205 

35  (2.9) 

1,165  (96.7) 

5  (0.4) 

Background  RH 

379 

14  (3.7) 

363  (95.8) 

2(0.5) 

1.40  (0.74,2.66) 

0.299 

1.02  (0.19,5.30) 

0.984 

Low  RH 

238 

6  (2.5) 

232  (97.5) 

0  (0.0) 

0.84  (0.35,2.03) 

0.702 

— 

0.693c 

High  RH 

238 

2  (0.8) 

234  (98.3) 

2.(0.8) 

0.26(0.06,1.10) 

0.067 

2.61  (0.49,13.84) 

0.261 

Low  plus  High  RH 

476 

8(1-7) 

466  (97.9) 

2  (0.4) 

0.47  (0.20,1.13) 

0.090 

- 

0.999c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet 
count. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-12.  Analysis  of  Platelet  Count  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

■  •  '  '•  u  i  - .  .  ....  .  ..... 

f  >  1" 1  rtb-  f 

Abnormal  Low  vs.  Normal 

•  Abnormal  High  vs.  Normal 

. ..SBUtr’ 

Adj.  Relative  Risk 

Adj.  Relative  Risk 

Dioxin  Category 

■ 

(95%  C.I.)a 

^flP^Value  S3* 

S0S:  (95%  C.I.)a  ' 

f§J|t  1  p-Value ;  1 fl§| 

Comparison 

1,204 

Background  RH 

378 

1.40(0.73,2.70) 

0.310 

0.86  (0.16,4.61) 

0.858 

Low  RH 

237 

0.79  (0.33,1.92) 

0.604 

— 

— 

High  RH 

238 

0.26(0.06,1.11) 

0.068 

3.37  (0.50,22.63) 

0.211 

Low  plus  High  RH 

475 

0.45  (0.19,1.09) 

0.078 

— 

— 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 

Note:  RH  =  Ranch  Hand.  Comparison:  1987  Dioxin  <,  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  - 

1:  .RAN 

^■4  rv;'?;;'.- 

CH  HANDS  • 

; 

-1987  DIOXIN -LNADJl 

JSTED 

HUMS 

■  ■ .  v  ::  ■  - 

Category 

)87  Dios 

::  "  ■ 

: 

. . 

n 

:in  Category 

-\  c  •  tesfrfe 

immary  Statistics 

Number  (%) 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Abnormal 

Abnormal 
l|f  High 

Est  RelativeRisk 
;  (95%  C.I.)a 

Iff  ••  p- Value  | 

C  EsL  RelativeRisk  l 

''.':.:.p-yalUe:'^:' 

Low 

288 

10  (3.5) 

276  (95.8) 

2  (0.7) 

0.70  (0.50,0.96) 

0.028 

0.95  (0.48,1.88) 

0.879 

Medium 

284 

8  (2.8) 

276  (97.2) 

0  (0.0) 

High 

283 

4  (1.4) 

277  (97.9) 

2  (0.7) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  15-12.  Analysis  of  Platelet  Count  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  —  1987  DIOXIN  —  ADJUSTED 

gm 

Si 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

n  p-Value 

Adj.  Relative  Risk 

HE  '  mm  Slllii*iiliipiS 

853  0.73(0.49,1.10)  0.135 

0.84  (0.43,1.64)  0.619 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 


15.2.2. 1.11  Prothrombin  Time  ( Continuous ) 

All  results  from  analyses  of  prothrombin  time  in  its  continuous  form  were  nonsignificant  for  Models  1 
through  4  (Table  15-13:  p>0.22  for  all  analyses). 


Table  15-13.  Analysis  of  Prothrombin  Time  (seconds)  (Continuous) 

P  Occupational 

BilSSiiPiHiSi 

Difference  of  Means  111 

|II|^|||i|||  ||i 

p-Va!uec 

All 

Ranch  Hand 

688 

10.48 

-0.01  ~ 

0.870 

Comparison 

1,016 

10.49 

Officer 

Ranch  Hand 

265 

10.54 

0.02  - 

0.720 

Comparison 

402 

10.52 

Enlisted  Flyer 

Ranch  Hand 

114 

10.46 

-0.03  - 

0.748 

Comparison 

157 

10.49 

Enlisted 

Ranch  Hand 

309 

10.45 

-0.02  - 

0.714 

Groundcrew 

Comparison 

457 

10.47 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

Adjusted 

DifferenceofAdj.  Means 

Group 

ifaijlP;# 

111  Mean®  | 

(95%  c.i.)b 

p- Value* 

All 

Ranch  Hand 

687 

10.49 

-0.01  - 

0.873 

Comparison 

1,015 

10.50 

Officer 

Ranch  Hand 

265 

10.52 

0.02  - 

0.765 

Comparison 

402 

10.50 

Enlisted  Flyer 

Ranch  Hand 

114 

10.45 

-0.03  - 

0.718 

Comparison 

157 

10.48 

Enlisted  Groundcrew 

Ranch  Hand 

308 

10.50 

-0.02  - 

0.762 

Comparison 

456 

10.51 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-13.  Analysis  of  Prothrombin  Time  (seconds)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin)15 

’  \  ‘  \  '  •'  -  ■  ■  ■  •  ••  '• 

Mean8 

Adj.  Meanab  § 

R2 

(Std.  Error)0  p-Value 

Low 

119 

10.47 

0.004 

-0.001  (0.003)  0.572 

Medium 

128 

10.46 

High 

128 

10.44 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  prothrombin  time  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


5(d|  MODEL  2:  RANCH  HANDS  - INITIAL  DIOXIN  -  ADJUSTED 

HI  }l|g  Analysis  Results  for  Log2  (Initial  Dioxin)  >/  |J||  | 

R2 

||  (Std.  Error)b  |§J  p- Value, 

Low  119  10.48 

Medium  128  10.50 

High  128  10.51 

0.036 

0.000  (0.003)  0.956 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  prothrombin  time  versus  Iog2  (initial  dioxin). 
Note:  Low  -  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BV  DIOXIN  CATEGORY  -  UNADJUSTED 

ippiliiliii 

Difference  of  Adj^lM^R^r 

^^alued4 

Comparison 

987 

10.49 

10.49 

Background  RH 

309 

10.52 

10.53 

0.04  - 

Low  RH 

182 

10.47 

10.46 

-0.03  - 

High  RH 

193 

10.45 

10.44 

-0.05  - 

Low  plus  High  RH 

375 

10.46 

10.45 

-0.04  - 

HliMI 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-13.  Analysis  of  Prothrombin  Time  (seconds)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ADJUSTED 

Dioxin  Category 

n 

Difference  of  Adj.  Mean  > 
vs.  Comparisons  1  §  1 
(95%  C.I.)b 

||:|:p^yalu^:]i| 

Comparison 

986 

10.50 

Background  RH 

308 

10.52 

0.02  - 

Low  RH 

182 

10.46 

-0.04  - 

High  RH 

193 

10.49 

-0.01  - 

Low  plus  High  RH 

375 

10.47 

-0.03  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean8 

Slope  (Std.  Error)h  pValue 

Low  235  10.51 

Medium  218  10.50 

High  231  10.45 

0.002  -0.002  (0.002)  0.220 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  prothrombin  time  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

j  pj  |  i  1987  Dioxin  Category  Summary , S tatisties  ^-41 

1 1  Analysis  Results  for  Log2  (-1987  DioxiriATf;-'T  ^  <  * 

1987 

iJpSjlllp  Iff  m  pl|  Adjusted  Slope  HI  I  J||l  j  |I§S  I 
iffslf  IvSf  1  f  VVfi?  (Std.  Error)b  |'4»||jy#e| 

Low  234  10.50 

Medium  218  10.50 

High  231  10.50 

0.016  -0.001  (0.002)  0.685 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  prothrombin  time  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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15.2.2.1.12  Prothrombin  Time  (Discrete) 

All  results  from  analyses  of  prothrombin  time  in  its  discrete  form  were  nonsignificant  for  Models  1 
through  4  (Table  15-14:  p>0.29  for  all  analyses). 


Table  15-14.  Analysis  of  Prothrombin  Time  (Discrete) 


VS.  COMPARISONS  -  UNADJUSTED 


^:;:0ccupaWiahal::' 

Number (%) 

High 

Est.  Relative  Risk  Hi 

fill  | 

p-Value 

All 

Ranch  Hand 

688 

10  (1.5) 

1.14  (0.50,2.61) 

0.761 

Comparison 

1,016 

13  (1.3) 

Officer 

Ranch  Hand 

265 

6(2.3) 

1.31  (0.43,3.93) 

0.634 

Comparison 

402 

7  (1.7) 

Enlisted  Flyer 

Ranch  Hand 

114 

0  (0.0) 

— 

0.999a 

Comparison 

157 

1  (0.6) 

Enlisted 

Ranch  Hand 

309 

4(1.3) 

1.19(0.32,4.45) 

0.801 

Groundcrew 

Comparison 

457 

5(1.1) 

a  P- value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  a  high  prothrombin  time. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  a  high  prothrombin  time. 


(b)  MODEL  1:  RANCH  HANDS  V 

S;  COMPARISONS  -  ADJUSTED 

wiiisasilli* 

Occupational  Category 

Adjusted  Relative  Risk  ||  fl! 

p-Value 

illiSSIIi 

All 

1.13  (0.49,2.60) 

0.781 

Officer 

1.29  (0.43,3.91) 

0.650 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

1.15  (0.30,4.35) 

0.838 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  a  high  prothrombin  time. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

*■  !rf  >  *  *8.  *  *  <  <*>■»*  i  ^  ^  yt '  ' 

Initial  Dioxin  Category  Summary’  Statistics 

>  !  US  £,  tM®  m  lllili  cSM 

Kjyi  '■  Analysis  Results  for.  JDo^ l:l  - 

I  *  Initial  0^  k  *  ^f'Sl^mnber  f  >1  % 

p|  Estimated  Relative  Risk  1 1  If  'pi 

Low  119  2(1.7) 

Medium  128  1  (0.8) 

High  128  1  (0.8) 

0.66  (0.28,1.58) 

0.315 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-14. 

Analysis  of  Prothrombin  Time  (Discrete)  (Continued) 

(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 
(95%  C.I.)a 

p-Value 

375 

0.72  (0.28,1.85) 

0.470 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  and  current  cigarette  smoking  because  of  the  sparse  number  of 
participants  with  a  high  prothrombin  time. 


1(e)"  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-UNADJUSTED 

Number  (%)  ■  Est  Relative  Risk 

Jp 

High  .  (95%  CX)ab 

p-Value 

Comparison 

987 

13(1.3) 

Background  RH 

309 

6(1.9)  1.64(0.61,4.37) 

Low  RH 

182 

3(1.7)  1.17(0.33,4.19) 

0.807 

High  RH 

193 

1  (0.5)  0.34  (0.04,2.62) 

Low  plus  High  RH 

375 

4(1.1)  0.62(0.17,2.23) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

HinH  HANDS  and  comparisons  by  dioxin  category  - 

g Adjusted  Relative  Risk  ililfflltil 

j|f(  t  Hioxin  Category  gc|j  < 

(95%  C.I.)‘ 

Comparison 

986 

Background  RH 

308 

1.41  (0.52,3.85) 

0.501 

Low  RH 

182 

1.01  (0.28,3.71) 

0.984 

High  RH 

193 

0.49  (0.06,3.96) 

0.502 

Low  plus  High  RH 

375 

0.70  (0.19,2.57) 

0.586 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-14.  Analysis  of  Prothrombin  Time  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Resulte|br  Tbg2  (1987  Dioxin  + 1);  rj'SHRi 

1987  Number  (%) 

Dioxin  n  High 

Estimated  Relative  Risk 

<95%C.I.)a  p- Value 

0.86(0.55,1.34)  0.498 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <J.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

_ n _ (95%  CX)*  _ p-Value _ 

_ 683 _ 0.86  (0.54,  1.38) _ 0.526 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  a  high  prothrombin 
time. 


15.2.2.1.13  RBC  Morphology 

The  Model  3  unadjusted  analysis  revealed  a  marginally  significant  difference  in  RBC  morphology 
between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table  15-15(e):  p=0.051, 

Est.  RR=1.63).  After  adjustment  for  covariates,  the  result  was  nonsignificant  (Table  15-15(f):  p=0.206). 
All  results  from  other  analyses  of  RBC  morphology  also  were  nonsignificant  (Table  15-15(a-h):  p>0.19 
for  all  other  analyses). 


Table  15-15.  Analysis  of  RBC  Morphology 


li®)c|||B|iional ‘ 

Nij|iber-‘(  %) 

if  Est  Relative  Risk  '  { p 

All 

Ranch  Hand 

866 

64(7.4) 

1.18  (0.84,166) 

0.339 

Comparison 

1,249 

79  (6.3) 

Officer 

Ranch  Hand 

341 

20  (5.9) 

1.03  (0.57,1.87) 

0.910 

Comparison 

493 

28  (5.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

15  (9.9) 

1.10(0.53,2.29) 

0.793 

Comparison 

187 

17(9.1) 

Enlisted 

Ranch  Hand 

374 

29  (7.8) 

1.32  (0.79,2.21) 

0.286 

Groundcrew 

Comparison 

569 

34  (6.0) 
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Table  15-15.  Analysis  of  RBC  Morphology  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

i’vJA  Adjusted  Relative  Risk  , 
r  (95%  C.I.) 

IfUlIf!;''.  p-vaiue  liSliffilfil 

All 

1.16(0.82,1.64 ) 

0.400 

Officer 

1.03  (0.57,1.87) 

0.923 

Enlisted  Flyer 

1.09  (0.52,2.30) 

0.814 

Enlisted  Groundcrew 

1.31  (0.78,2.22) 

0.307 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

II V  f  I^  Initi^l  Dioxin  Category  Summary  Statistics  :J  t  »  C 

If}  Analysis  Results  for  Log2  (Initial  Dioxin)0  |  |||| 

®  if'  | %  ;|;1;  l^tijiibeff  (^|||^^:| 

Estimated  Relative  Risk 

■  (95%  C.I.)b  1  p-Value 

Low  160  14  (8.8) 

Medium  162  16  (9.9) 

High  156  9  (5.8) 

0.94(0.73,1.21)  0.622 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  IP 

4ITIAL  DIOXIN- 

ADJUSTED 

■  ■  n 

lalysis  Results  for  Lo 
Adjusted  Relative  Rh 
:  (95%  C.L)a; 

g2  (Initial  Dioxin) 

t j  ssf  <«»' 4:  *  a-V  &•: 

477 

1.02  (0.76,1.38) 

0.878 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(c)  MODEL  3:  RANCH  HANDS  ANI)  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Number  (%) 

Est  Relative  Risk 

|||  *  Dioxin  Category  j  ; 

/  n  ; 

Abnormal 

(95%  C.I.)ab  . 

p- Value  lU j  j§ 

Comparison 

1,211 

73  (6.0) 

Background  RH 

381 

24  (6.3) 

1.12(0.69,1.81) 

0.639 

Low  RH 

239 

23  (9.6) 

1.63  (1.00,2.67) 

0.051 

High  RH 

239 

16  (6.7) 

1.05  (0.60,1.85) 

0.862 

Low  plus  High  RH 

478 

39  (8.2) 

1.31  (0.87,1.98) 

0.196 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-15.  Analysis  of  RBC  Morphology  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

,::  ,v  In  14::  4 

i!  ’  !  Adj usted  Relative  Risk 

,(95%CX)a  !  ;  ' 

llll  p-Value  11 II  li  V- 

Comparison 

Background  RH 

1,210 

380 

1.18(0.72,1.93) 

0.517 

Low  RH 

238 

1.39  (0.84,2.30) 

High  RH 

239 

1.08  (0.60,1.94) 

Low  plus  High  RH 

477 

1.22(0.80,1.86) 

0.352 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

flMHHlH  CS^ry  ^ummary  Statistics  1 j jj  1 1|  Analysis  Results  for  Log2  (1987  Dioxin  ^  1)  fj  j| gf  jgg 

Estimated  Relative  Risk 

4  (95%  C.I.)a  : / 4  p-Value  : 

Low  288  20  (6.9) 

Medium  287  25  (8.7) 

High  284  18  (6.3) 

1.03(0.87,1.23)  0.698 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


SMMff  HHI  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Ahalysis  Results  for  Log2  (1987  Dioxin  +  1) 


p-Valne 


857 


1.02  (0.84,1.25) 


0.822 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


15. 2.2.1.14  Absolute  Neutrophils  ( Segs ) 

All  Model  1  and  2  results  from  the  analyses  of  absolute  neutrophils  (segs)  were  nonsignificant  (Table 
15-16(a-d):  p>0.11  for  each  analysis). 
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Table  15-16.  Analysis  of  Absolute  Neutrophils  (segs)  (thousand/mm3) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

Difference  of  Means 

p-Valuec 

All 

Ranch  Hand 

866 

3.84 

0.  03  - 

0.612 

Comparison 

1,249 

3.81 

Officer 

Ranch  Hand 

341 

3.59 

-0.02  - 

0.804 

Comparison 

493 

3.61 

Enlisted  Flyer 

Ranch  Hand 

151 

3.92 

-0.02  - 

0.885 

Comparison 

187 

3.95 

Enlisted 

Ranch  Hand 

374 

4.06 

0.10- 

0.263 

Groundcrew 

Comparison 

569 

3.95. 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Category 

Group;  ;J  1 

iiiiii 

Adjusted 
Mean®  ■■■ 

:  Differenceof Adj.  Means 

(95%  C.I.)b 

f  p-Yaluec  j||§j|} 

All 

Ranch  Hand 

864 

3.46 

0.01  » 

0.774 

Comparison 

1,248 

3.45 

Officer 

Ranch  Hand 

340 

3.26 

-0.02  - 

0.808 

Comparison 

493 

3.28 

Enlisted  Flyer 

Ranch  Hand 

151 

3.44 

-0.03  - 

0.804 

Comparison 

187 

3.47 

Enlisted  Groundcrew 

Ranch  Hand 

373 

3.68 

0.06  - 

0.416 

Comparison 

568 

3.61 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


ic)M<&UL  2s  RA^CH^HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED  II 1  if;  ii  y 

5l;'l  Categoi^'Sumniary'  SiSSS 

>  Analysis  Results  for  Log2  (Initial  Dioxin)b  | 

1 1  Mean®  vAdj;:Meanw> 

RJ  (Std.  Error)'  '  ■  :  p-Valne  ; 

Low  160  3.77  3.78 

Medium  162  4.00  4.00 

High  156  4.02  4.00 

0.015  0.019(0.012)  0.115 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-16.  Analysis  of  Absolute  Neutrophils  (segs)  (thousand/mm3)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

-ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logy  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean0 

R2 

Adj.  Slope 

j  Error)b  -  '1 

p-Value 

Low  159  3.37 

Medium  162  3.43 

High  156  3.38 

0.198 

0.000  (0.012) 

0.988 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  B  Y  DIOXIN  CATEGORY  -  UNADJUSTED 

!t«® 

..  Mean3 

|H  Adj.  Meanab  | 

vs.'<^i^ansdiis|^^\ 
Hill  (95%  f§fg§  ’  j|lfj§ 

ijtiiilii 

Comparison 

1,211 

3.82 

3.81 

Background  RH 

381 

3.73 

3.75 

-0.06  - 

0.430 

Low  RH 

239 

3.81 

3.80 

-0.01  - 

0.906 

High  RH 

239 

4.05 

4.03 

0.22  - 

0.028 

Low  plus  High  RH 

478 

3.93 

3.91 

0.10- 

0.172 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-16.  Analysis  of  Absolute  Neutrophils  (segs)  (thousand/mm3)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


II 

Adj.  Mean2 

Difference  of  Adj.  Mean: 
vs.  Comparisons  %  j 
(95%  C.I.)b  : 

p-Vatuec 

Comparison 

1,210 

3.45 

Background  RH 

380 

3.45 

0.00  - 

Low  RH 

238 

3.44 

0.854 

High  RH 

239 

3.50 

0.551 

Low  plus  High  RH 

477 

3.47 

■■KxSEflH 

0.780 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4 :  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

'  '  "  '  •  •  •  '  •  ••  •  •  •  '  •  '  '  : 

|>  §  Analysis  Results  for  Log2  (1 9871)10X111+1)^  1 J 

.  K  f  * 

1987  Dioxin  n  /  Mean® 

•'I- 1  f  @1 

Low  288  3.70 

Medium  287  3.79 

High  284  4.04 

0.007  0.020  (0.008)  0.017 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)MOI)i:r,4:  RANCH  HANDS  -  19S7  DIOXIN  -  ADJUSTKD 

1987  Dioxin  Category  Summary  Statistics 

m|||§H  |  Analysis  Results  forLogi  (1987  Dioxin  + 1)'  fp|  rL j|  < 

1987 

|  fH  Dioxin^  jj  j  T  |g  |  f  ‘  ‘  " 

8 I SlpJSiSijl 
fill  J 

Low  287  3.39 

Medium  286  3.42 

High  284  3.50 

0. 196  0.006  (0.008)  0.455 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  Model  3  unadjusted  analysis  revealed  a  significantly  higher  absolute  neutrophil  mean  for  Ranch 
Hands  in  the  high  dioxin  category  than  for  Comparisons  (Table  15- 16(e):  p=0.028,  difference  of  adjusted 
means=0.22  thousand/mm3).  After  adjustment  for  covariates,  the  difference  was  nonsignificant  (Table 
15-16(f):  p=0.551).  All  other  Model  3  analyses  also  were  nonsignificant  (Table  15-16(e,f):  p>0.17  for 
remaining  Model  3  analyses). 

A  significant  positive  association  between  1987  dioxin  levels  and  absolute  neutrophils  was  revealed  from 
the  Model  4  unadjusted  analysis  (Table  15-16(g):  p=0.017,  slope=0.020).  The  association  became 
nonsignificant  after  adjustment  for  covariate  effects  (Table  15- 16(h):  p=0.455). 

1 5.2.2. 1. 15  Absolute  Neutrophils  ( Bands )  ( Nonzero  Measurements ) 

For  participants  who  had  a  positive  number  of  absolute  neutrophils  (bands),  the  unadjusted  and  adjusted 
Model  1  analyses  revealed  a  marginally  significant  difference  in  absolute  neutrophil  means  between 
Ranch  Hand  and  Comparison  enlisted  groundcrew  (Table  15-17(a,b):  difference  of  means=0.021 
thousand/mm3,  p=0.089;  difference  of  adjusted  means=0.016  thousand/mm3,  p=0.099,  respectively).  The 
Ranch  Hand  absolute  neutrophil  mean  was  greater  than  the  Comparison  mean.  All  other  Model  1 
contrasts  were  nonsignificant  (Table  15-17(a,b):  p>0.12  for  each  remaining  contrast). 


Table  15-17.  Analysis  of  Absolute  Neutrophils  (bands)  (thousand/mm3)  (Nonzero  Measurements) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

ll 

JN  AD  JUSTED 

Occupational 

Category  Group 

l§§! 

Mean3 

gSpifference  of  Means  >  ,  \ 

(95%  C.I.)b  p-Valncc 

All 

Ranch  Hand 

720 

0.201 

0.012  - 

0.123 

Comparison 

1,037 

0.189 

Officer 

Ranch  Hand 

294 

0.194 

0.014  - 

0.250 

Comparison 

406 

0.180 

Enlisted  Flyer 

Ranch  Hand 

115 

0.190 

-0.014  - 

0.478 

Comparison 

160 

0.204 

Enlisted 

Ranch  Hand 

311 

0.213 

0.021  - 

0.089 

Groundcrew 

Comparison 

471 

0.193 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-17.  Analysis  of  Absolute  Neutrophils  (bands)  (thousand/mm3)  (Nonzero 
Measurements)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

IliSliiSSsMiilfli# 

Group 

iiiifi 

IsiKlii! 

Difference  of  Adj.  Means 

^  r'  i(95%C.l.)b  ‘  ;  ‘  : 

-J  ‘  ; j\  _''V  yC  r 

p»VaIuec 

All 

Ranch  Hand 

718 

0.159 

0.009  - 

0.126 

Comparison 

1,036 

0.150 

Officer 

Ranch  Hand 

293 

0.152 

0.01 1  - 

0.221 

Comparison 

406 

0.141 

Enlisted  Flyer 

Ranch  Hand 

115 

0.143 

-0.013  - 

0.389 

Comparison 

160 

0.156 

Enlisted  Groundcrew 

Ranch  Hand 

310 

0.177 

0.016  - 

0.099 

Comparison 

470 

0.161 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


4-  *  i  \  -» ;  i( '  <  -',iN  i'?  s,  t %  *  ;  1  i 

Initial  Dioxin  n  Mean8  Ad(j.Meanab 

R2  (Std.  Error)c  p-Value 

Low  131  0.194  0.195 

Medium  132  0.249  0.250 

High  134  0.195  0.194 

0.004  -0.031  (0.032)  0.343 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

!j§j|  Initial  Dioxin  Category  Summary  Statistics 

J 1 ^  l  Analysis  Results  for  Log2  (Initial  Dioxin)  W,  j  jjp  f  j 

|  Initisfl  Dioxin  |  §|§ j|  Vin  j  |  ^  ^dj.  Mean®  f 

Low  130  0.146 

Medium  132  0.174 

High  134  0.132 

0.117  -0.075(0.036)  0.040 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-17.  Analysis  of  Absolute  Neutrophils  (bands)  (thousand/mm3)  (Nonzero 
Measurements)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Mean8 

Adj.Meanab 

Difference  of  Adj.  Mean 
|  vs.  Comparisons  HI 

(95%  C.I.)C 

p-Valued 

Comparison 

1,002 

0.189 

0.189 

Background  RH 

316 

0.189 

0.191 

0.783 

Low  RH 

196 

0.212 

0.211 

0.079 

High  RH 

201 

0.211 

0.209 

0.020  - 

0.113 

Low  plus  High  RH 

397 

0.211 

0.210 

0.021  - 

0.029 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


if)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

■V  n 

Adj.  Mean®  • 

vs.  Comparisons 
(95%  glSl 

Comparison 

1,001 

0.148 

Background  RH 

315 

0.150 

0.002  - 

0.750 

Low  RH 

195 

0.165 

0.017  - 

0.076 

High  RH 

201 

0.161 

0.013- 

0.166 

Low  plus  High  RH 

396 

0.163 

0.015  - 

0.038 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-17.  Analysis  of  Absolute  Neutrophils  (bands)  (thousand/mm3)  (Nonzero 
Measurements)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +l)b 

1987  Dioxin  n  Mean8 

I;.!:;  R2 

Slope  (Std.  Error)5  p- Value 

Low  241  0.184 

Medium  233  0.204 

High  239  0.217 

0.001 

0.015  (0.021)  0.482 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

j^Stktistics  vt  lj'1 

i||  1 1  |  Analysis  Results  for  Log2  (1987  Dioxin  +  1)  f||  1 | j|j §  § 

1987 

■  R2  (Std.Error)b  '  p-Value 

Low  240  0.136 

Medium  232  0.154 

High  239  0.164 

0.076  0.011  (0.024)  0.657 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  significant  negative  association  between  initial  dioxin  and  absolute  neutrophils  (bands)  was  found  in 
the  Model  2  adjusted  analysis  (Table  15- 17(d):  p=0.040,  adjusted  slope=-0.075).  Results  were 
nonsignificant  in  the  unadjusted  analysis  (Table  15-17(c):  p=0.343). 

The  Model  3  contrast  of  Ranch  Hands  in  the  low  dioxin  category  with  Comparisons  revealed  a  marginally 
significant  difference  of  means,  indicating  a  higher  absolute  neutrophil  mean  among  Ranch  Hands  than 
Comparisons  (Table  15(e,f):  difference  of  adjusted  means=0.022  thousand/mm3,  p=0.079;  difference  of 
adjusted  means=0.017  thousand/mm3,  p=0.076,  for  the  unadjusted  and  adjusted  analyses,  respectively). 
Similarly,  the  mean  difference  between  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  and 
Comparisons  was  significant  (Table  15-17(e,f):  p=0.029,  difference  of  adjusted  means=0.021 
thousand/mm3;  p=0.038,  difference  of  adjusted  means=0.015  thousand/mm3,  for  the  unadjusted  and 
adjusted  analyses,  respectively).  All  other  Model  3  contrasts  and  each  analysis  performed  from  Model  4 
were  nonsignificant  (Table  15-17(e-h):  p>0.1 1  for  each  remaining  contrast). 

15.2. 2.1.16  Absolute  Neutrophils  ( Bands)  (Zero  versus  Nonzero ) 

Unadjusted  and  adjusted  Model  1  analyses  of  the  percentage  of  participants  with  no  absolute  neutrophils 
revealed  a  significant  difference  between  Ranch  Hand  and  Comparison  enlisted  flyers  (Table  15-18(a,b): 
p=0.029,  Est.  RR=1.86;  p=0.026,  Adj.  RR=1.88,  for  the  unadjusted  and  adjusted  analyses,  respectively). 

A  greater  percentage  of  Ranch  Hand  than  Comparison  enlisted  flyers  had  no  absolute  neutrophils  (23.8% 
vs.  14.4%).  All  other  Model  1  results  and  all  results  from  the  analyses  of  Models  2  through  4  were 
nonsignificant  (Table  15-18(a-h):  p>0.13  for  all  remaining  analyses). 
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Table  15-18.  Analysis  of  Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

(a)  MODEL!: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

i §i§ 

•  Number  (%)  . 

.  Zero 

Est.  Relative  Risk 

p-Value 

All 

Ranch  Hand 

866 

146  (16.9) 

0.99(0.79,1.25) 

0.945 

Comparison 

1,249 

212  (17.0) 

Officer 

Ranch  Hand 

341 

47  (13.8) 

0.75  (0.51,1.10) 

0.136 

Comparison 

493 

87  (17.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

36  (23.8) 

1.86(1.07,3.23) 

0.029 

Comparison 

187 

27  (14.4) 

Enlisted 

Ranch  Hand 

374 

63  (16.8) 

0.97  (0.69,1.38) 

0.880 

Groundcrew 

Comparison 

569 

98  (17.2) 

(b)MODELl: 

RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

Adjusted  Relative  Risk  ' 

AU 

0.99(0.79,1.25) 

0.956 

Officer 

0.74  (0.51,1.09) 

0.134 

Enlisted  Flyer 

1.88(1.08,3.27) 

Enlisted  Groundcrew 

0.98  (0.69,1.39) 

0.918 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUS1  I  D 

i -K  :?'•■>/ ''A C-  ft; * •: :  J rte'sFtl >V  >i  '  =iV  :Vv 

Analysis  Results  for  Logjj  (InitialDioxin)"  \ ", 

Initial  Number  (%) 

:■  E^ii^lti^;|R!|liii^|^®I^pS'S^'' v  S;  If&l, 

:  (95%C.I.)b  p-Valuc 

Low  160  29(18.1) 

Medium  162  30(18.5) 

High  156  22(14.1) 

0.92(0.76,1.11)  0.381 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

RANCH  HANDS -JlSIT^KPIpXIN-- ADJUSTED  gg|g 

ISiilillttililil 

iiiiiiiii®! 

im|:.';p-ya!ue,  ,i  • 

All 

0.87  (0.70,1.09) 

0.214 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  15-18.  Analysis  of  Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

^JJr^I)JlBTED;:  ill 

Number  (.%)  Est  Relative  Risk 

I1  *  Dioxin  Category  1  }  f  | 

Zero  ;  (95%  C.I.)ab 

|  Hi  |  p-Value 

Comparison 

1,211 

209  (17.3) 

Background  RH 

381 

65(17.1)  0.98(0.72,1.34) 

0.908 

Low  RH 

239 

43(18.0)  1.05(0.73,1.51) 

0.781 

High  RH 

239 

38(15.9)  0.91  (0.62,1.33) 

0.625 

Low  plus  High  RH 

478 

81  (17.0)  0.98(0.74,1.30) 

0.881 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

StHR^^fi^jpS^jmCOMPARlSONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

.  (95%  C.I.)a 

p-Value 

Comparison 

1,210 

Background  RH 

380 

1.02  (0.75,1.40) 

0.897 

Low  RH 

238 

1.03  (0.72,1.49) 

0.859 

High  RH 

239 

0.88(0.59,1.30) 

0.515 

Low  plus  High  RH 

477 

0.95  (0.72,1.27) 

0.741 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


-LWDJLSILD 

i  ||§§|  1^8^Di6tihf>Ca^biy§ukiunary^^)^c^^ 

a 

gHil  v  Analysis  ResuItS  for  Log2  (1987  Dioxin  4  >| j 

1987  ,  C  B  Num&er  (%) 

i  u  i  1 1  m 

Low  288  47  (16.3) 

Medium  287  54  (18.8) 

High  284  45  (15.9) 

0.99(0.88,1.12)  0.905 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  15-18.  Analysis  of  Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

c  1  "*  -  \  %  iV,  u  [  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  <( 

Adjusted  Relative  Risk 

n  .  (95%  C.I.)a 

p-Value 

857  0.92(0.80,1.06) 

0.264 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

1 5.2. 2.1.17  Absolute  Lymphocytes 

The  unadjusted  and  adjusted  Model  2  analyses  of  absolute  lymphocytes  revealed  a  marginally  significant 
positive  association  between  absolute  lymphocytes  and  initial  dioxin  (Table  15-19(c,d):  p=0.063, 
slope=0.023;  p=0.087,  adjusted  slope=0.024,  for  the  unadjusted  and  adjusted  analyses,  respectively). 
Both  analyses  showed  an  increase  in  absolute  lymphocyte  levels  for  increasing  initial  dioxin  levels. 
Results  from  each  of  the  analyses  of  Models  1,  3,  and  4  were  nonsignificant  (Table  15-19(a,b,  and  e-h): 
p>0.23  for  all  analyses). 


Table  15-19.  Analysis  of  Absolute  Lymphocytes  (thousand/mm3) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 
^4  >|Cdtegorys  ' 

•V%  v  Group.  A-'  ■ 

n  :  \  4 

Difference  of  Means  ¥§ 
(95%  C.I.)b 

All 

Ranch  Hand 

866 

1.76 

0.00- 

0.920 

Comparison 

1,249 

1.75 

Officer 

Ranch  Hand 

341 

1.70 

0.04  - 

0.392 

Comparison 

493 

1.67 

Enlisted  Flyer 

Ranch  Hand 

151 

1.71 

-0.08  - 

0.248 

Comparison 

187 

1.79 

Enlisted 

Ranch  Hand 

374 

1.83 

0.01  - 

0.891 

Groundcrew 

Comparison 

569 

1.82 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-19.  Analysis  of  Absolute  Lymphocytes  (thousand/mm3)  (Continued) 


(b)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Group!  iQ 

$MK1 

Adjusted  i  jjjj  | 

Difference  of  Adj.  Means  v 

p-Value£ 

AU 

Ranch  Hand 

864 

1.79 

0.00  - 

0964 

Comparison 

1,248 

1.79 

Officer 

Ranch  Hand 

340 

1.80 

0.05  - 

0.259 

Comparison 

493 

1.75 

Enlisted  Flyer 

Ranch  Hand 

151 

1.74 

-0.08  - 

0.236 

Comparison 

187 

1.82 

Enlisted  Groundcrew 

Ranch  Hand 

373 

1.82 

-0.01  ~ 

0.781 

Comparison 

568 

1.83 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


<c)  MODEL 2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log*  (Initial  Dioxin)5 

Initial  Dioxin  n  Mean*  Adj.  Meanab 

R2  (Std.  Error)c  p- Value 

Low  160  1.68  1.69 

Medium  162  1.75  1.75 

High  156  1.83  1.82 

0.021  0.023  (0.012)  0.063 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

ij; Adj|ffian?i^ 

R2  (Std.  Krrort"  :  p-Value 

Low  159  1.76 

Medium  162  1.81 

High  156  1.88 

0.064  0.024  (0.014)  0.087 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  Iog2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-19.  Analysis  of  Absolute  Lymphocytes  (thousand/mm3)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Adj.Meanab 

Difference  of  Adj.  Mean 

M  fe  vs.  Comparisons  ,  £ 

'  (95%  c.i.)c :  ; 

p-Valued 

Comparison 

1,211 

1.75 

1.75 

Background  RH 

381 

1.75 

1.77 

0.02  - 

0.671 

Low  RH 

239 

1.72 

1.71 

-0.04  ~ 

0.383 

High  RH 

239 

1.79 

1.78 

0.03  - 

0.575 

Low  plus  High  RH 

478 

1.75 

1.74 

-0.01  - 

0.839 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ADJUSTED 

Difference  of  Adj. 

inc  •  . 

Dioxin  Category 

f, i!  «’>•!; 

.  vs.  .Coiupai  ist 
(95%  C.I.)b 

Comparison 

1,210 

1.79 

Background  RH 

380 

1.83 

0.04  - 

0.356 

Low  RH 

238 

1.77 

-0.02  - 

0.572 

High  RH 

239 

111 

-0.02  - 

0.572 

Low  plus  High  RH 

All 

1.77 

-0.02  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-19.  Analysis  of  Absolute  Lymphocytes  (thousand/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +l)b 

1987  Dioxin  n  Mean* 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

j  '  ‘  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |1| 

Hi  |i|  :§g|8|  Adjusted  Slope  iHS31BIPPSI 

R2  (Std.  Error  jb-  p- Value 

Low  287  1.73 

Medium  286  1.79 

High  284  1.79 

0.050  0.007  (0.009)  6.455 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


15.2.2. 1. 18  Absolute  Monocytes 

The  Model  4  unadjusted  analysis  of  absolute  monocytes  revealed  a  marginally  significant  positive 
association  with  1987  dioxin  levels  (Table  15-20(g):  p=0.059,  slope=0.007).  This  association  was 
nonsignificant  after  adjustment  for  covariates  (Table  15-20(h):  p=0.125).  All  analysis  results  from 
Models  1  through  3  also  were  nonsignificant  (Table  15-20(a-f):  p>0.10  for  all  other  analyses). 
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Table  15-20.  Analysis  of  Absolute  Monocytes  (thousand/mm3) 

~(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Difference  of  Means 

Category  Group  n  Mean8  (95%  C.L)b  p-Valuec 


All 

Ranch  Hand 

866 

0,477 

- 0.004 - 

0.648 

Comparison 

1,249 

0.481 

Officer 

Ranch  Hand 

341 

0.463 

-0.008  - 

0.594 

Comparison 

493 

0.471 

Enlisted  Flyer 

Ranch  Hand 

151 

0.470 

-0.037  - 

0.118 

Comparison 

187 

0.507 

Enlisted 

Ranch  Hand 

374 

0.492 

0.011  - 

0.455 

Groundcrew 

Comparison 

569 

0.482 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(b)  MODEL!:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

Category 

SHl^:.;proup .  I® 

/  n 

Adjusted 
.  |  pean*  ||| 

Difference  of  Adj,  Means 
(95%  C.I.)b 

All 

Ranch  Hand 

864 

0.471 

-0.006- 

0.544 

Comparison 

1,248 

0.476 

Officer 

Ranch  Hand 

340 

0.461 

-0.007  - 

0.620 

Comparison 

493 

0.468 

Enlisted  Flyer 

Ranch  Hand 

151 

0.452 

-0.037  - 

0.106 

Comparison 

187 

0.490 

Enlisted  Groundcrew 

Ranch  Hand 

373 

0.489 

0.008  - 

0.590 

Comparison 

568 

0.481 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  15-20.  Analysis  of  Absolute  Monocytes  (thousand/mm3)  (Continued) 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)15  |J|yjJ;J 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

R2  (Std.  Error)c  p- Value 

Low  160  0.468  0.469 

Medium  162  0.528  0.528 

High  156  0.472  0.470 

0.003  0.003  (0.006)  0.568 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  absolute  monocytes  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


-ADJUSTED 

Jiff 

1 3  f  Analysis  Results  for  Log*  (Initial  Dioxin)  gjpji|| || 

Initial  Dioxin  n  Adj.  Mean0 

n®iii 

■|  |  (Std.  Eiror)b3!':ft  1  >fp-Value  J  |  | 

Low  159  0.463 

Medium  162  0.508 

High  156  0.446 

0.041 

0.000  (0.006)  0.999 

a  Transformed  from  square  root  scale. 

^  * 

Slope  and  standard  error  based  on  square  root  of  absolute  monocytes  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MQI>EB  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGOR^#!^ 


mmM 

Ad^Mean^  j 

Difference  of  Adj.  Mean 
|l|ip  vs.  Comparisons  mB 

Comparison 

1,211 

0.480 

0.480 

Background  RH 

381 

0.459 

0.464 

-0.016- 

0.221 

Low  RH 

239 

0.470 

0.469 

-0.011  - 

0.480 

High  RH 

239 

0.508 

0.502 

0.022  - 

0.136 

Low  plus  High  RH 

478 

0.489 

0.486 

0.006  - 

0.606 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-20.  Analysis  of  Absolute  Monocytes  (thousand/mm3)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

MMil  3lf 

Difference  of  Adj.  Mean 

Vs.  Comparisons 
:  (95%  CX)b 

p-Valuec 

Comparison 

1,210 

0.479 

Background  RH 

380 

0.464 

-0.015  - 

0.223 

Low  RH 

238 

0.464 

-0.015  - 

0.319 

High  RH 

239 

0.499 

0.020  - 

0.193 

Low  plus  High  RH 

477 

0.482 

0.003  - 

0.822 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL 4:  RANCH  HANDS -1987 DIOXIN -UNADJUSTED 

K^p^Analysis  Results  for  Log2(1987  Dioxin  +l)b  ^ ^ 

’  >  t  i  2  r  ^ >l,r 

:  1  :i' 

Low  288  0.458 

Medium  287  0.467 

High  284  0.503 

0.004  0.007  (0.004)  0.059 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  absolute  monocytes  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL 4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1 1  f§  Tfio^in  jj|j  j  jj§,  |n  jjjj  Meanaf  V'J'|^ , 

J/ji/R2;  J2|  ,  0?ta.  En*or)b  ^  _r  cJ  p|^aliue  v  j 

Low  287  0.450 

Medium  286  0.458 

High  284  0.493 

6.032  0.007  (0.004)  0.125 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  absolute  monocytes  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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1 5.2.2. 1.19  Absolute  Eosinophils  (Nonzero  Measurements ) 

For  participants  who  had  a  positive  number  of  absolute  eosinophils,  all  analyses  in  Models  1  through  4 
were  nonsignificant  (Table  15-21(a-h):  p>0.10  for  all  analyses). 


Table  15-21.  Analysis  of  Absolute  Eosinophils  (thousand/mm3)  (Nonzero  Measurements) 

ippililg 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

BiiiiMSiii 

•'  •;  v  h  \ 

Mean8 

Difference  of  Means 
(95%  C.I.)\ 

p-Valuec 

AU 

Ranch  Hand 

760 

0.159 

-0.002  - 

0.684 

Comparison 

1,096 

0.161 

Officer 

Ranch  Hand 

305 

0.160 

0.007  - 

0.422 

Comparison 

448 

0.153 

Enlisted  Flyer 

Ranch  Hand 

134 

0.162 

-0.002  - 

0.895 

Comparison 

165 

0.164 

Enlisted 

Ranch  Hand 

321 

0.157 

-0.011  - 

0.183 

Groundcrew 

Comparison 

483 

0.167 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1: itRANCH;HA9lDS  VS:  COMPARISONS  - 


ADJUSTED 


;  Category  . 

Group 

. : Adjusted'.^,;; 

l^s'Meaii8.' ,  |g§;f 

Difference  of  Adj.  Means  II 
;  (95%  CX)b 

All 

Ranch  Hand 

758 

0.151 

-0.003  - 

0.576 

Comparison 

1,095 

0.154 

Officer 

Ranch  Hand 

304 

0.154 

0.007  - 

0.347 

Comparison 

448 

0.147 

Enlisted  Flyer 

Ranch  Hand 

134 

0.150 

-0.003  - 

0.806 

Comparison 

165 

0.153 

Enlisted  Groundcrew 

Ranch  Hand 

320 

0.149 

-0.013  - 

0.106 

Comparison 

482 

0.162 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-21.  Analysis  of  Absolute  Eosinophils  (thousand/mm3)  (Nonzero  Measurements) 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)1* 

Slope 

R:  "  (Std.  Error)' 

p-Value 

Low 

139 

0.155 

0.155 

0.001  0.005  (0.025) 

Medium 

144 

0.154 

0.154 

Jiigh _ 

134 

0.157 

0.157 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(tl)  MODEL  2:  RANCH  HANDS  -  INIT  IAL  DIOXIN  -  ADJUSTED 

l 1 U  jfi  I  jf  Analysis  Results  for  Log2  (Initial  Dioxin)  |  $  §J  j|  § 

f|  1  Hill  (Std.  Error)1*  j 1|  ||  p-Value 

Low  138  0.151 

Medium  144  0.150 

High  134  0.155 

0.009  0.012  (0.029)  0.670 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-21.  Analysis  of  Absolute  Eosinophils  (thousand/mm3)  (Nonzero  Measurements) 
(Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


iiaiiiiisifeiPi 

IllllilS  lilpli® 

Meanaf;|:l 

Adj.  Meanab 

Difference  of  Adj.  Mean  1 
vs.  Comparisons 
(95%  C.I.)C  - 

lilfilf 

Comparison 

1,064 

0.161 

0.161 

Background  RH 

337 

0.162 

0.163 

0.002  - 

0.805 

Low  RH 

206 

0.156 

0.155 

-0.006  - 

0.513 

High  RH 

211 

0.155 

0.154 

-0.007  - 

0.434 

Low  plus  High  RH 

417 

0.155 

0.155 

-0.006  - 

0.346 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


n 

PllWllillilill 

Adj.  Mean8 

1 1  Difference  oLAdj.^Mean  : 

III; 

(95%  C.IJb 

Comparison 

1,063 

0.153 

Background  RH 

336 

0.156 

0.003  - 

0.677 

Low  RH 

205 

0.147 

-0.006  - 

0.447 

High  RH 

211 

0.144 

-0.009  - 

0.229 

Low  plus  High  RH 

416 

0.146 

-0.007  - 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-21.  Analysis  of  Absolute  Eosinophils  (thousand/mm3)  (Nonzero  Measurements) 
(Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +l)b:  1 11  { 

1987  Dioxin  n  Mean8 

R2  Slope  (Std.  Error)b  p  Value 

Low  256  0.164 

Medium  250  0.156 

High  248  0.155 

0.001  -0.017  (0.017)  0.330 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


— 1987  MOXIN  7-  ADJUSTED 


H  | v  Analysis  Results  for  Log2  (1987  Dioxin  + 1>!  1 1  ||  f| p;  1 1 

SIlIKIili 

x  Adjusted  Slope  ^  1 

.•  Aidj.  Mean* 

:  R2  : 

(Std.  Error)b  p  f|j  | !  p- Value  j  | 

Low 

255 

0.156 

0.028 

-0.010  (0.020)  0.608 

Medium 

249 

0.149 

High 

248 

0.148 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


15.2.2.1.20  Absolute  Eosinophils  (Zero  versus  Nonzero ) 

The  percentage  of  participants  with  no  absolute  eosinophils  present  was  not  significantly  associated  with 
exposure  group  or  dioxin  in  any  of  the  Model  1  through  4  analyses  (Table  15-22(a-h):  p>0.37  for  all 
analyses). 


Table  15-22.  Analysis  of  Absolute  Eosinophils  (Zero  vs.  Nonzero) 


(a)  MODEL  1:  RANCH  HANDS  VSUJ^MfcARISONS  -  UNADJUSTED 


K  | || | Category  H 

Jgj||  Group  | ■ 

Esi  Relati ve  Risk 

All 

Ranch  Hand 

866 

106(12.2) 

1.00  (0.77,1.30) 

0.995 

Comparison 

1,249 

153  (12.3) 

Officer 

Ranch  Hand 

341 

36  (10.6) 

1.18(0.74,1.86) 

0.493 

Comparison 

493 

45  (9.1) 

Enlisted  Flyer 

Ranch  Hand 

151 

17(11.3) 

0.95  (0.49,1.86) 

0.885 

Comparison 

187 

22(11.8) 

Enlisted 

Ranch  Hand 

374 

53  (14.2) 

0.93  (0.64,1.34) 

0.689 

Groundcrew 

Comparison 

569 

86(15.1) 
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Table  15-22.  Analysis  of  Absolute  Eosinophils  (Zero  vs.  Nonzero )  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
;  (95%  C.I.)  .  ' 

p- Value 

All 

1.01  (0.77,1.31) 

0.970 

Officer 

1.18(0.74,1.87) 

0.489 

Enlisted  Flyer 

0.95  (0.49,1.87) 

0.893 

Enlisted  Groundcrew 

0.92  (0.64,1.34) 

0.674 

(c)  MODEL  2:  RANCH  HANDS -INITIAL DIOXIN -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Loga  (Initial  Dioxin)®,  ||  J  J ! 

Estimated  Relative  Risk 

(95%C.I.)b  p*  Value 

Low  160  21  (13.1) 

Medium  162  18(11.1) 

High  156  22  (14.1) 

0.95(0.77,1.17)  0.630 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2: 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

(95%  C.I.)*  p-Value 

477 

0.92(0.73,1.18)  0.521 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  ||| 

$|§§l  Will®  Categti0F;fJ|) 

f,K  Est  Relative  Risk 

JJ||§  (95%  CX)ab)|f,|t; 

lilSKiiiiiiiili 

Comparison 

Background  RH 

1,211 

381 

147  (12.1) 

44  (11.6) 

0.96  (0.67,1.38) 

0.833 

Low  RH 

239 

33  (13.8) 

1.15(0.77,1.73) 

0.487 

High  RH 

239 

28(11.7) 

0.95  (0.61,1.46) 

0.798 

Low  plus  High  RH 

478 

61  (12.8) 

1.04  (0.76,1.44) 

0.789 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  15-22.  Analysis  of  Absolute  Eosinophils  (Zero  vs.  Nonzero)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

lifiliiiiKifcMlfeill 

■:  n 

1  III  Adjusted  Relative  Risk  | 

p- Value 

Comparison 

1,210 

Background  RH 

380 

1.07  (0.74,1.55) 

0.705 

Low  RH 

238 

1.16(0.77,1.76) 

0.467 

High  RH 

239 

0.82  (0.53,1.27) 

0.376 

Low  plus  High  RH 

477 

0.98(0.71,1.35) 

0.885 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Estimated  Relative  Risk 

(95%  C.l.)a  p-Value 

Low  288  32(11.1) 

Medium  287  37  (12.9) 

High  284  36(12.7) 

1.05(0.91,1.20)  0.528 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  _ " 

§l|jji|ijj§i^^ 

_ _ n _ _(95%  C.I.)a  .  .  ...  '  p- Value 

857  0.99(0.84,1.16)  0,894 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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15.2.2. 1.21  Absolute  Basophils  ( Nonzero  Measurements ) 

For  participants  who  had  a  positive  number  of  absolute  basophils,  no  significant  relations  were  observed 
between  basophils  and  exposure  group  or  dioxin  in  Model  1  through  4  analyses  (Table  15-23(a-h): 
p>0.18  for  each  analysis). 


Table  15-23.  Analysis  of  Absolute  Basophils  (thousand/mm3)  (Nonzero  Measurements) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

ilJlSiiHll 

Mean8 

Difference  of  Means 

|;fl!||pip|!l!l| 

Iff  |  ;  p*  Value* 

All 

Ranch  Hand 

373 

0.078 

-0.002  - 

0.315 

Comparison 

580 

0.080 

Officer 

Ranch  Hand 

149 

0.076 

-0.001  - 

0.838 

Comparison 

232 

0.077 

Enlisted  Flyer 

Ranch  Hand 

75 

0.079 

-0.003  - 

0.577 

Comparison 

87 

0.082 

Enlisted 

Ranch  Hand 

149 

0.079 

-0.003  - 

0.322 

Groundcrew 

Comparison 

261 

0.082 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


.CH  HANDS  VS.  O 

MS 

RISONS  -A) 

1111111111111111 

S  !P^®g^ry"  1 1 1! 

Group 

g:|gg|fc 

Adjusted 

Mean8 

Difference  of  Adj.  Means 
(95%  CX)b 

p-VaIuec 

AU 

Ranch  Hand 

372 

0.072 

—0.002  mm 

0.280 

Comparison 

580 

0.074 

Officer 

Ranch  Hand 

148 

0.071 

l 

l 

rH 

o 

o 

o 

1 

0.669 

Comparison 

232 

0.073 

Enlisted  Flyer 

Ranch  Hand 

75 

0.072 

-0.002  - 

0.682 

Comparison 

87 

0.074 

Enlisted  Groundcrew 

Ranch  Hand 

149 

0.073 

-0.003  - 

0.326 

Comparison 

261 

0.076 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  15-23.  Analysis  of  Absolute  Basophils  (thousand/mm3)  (Nonzero  Measurements) 
(Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)11 

rlftS-  S'  ■! 

Mean* 

Adj.  Meanab ; 

Slope 

R2  (Std.  Error)® 

• '  -p-VaiuellJill 

Low 

62 

0.077 

0.078 

0.013  0.009(0.022) 

0.685 

Medium 

58 

0.075 

0.076 

High 

81 

0.081 

0.080 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


«D  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  ADJUSTED 

HUIli  Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean® 

R2  (Std.  Error)*1  p-Value 

Low  61  0.073 

Medium  58  0.070 

High  81  0.073 

0.082  -0.003  (0.026)  0.917 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


I  »'  | 

Adj.  Mean*" 

Difference  of  Adj.  Mean:g| 

j|  p^yaitiel 

Comparison 

562 

0.080 

0.080 

Background  RH 

168 

0.077 

0.078 

-0.002  - 

Low  RH 

92 

0.076 

0.076 

-0.004  - 

0.222 

High  RH 

109 

0.080 

0.080 

0.000  - 

Low  plus  High  RH 

201 

0.078 

0.078 

-0.002  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-23.  Analysis  of  Absolute  Basophils  (thousand/mm3)  (Nonzero  Measurements) 
(Continued) 


(f)jMO0EL  3:  RANCH®  ANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


J:! 

n  '■ 

lllll®  Adji-Mean®  :  ' 

Difference  of  Adj.  Mean  § 
vs.  Comparisons  .  \ 

(95%  C.I.)b 

p- Value0 

Comparison 

562 

0.075 

Background  RH 

168 

0.074 

-0.001  - 

Low  RH 

91 

0.071 

-0.004  - 

High  RH 

109 

0.073 

-0.002  - 

Low  plus  High  RH 

200 

0.072 

-0.003  - 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (1987  Dioxin  +l)b 

1987  Dioxin  n  Mean8 

R*  Slope  (Std.  Error)b  p- Value 

Low  132  0.076 

Medium  109  0.079 

High  128  0.078 

<0.001  0.006  (0.014)  0.674 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

1  1987  Dioxin  Category  Summary  Statistics^  pf 

|  Analysis ResultsforLog2(1987Di oxin  +  1)  ( 

1987; 

Dioxin  n  Adj.  Mean11 

Low  132  0.069 

Medium  108  0.072 

High  128  0.067 

0.076  -0.006(0.016)  0.716 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


15.2.2. 1.22  Absolute  Basophils  ( Zero  versus  Nonzero ) 

Unadjusted  and  adjusted  Model  1  analyses  of  the  percentage  of  participants  with  no  absolute  basophils 
revealed  a  significant  difference  between  Ranch  Hand  and  Comparison  enlisted  groundcrew  (Table 
15-24(a,b):  p=0.068,  Est.  RR=1.28;  p=0.065,  Adj.  RR=1.28,  respectively).  A  greater  percentage  of 
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Ranch  Hand  than  Comparison  enlisted  groundcrew  had  no  absolute  basophils.  All  other  Model  1 
contrasts  were  nonsignificant  (Table  15-24(a,b):  p>0.10  for  each  remaining  contrast). 


Table  15-24.  Analysis  of  Absolute  Basophils  (Zero  vs.  Nonzero) 


(a)  MODEL  Is  iRANCH  HINDIS  VS,  -COMPARISONS  -  UNADJUSTED 


llOeetipationa!'-' 

Group 

n 

Number  (%) 

;.j  |;|  ■  Zero  ’ 

Est.  Relative  Risk 
(95%  C.I.) 

•  •  '  p-Value  '  ||| 

All 

Ranch  Hand 

866 

493  (56.9) 

1.15  (0.96,1.36) 

0.126 

Comparison 

1,249 

669  (53.6) 

Officer 

Ranch  Hand 

341 

192(56.3) 

1.15(0.87,1.51) 

0.338 

Comparison 

493 

261  (52.9) 

Enlisted  Flyer 

Ranch  Hand 

151 

76  (50.3) 

0.88(0.57,1.35) 

0.565 

Comparison 

187 

100(53.5) 

Enlisted 

Ranch  Hand 

374 

225  (60.2) 

1.28  (0.98,1.67) 

0.068 

Groundcrew 

Comparison 

569 

308  (54.1) 

(b)  MODEL  1:  RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  (95%  C.I.);  p-Value 


All 

1.16(0.97,1.38) 

Officer 

1.16(0.88,1.53) 

Enlisted  Flyer 

0.87  (0.57,1.34) 

Enlisted  Groundcrew 

1.28  (0.98,1.68) 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

If  1  lliill  Dioxin  Category  Summary  Statistics  %  1 

Analysis  Results  for  Log2  (Initial  Dioxin)a 

:  Dioxin  n  :  Zero 

■:  ■  ■■'Estiiiiatedi-Relati^e'^WsIc^li 

'  :  (95%  C.I.)h  Y p-Value  ^  : 

Low  160  98(61.3) 

Medium  162  104  (64.2) 

High  156  75(48.1) 

0.84  (0.73,0.97)  0.015 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  15-24.  Analysis  of  Absolute  Basophils  (Zero  vs.  Nonzero)  (Continued) 


|(d);MOi)EL:2| 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n 

(95%  C.I.)a  ■ 

477 

0.81  (0.68,0.95) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e) MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  : 

$il|  Est  Relative  Risk  1 
(95%  C.I.)ab 

p-Value 

Comparison 

1,211 

649  (53.6) 

Background  RH 

381 

213  (55.9) 

1.09  (0.86,1.38) 

0.459 

Low  RH 

239 

147(61.5) 

1.39(1.04,1.84) 

0.025 

High  RH 

239 

130  (54.4) 

1.04  (0.78,1.37) 

0.796 

Low  plus  High  RH 

478 

277  (58.0) 

1.20  (0.97,1.49) 

0.098 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

^II^AdjustedlRriiatiwJUIkl'i/lilll 

Dioxin  Category 

gMHi  l  (§81  m 

Comparison 

1,210 

Background  RH 

380 

1.11  (0.87,1.41) 

0.395 

Low  RH 

238 

1.47(1.10,1.95) 

High  RH 

239 

1.00(0.75,1.33) 

0.979 

Low  plus  High  RH 

477 

1.21  (0.97,1.50) 

0.091 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  15-24.  Analysis  of  Absolute  Basophils  (Zero  vs.  Nonzero)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Zero 

W  Estimated  Relative  Risk  |  |  Ipiili 

(95%C.I.)a  p -Value 

Low  288  156  (54.2) 

Medium  287  178  (62.0) 

High  284  156  (54.9) 

0.97  (0.88,1.06)  0.496 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODpL  4-;  R^CILflANDS  - 1987  DIOXIN- ADJUSTED 


Analysis  Results  for  Lpg£<J987  Dioxin  + 1) 
Adjusted  Relative  Risk 


p- Value 


857 


0.94  (0.84,1.05) 


0.257 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Model  2  analyses  displayed  a  significant  association  between  initial  dioxin  and  the  percentage  of 
participants  with  no  absolute  basophils,  both  with  and  without  adjustment  for  covariates  (Table 
15-24(c,d):  p=0.015,  Est.  RR=0.84;  p=0.012,  Adj.  RR=0.81,  respectively).  As  initial  dioxin  increased, 
the  percentage  of  participants  with  no  absolute  basophils  decreased. 

A  significant  difference  in  the  proportion  of  participants  with  no  absolute  basophils  was  observed 
between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  in  both  Model  3  unadjusted  and 
adjusted  analyses  (Table  15-24(e,f):  p=0.025,  Est.  RR=1.39;  p=0.009,  Adj.  RR=1.47,  respectively). 

Also,  the  contrast  of  Comparisons  with  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined  was 
marginally  significant  in  both  the  unadjusted  and  adjusted  analyses  (Table  15-24(e,f):  p=0.098, 

Est.  RR=1.20;  p=0.091,  Adj.  RR=1.21,  respectively).  Ranch  Hands  in  these  dioxin  categories  had  a 
higher  percentage  of  participants  with  no  absolute  basophils  than  did  Comparisons.  All  other  Model  3 
contrasts,  as  well  as  the  Model  4  analysis  results,  were  nonsignificant  (Table  15-24(e-h):  p>0.25  for  all 
analyses). 

15.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  platelet  count  to  examine  whether  changes  across  time  differed 
with  respect  to  group  membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3). 
Model  4  was  not  examined  in  longitudinal  analyses  because  1987  dioxin — the  measure  of  exposure  in 
these  models — changes  over  time  and  is  not  available  for  all  participants  for  1982  or  1997. 

Discrete  and  continuous  analyses  were  performed  for  platelet  count.  The  longitudinal  analyses  for  these 
variables  investigated  the  difference  between  the  1982  and  1997  examinations.  These  analyses  were  used 
to  investigate  the  temporal  effects  of  dioxin  during  the  15-year  period  between  1982  and  1997. 
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Participants  who  were  abnormal  in  1982  were  not  included  in  the  longitudinal  analysis  of  discrete 
dependent  variables.  The  purpose  of  the  longitudinal  analysis  was  to  examine  the  effects  of  dioxin 
exposure  across  time.  Participants  who  were  abnormal  in  1982  were  not  considered  to  be  at  risk  for 
developing  the  condition  because  the  condition  already  existed  at  the  time  of  the  first  collection  of  data 
for  the  AFHS  (1982).  Only  participants  considered  normal  at  the  1982  examination  were  considered  to 
be  at  risk  for  developing  the  condition;  therefore,  the  rate  of  abnormalities  under  this  restriction 
approximates  an  incidence  rate  between  1982  and  1997.  That  is,  an  incidence  rate  is  a  measure  of  the  rate 
at  which  people  without  a  condition  develop  the  condition  during  a  specified  period  of  time  (41). 
Summary  statistics  are  provided  for  reference  purposes  for  the  1985,  1987,  and  1992  examinations. 

The  longitudinal  analyses  for  platelet  count  in  its  discrete  form  examined  relative  risks  at  the  1997 
examination  for  participants  who  were  classified  as  normal  at  the  1982  examination.  The  adjusted 
relative  risks  estimated  from  each  of  the  three  models  were  used  to  investigate  the  change  in  the 
dependent  variable  over  time.  All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted 
for  the  percentage  of  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

The  longitudinal  analysis  for  the  platelet  count  in  its  continuous  form  examined  the  paired  difference 
between  the  measurements  from  1982  and  1997.  These  paired  differences  measured  the  change  in 
platelet  count  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis  was  adjusted  for  age 
and  platelet  count  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods).  A  square  root  transformation 
was  applied  to  platelet  count  for  analytic  purposes. 

15.2.3.1  Laboratory  Variable 

15.2.3. 1. 1  Platelet  Count  ( Continuous ) 

A  decrease  was  seen  in  both  Ranch  Hands  and  Comparison  means  between  the  baseline  examination  and 
the  1997  follow-up.  The  largest  portion  of  the  decrease  was  observed  between  1992  and  1997.  The 
change  in  platelet  count  means  between  1982  and  1997  was  examined  for  associations  with  group  status 
and  dioxin.  In  the  Model  1  analysis,  the  change  in  platelet  count  means  between  1982  and  1997  was 
significantly  different  between  Ranch  Hand  and  Comparison  officers  (Table  15-25(a):  p<0.001).  The 
difference  was  marginally  significant  in  Ranch  Hand  and  Comparison  enlisted  flyers  (Table  15-25(a): 
p=0.100).  For  both  occupations,  Ranch  Hands  have  decreased  more  than  Comparisons  over  the  15-year 
time  period.  The  difference  was  nonsignificant  when  Ranch  Hands  and  Comparisons  were  examined 
across  all  occupations.  No  significant  associations  were  observed  between  platelet  count  and  dioxin  in 
Model  2  (Table  15-25(b):  p=0.401).  In  the  Model  3  analysis,  there  was  a  marginally  significant 
difference  in  the  change  in  platelet  count  means  between  the  background  Ranch  Hand  dioxin  category 
and  Comparisons  (Table  15-25(c)).  The  decrease  in  means  between  1982  and  1997  was  greater  for  Ranch 
Hands  in  the  background  dioxin  category  (66.0  thousand/mm3)  than  for  Comparisons  (58.6 
thousand/mm3). 
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Table  15-25.  Longitudinal  Analysis  of  Platelet  Count  (thousand/mm3)  (Continuous) 


^NCilHANpSVS.COMPARISpNS 

Mean8/(n) 

fPt  1  Exam. 

Difference  of 

|  Occupational 

„  ''  -  Examination  ,  (  j 

Mean  •' 

Exain.  Mean  '  ;i 

Category 

Group  1982  1985  1987  1992 

1997  Change6 1 

Change 

p-Valuec 

All 

Ranch  Hand 

273.8 

267.8 

260.7 

250.7 

207.2 

-66.6 

-7.8 

0.203 

(807) 

(788) 

(779) 

(782) 

(807) 

Comparison 

261.7 

263.7 

255.3 

244.4 

202.9 

-58.8 

(966) 

(946) 

(937) 

(944) 

(966) 

Officer 

Ranch  Hand 

262.4 

258.3 

252.0 

239.3 

196.9 

-65.4 

-13.5 

<0.001 

(307) 

(302) 

(298) 

(299) 

(307) 

Comparison 

256.9 

262.5 

253.1 

243.3 

205.0 

-51.9 

(376) 

(370) 

(362) 

(370) 

(376) 

Enlisted 

Ranch  Hand 

281.8 

273.6 

265.7 

255.0 

213.3 

-68.5 

-4.1 

0.100 

Flyer 

(147) 

(144) 

(142) 

(144) 

(147) 

Comparison 

258.2 

253.4 

242.6 

235.1 

193.7 

-64.4 

(143) 

(142) 

(141) 

(140) 

(143) 

Enlisted 

Ranch  Hand 

280.5 

273.8 

266.3 

259.2 

213.7 

-66.7 

-4.0 

0.462 

Groundcrew 

(353) 

(342) 

(339) 

(339) 

(353) 

Comparison 

266.9 

268.3 

261.3 

248.4 

204.2 

-62.7 

(447) 

(434) 

(434) 

(434) 

(447) 

a  Transformed  from  square  root  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  square  root  of  platelet  count;  results  adjusted  for  square  root  of  platelet  count  in 
1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  15-25.  Longitudinal  Analysis  of  Platelet  Count  (thousand/mm3)  ( Continuous ) 
(Continued) 


(b)  MODEL  2:  RANCH  HANDS 

-  INITIAL  JDIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

|  Analysis  Results  for  Log^  (Initial  Dic>xin)b  |0| 

1982 

Meana/(n) 

1997 

Adjusted  Slope 
(Std.  Error)  J  || § 

111 p-Vahie 

Low 

266.5 

265.1 

257.6 

247.0 

204.0 

0.039  (0.046) 

0.401 

(152) 

(148) 

(150) 

(147) 

(152) 

Medium 

277.4 

268.2 

262.8 

252.9 

208.0 

(159) 

(156) 

(155) 

(155) 

(159) 

High 

284.9 

274.8 

268.5 

259.6 

217.6 

(147) 

(144) 

(142) 

(144) 

(147) 

a  Transformed  from  square  root  scale. 

b  Results  based  on  difference  between  square  root  of  1997  platelet  count  and  square  root  of  1982  platelet  count 
versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin, 
square  root  of  1982  platelet  count,  and  age  in  1997. 

Notes:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  15-25.  Longitudinal  Analysis  of  Platelet  Count  (thousand/mm3)  (Continuous) 
(Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin 

1982 

1985  1987  1992 

1997 

Meiiir  ; 
Change^,  IJfjjj 

Difference  of 
Exam.  Mean 
Change  }§]•§ 

p-Valuec 

Comparison 

261.9 

264.0 

255.7 

245.0 

203.3 

-58.6 

(938) 

(921) 

(911) 

(917) 

(938) 

Background 

270.3 

265.2 

257.5 

247.4 

204.3 

-66.0 

-7.4 

0.071 

RH 

(343) 

(335) 

(327) 

(331) 

(343) 

Low  RH 

268.0 

264.0 

258.9 

247.3 

204.0 

-64.0 

-5.4 

0.544 

(228) 

(221) 

(223) 

(220) 

(228) 

High  RH 

284.3 

274.5 

266.8 

258.7 

215.5 

-68.8 

-10.2 

0.965 

(230) 

(227) 

(224) 

(226) 

(230) 

Low  plus 

276.1 

269.3 

262.8 

253.1 

209.7 

-66.4 

-7.8 

0.676 

High  RH 

(458) 

(448) 

(447) 

(446) 

(458) 

a  Transformed  from  square  root  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  square  root  of  1997  platelet  count;  results  adjusted  for  percent  body  fat  at  the  date 
of  the  blood  measurement  of  dioxin,  square  root  of  1982  platelet  count,  and  age  in  1997. 

Notes:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


15. 23.1.2  Platelet  Count  ( Discrete ) 

The  longitudinal  analysis  of  1997  platelet  count  in  its  discrete  form  was  conditioned  on  participants  who 
had  a  normal  platelet  count  in  1982.  In  the  Model  1  analyses,  no  significant  difference  was  observed  in 
the  percentage  of  abnormally  low  platelet  counts  between  Ranch  Hands  and  Comparisons  when  all 
occupations  were  combined  (Table  15-26(al):  p=0.681).  Ranch  Hand  officers  had  a  significantly  higher 
percentage  of  abnormal  low  measurements  than  did  Comparison  officers  (Table  15-26(al):  Adj. 
RR=2.71,  p=0.046),  and  Ranch  Hands  enlisted  flyers  had  a  significantly  smaller  percentage  of  abnormal 
low  measurements  than  did  Comparison  officers  (Table  15-26(al):  Adj.  RR=0.09,  p=0.023).  No 
significant  differences  were  observed  between  Ranch  Hands  and  Comparisons  in  the  percentage  of 
abnormally  high  measurements,  although  the  sparse  number  of  abnormally  high  measurements  in  1997 
precluded  meaningful  statistical  analysis  by  occupation. 
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Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and  Abnormal 
High  vs.  Normal) 


comparisons 


Group 

1982 

JJIgig  Number  (%)  Abnormal  Low/(n) 
Examination 

1985  1987  1992 

1997 

All 

Ranch  Hand 

2  (0.3) 

1  (0.1) 

0  (0.0) 

3  (0.4) 

21  (2.6) 

807 

788 

779 

782 

807 

Comparison 

7(0.7) 

2  (0.2) 

3  (0.3) 

6(0.6) 

30(3.1) 

966 

946 

937 

944 

966 

Officer 

Ranch  Hand 

1  (0.3) 

1  (03) 

0  (0.0) 

2  (0.7) 

14  (4.6) 

307 

302 

298 

299 

307 

Comparison 

3  (0.8) 

0  (0.0) 

0  (0.0) 

3  (0.8) 

7(1.9) 

376 

370 

362 

370 

376 

Enlisted  Flyer 

Ranch  Hand 

0  (0.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

1  (0.7) 

147 

144 

142 

144 

147 

Comparison 

0  (0.0) 

1  (0.7) 

2(1.4) 

1  (0.7) 

10  (7.0) 

143 

142 

141 

140 

143 

Enlisted  Groundcrew 

Ranch  Hand 

1  (0.3) 

0  (0.0) 

0  (0.0) 

1  (0.3) 

6(1.7) 

353 

342 

339 

339 

353 

Comparison 

4  (0.9) 

1  (0.2) 

1  (0.2) 

2  (0.5) 

13  (2.9) 

447 

434 

434 

434 

447 

a  Relative  risk,  confidence  interval,  and  p- values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7,  Statistical  Methods). 


Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and 
Abnormal  High  vs.  Normal)  (Continued) 


(a2)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Number  (%)  Abnormal  High/(n)  ||||f| 
Examination 

Category 

Group 

1982 

1985 

1987 

||  1992  i|H 

IHIBi  : 

All 

Ranch  Hand 

6(0.7) 

807 

12(1.5) 

788 

16(2.1) 

779 

9(1.2) 

782 

4(0.5) 

807 

Comparison 

9  (0.9) 

966 

13(1.4) 

946 

13(1.4) 

937 

8  (0.9) 

944 

4  (0.4) 
966 

Officer 

Ranch  Hand 

1  (0.3) 

307 

3(1.0) 

302 

4  (1.3) 

298 

0  (0.0) 

299 

1  (0.3) 
307 

Comparison 

1  (0.3) 

376 

3  (0.8) 
370 

5(1.4) 

362 

3  (0.8) 

370 

3  (0.8) 
376 

Enlisted  Flyer 

Ranch  Hand 

1  (0.7) 

147 

3  (2.1) 
144 

4  (2.8) 

142 

1  (0.7) 

144 

1  (0.7) 
147 

Comparison 

2(1.4) 

143 

3  (2.1) 
142 

1  (0.7) 

141 

2(1.4) 

140 

1  (0.7) 
143 

Enlisted  Groundcrew 

Ranch  Hand 

4(1.1) 

353 

6(1.8) 

342 

8  (2.4) 

339 

8  (2.4) 

339 

2  (0.6) 
353 

Comparison 

6(1.3) 

7  (1.6) 

7(1.6) 

3  (0.7) 

0  (0.0) 

447 

434 

434 

434 

447 

Normal  in  1982 

{  Adj.  Relative  Risk  % 

iiiiiiiiiiiisii 

Grpjiji  ,^4 ■  % 

Number  (%) 
Abnormal  High 
in  1997 

All 

Ranch  Hand 

799 

3  (0.  4) 

1.81  (0.30,10.89) 

0.516 

Comparison 

950 

2  (0.2) 

Officer 

Ranch  Hand 

305 

1  (0.3) 

_ 

0.999b 

Comparison 

372 

2(0.5) 

Enlisted  Flyer 

Ranch  Hand 

146 

1  (0.7) 

— 

0.999b 

Comparison 

141 

0  (0.0) 

Enlisted 

Ranch  Hand 

348 

1  (0.3) 

— 

0.912b 

Groundcrew 

Comparison 

437 

0  (0.0) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 

b  P-value  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count;  results 
not  adjusted  for  age  in  1997. 

Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and 
Abnormal  High  vs.  Normal)  (Continued) 


(bl)  MODEL  2: 

—  INITIAL  DIOXIN 

Initial  Dioxin 

'o'  ?!  Number  (%)  Abnormal  Low/(n)  ;tf 

Examination 

1982 

1985 

1987 

Ill 

Low 

1  (0.7) 

0  (0.0) 

0  (0.0) 

1(0.7) 

3  (2.0) 

152 

148 

150 

147 

152 

Medium 

0  (0.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

4  (2.5) 

159 

156 

155 

155 

159 

High 

0  (0.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

1  (0.7) 

147 

144 

142 

144 

147 

fj  ^  :C^tegQry  ;Sii  mmary  S  tatls  tics  S  ■  l  UNIS 

;  4  Analysis  Results  for  Log2  (Initial  Dioxin)4 

Normal  in  1982 

Initial 

’  i ga®  .|;§f litNt ¥ 

!';)■  Number  (%)  Abnormal  ■; 

1 If  Adj.  Relative  Risk  ||  ||. 

mmmmfe 

.(9$%  CJ.)b 

IltilBMIilllii! 

Low 

150 

0.83  (0.43,1.61) 

0.586 

Medium 

158 

High 

146 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Notes:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
Statistical  analyses  are  based  only  on  participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(1)2)  MODEL  2:  RANCH  HANDS  — 

IilipiliW 

«|«|| 

illliilllllis 

Number  (%)  Abnormal  High/(n) 

r;|  Initial  Dioxin  .  \|| 

jSjllPIflllig 

ISlitMl* 

lil8SiWil!ISl 

m2  s 

Low 

1  (0.7) 

1  (0.7) 

3  (2.0) 

1  (0.7) 

0  (0.0) 

152 

148 

150 

147 

152 

Medium 

1  (0.6) 

2  (1.3) 

4  (2.6) 

3  (1.9) 

1  (0.6) 

159 

156 

155 

155 

159 

High 

1  (0.7) 

3  (2.1) 

3  (2.1) 

4  (2.8) 

1  (0.7) 

147 

144 

142 

144 

147 
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Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and 
Abnormal  High  vs.  Normal)  (Continued) 


M  S  i  Initial  Dioxin  Category  Summary  Statistics  ,  |  ?h 

Analysis  Results  for  Log2  (Initial  Dioxin)2 

Adj.  Relative  Risk 

(95%  C.I.I1,  p- Value 

i  Initial  1  5y|  |  ft  in  1997  1  1  Number  (%)  Abnormal 

Dioxin  High  in  1997 

Low  150  0(0.0) 

Medium  158  1  (0.6) 

High  146  0  (0.0) 

1.28  (0.32,5.19)  0.726 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Notes:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
Statistical  analyses  are  based  only  on  participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(cl)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Examination 

-l«,  «'  <  <A'  ■  .«■  J 

rl 

p  ^Djo^in  Category  |  ;T  \ 

1992 

1*11*11811*1 

Comparison 

6  (0.6) 

1  (0.1) 

2(0.2) 

4  (0.4) 

28  (3.0) 

938 

921 

911 

917 

938 

Background  RH 

1  (0.3) 

1  (0.3) 

0  (0.0) 

2  (0.6) 

12  (3.5) 

343 

335 

327 

331 

343 

Low  RH 

1  (0.4) 

0  (0.0) 

0  (0.0) 

1  (0.5) 

6  (2.6) 

228 

221 

223 

220 

228 

High  RH 

0  (0.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

2  (0.9) 

230 

227 

224 

226 

230 

Low  plus  High  RH 

1  (0.2) 

0  (0.0) 

0  (0.0) 

1  (0.2) 

8  (1.8) 

458 

448 

447 

446 

458 
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Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and 
Abnormal  High  vs.  Normal)  (Continued) 


Normal  in  1982 


n  in  1997 

Number  (%) 
f$Sf;  Abnormal : . ! 

Adj,  Relative  Risk 
(95%C;L)ab 

p-Value 

Comparison 

923 

26  (2.8) 

Background  RH 

339 

12(3.5) 

1.33  (0.66,2.69) 

Low  RH 

226 

5  (2.2) 

0.70  (0.26,1.85) 

ilEso 

High  RH 

228 

2  (0.9) 

0.32  (0.07,1.36) 

Low  plus  High  RH 

454 

7  (1.5) 

0.47  (0.19,1.18) 

warn 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Notes:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
Statistical  analyses  are  based  only  on  participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c2)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  (%)  Abnormal  High/(n) 


1 1|  Dioxin  pategory  I 

1982 

:  1985 

1987 

iBilBiilllil 

Comparison 

9(1.0) 

13  (1.4) 

13  (L4) 

8  (0.9) 

4  (0.4) 

938 

921 

911 

917 

938 

Background  RH 

3  (0.9) 

5(1.5) 

6(1.8) 

1  (0.3) 

2  (0.6) 

343 

335 

327 

331 

343 

Low  RH 

1  (0.4) 

2  (0.9) 

4(1.8) 

2  (0.9) 

0  (0.0) 

228 

221 

223 

220 

228 

High  RH 

2  (0.9) 

4(1.8) 

6(2.7) 

6  (2.7) 

2  (0.9) 

230 

227 

224 

226 

230 

Low  plus  High  RH 

3  (0.7) 

6(1.3) 

10(2.2) 

8  (1.8) 

2  (0.4) 

458 

448 

447 

446 

458 
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Table  15-26.  Longitudinal  Analysis  of  Platelet  Count  (Abnormal  Low  vs.  Normal  and 
Abnormal  High  vs.  Normal)  (Continued) 


Normal  in  1982 

Adj.  Relative  Risk 
(95%  C.L)ab  . 

p-Valueb 

n  in  1997 

i '  f  Number  (%) 
Abnormal  High 
in  1997 

Comparison 

923 

2  (0.2) 

Background  RH 

339 

2  (0.6) 

2.17(0.30,15.65) 

0.442 

Low  RH 

226 

— 

0.999° 

High  RH 

228 

1  (0.4) 

3.79  (0.32,45.31) 

0.293 

Low  plus  High  RH 

454 

1  (0.2) 

- 

0.999c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
c  P-value  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count;  results 
not  adjusted  for  age  in  1997. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  an  abnormal  high  platelet  count. 

Notes:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are 
provided  for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
Statistical  analyses  are  based  only  on  participants  who  had  a  normal  platelet  count  in  1982  (see  Chapter  7, 
Statistical  Methods). 


Model  2  analyses  did  not  show  a  significant  association  of  initial  dioxin  with  either  abnormally  low  or 
abnormally  high  platelet  counts  (Table  15-26(bl)  and  (b2):  p>0.58  for  each  analysis).  The  Model  3 
analyses  of  categorized  dioxin  also  did  not  show  any  significant  associations  with  abnormal  platelet  count 
levels  (Table  15-26(cl)  and  (c2):  p>0.10  for  all  analyses). 


15.3  DISCUSSION 

As  indices  of  the  three  peripheral  blood  lines — RBCs,  WBCs,  and  platelets — the  hematologic  variables 
analyzed  are  widely  used  in  clinical  medicine  and  are  relied  upon  heavily  to  reflect  disease  not  only  of  the 
hematopoietic  system,  but  in  other  organ  systems  as  well.  Although  lacking  specificity,  abnormalities  in 
the  hemoglobin,  hematocrit,  and  total  WBC  count  often  serve  as  a  sensitive  first  alert  to  the  presence  of  a 
host  of  infection,  inflammatory,  and  neoplastic  disease  states  across  multiple  organ  systems  and  point  to 
the  need  for  further  investigation. 

As  elements  essential  to  normal  coagulation,  the  platelets  have  a  short  half-life  and  are  most  subject  to 
decreased  survival  in  a  wide  range  of  diseases,  toxic  chemical  exposures,  and  in  the  presence  of  numerous 
over-the-counter  and  prescription  medications.  The  broad  range  of  normal  for  the  platelet  count  (130 
thousand/mm3  to  400  thousand/mm3)  is  such  that  subtle  changes  in  platelet  survival  can  occur  and  not  be 
identified  as  abnormal.  Only  extreme  variations  in  the  platelet  count — less  than  50  thousand/mm3  and 
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greater  than  800  thousand/mm3 — are  associated  with  the  classic  complications  of  spontaneous  bleeding  or 
blood  clot  formation. 

Similar  to  the  1987  and  1992  examinations,  most  of  the  significant  results  were  limited  to  the  platelet  and 
WBC  analyses.  Ranch  Hand  enlisted  flyers  and  groundcrew  had  higher  mean  platelet  counts  than 
Comparisons,  but  the  differences  in  the  means  (14.9  thousand/mm3  and  9.3  thousand/mm3,  respectively) 
cannot  be  considered  biologically  meaningful. 

Few  of  the  serum  dioxin  analyses  yielded  significant  results.  In  a  pattern  consistent  with  a  dose-response 
effect,  a  positive  association  was  noted  between  the  mean  platelet  count  and  initial  dioxin  levels  in  the 
low,  medium,  and  high  categories.  When  adjusted  for  covariates,  the  associations  were  no  longer 
significant.  Similarly,  in  the  model  using  1987  dioxin  levels,  Ranch  Hands  with  the  highest  levels  of 
serum  dioxin  had  significantly  higher  mean  platelet  counts  than  did  Comparisons,  but  after  adjustment  for 
covariates,  the  association  was  not  significant.  Once  again,  the  difference  in  the  means  was  relatively 
small  (never  more  than  14  thousand/mm3).  In  the  discrete  analyses,  which  can  be  considered  more 
relevant  clinically,  no  significant  group  or  occupational  differences  were  noted,  nor  was  there  any 
evidence  for  a  dioxin  effect. 

In  the  1987  examinations,  the  mean  WBC  and  platelet  counts  and  the  erythrocyte  sedimentation  rates 
were  higher  in  Ranch  Hands  than  Comparisons,  raising  the  possibility  of  a  subclinical  inflammatory 
response  associated  with  prior  dioxin  exposure.  In  the  current  study  as  in  1992,  no  significant  group 
differences  were  noted  in  any  of  these  indices.  The  unadjusted  analyses  of  the  WBC  and  platelet 
variables  and,  as  noted  in  Chapter  9,  of  erythrocyte  sedimentation  rate,  have  yielded  results  consistent 
with  a  subtle  dose-response  effect  in  relation  to  both  initial  and  1987  dioxin  levels.  After  adjustment  for 
covariates,  none  of  the  findings  remained  significant. 

Dependent  variable-covariate  associations  confirmed  numerous  observations  that  have  been  well- 
established  in  clinical  practice.  In  cigarette  smokers,  cellular  hypoxia  related  to  carboxyhemoglobin 
formation  and  systemic  arterial  desaturation  in  obstructive  airway  disease  combine  to  raise  the 
hemoglobin  and  hematocrit  in  comparison  to  nonsmokers.  The  increased  incidence  of  chronic  bronchitis 
in  smokers  is  often  associated  with  an  elevation  in  the  total  WBC  count.  Of  participants  smoking  at  least 
one  pack  per  day,  16.1  percent  had  abnormally  elevated  WBC  counts,  versus  a  prevalence  of  1.4  percent 
in  nonsmokers  (p=0.001).  Older  participants  were  found  to  have  statistically  significant  reductions  in  the 
total  RBC,  hemoglobin,  and  hematocrit  associations  that  may  reflect  the  increased  incidence  of  chronic 
disease  associated  with  age. 

Race-related  associations  were  noted.  When  compared  to  non-Black  participants,  Black  participants  had 
statistically  significant  reductions  in  the  RBC  indices,  findings  that  may  relate  to  the  increased  incidence 
of  glucose-6-phosphate  dehydrogenase  (G-6-PD)  deficiency  and  of  hemoglobin  variants  (S  and  C) 
associated  with  heterozygous  sickling  disorders.  Blacks  were  found  to  have  a  greater  prevalence  of 
abnormally  low  RBC  counts  than  non-Blacks  (7.8%  vs.  4.6%),  although  the  difference  in  the  means  (4.99 
thousand/mm3  vs.  4.95  thousand/mm3)  is  not  statistically  significant  and  is  not  likely  clinically 
meaningful. 

The  longitudinal  analyses  documented  a  reduction  in  the  total  platelet  count  in  each  group  and  across  all 
occupational  strata.  As  documented  in  the  1987  follow-up  report.  Ranch  Hands  continue  to  have  a  greater 
reduction  in  the  total  platelet  count  over  time  than  do  Comparisons,  although  the  current  means  (207.2 
thousand/mm3  vs.  202.9  thousand/mm3)  are  nearly  equal. 
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In  conclusion,  analyses  of  13  hematologic  variables  yielded  no  significant  group  differences  between  the 
Ranch  Hand  and  Comparison  cohorts,  and  these  results  are  consistent  with  the  1992  follow-up 
examination.  In  those  participants  most  heavily  exposed,  the  slight  increase  in  the  platelet  count 
referenced  above  may  still  reflect  a  subtle  biologic  effect  of  dioxin  exposure.  Apart  from  platelet  count, 
there  appears  to  be  little  evidence  to  support  a  relation  between  dioxin  exposure  and  adverse  effects  to  the 
hematopoietic  system. 


15.4  SUMMARY 

The  hematology  assessment  included  analyses  of  13  variables  each  from  the  laboratory  examination.  For 
each  variable,  associations  with  group  (Model  1),  initial  dioxin  (Model  2),  categorized  dioxin  (Model  3), 
and  1987  dioxin  (Model  4)  were  assessed.  Continuous  and  discrete  analyses  were  performed  for  each  cell 
count  variable  as  well  as  for  prothrombin  time.  RBC  morphology,  as  well  as  blood  count  variables,  was 
also  analyzed.  In  addition,  due  to  the  large  number  of  nonzero  measurements  for  absolute  neutrophils 
(bands),  absolute  eosinophils,  and  absolute  basophils,  investigations  on  these  variables  consisted  of  two 
analyses.  First,  a  discrete  analysis  was  performed  on  the  proportion  of  zero  measurements,  and  second,  a 
continuous  analysis  was  performed  on  the  nonzero  measurements. 

15.4.1  Model  1:  Group  Analysis 

As  shown  in  Table  15-27,  in  both  the  unadjusted  and  adjusted  analyses  of  the  cell  count  variables,  only 
the  analyses  of  platelet  count  revealed  significant  group  differences.  In  the  continuous  analysis,  group 
differences  were  significant  for  each  occupation  but  not  significant  when  examined  across  all 
occupations.  The  platelet  count  mean  was  higher  for  Comparison  officers  and  higher  for  Ranch  Hands  in 
both  enlisted  flyers  and  enlisted  groundcrew.  In  the  discrete  analysis  of  platelet  count,  unadjusted  and 
adjusted  results  also  revealed  consistent  results.  Significant  group  differences  in  the  percentage  of 
abnormally  low  platelet  counts  were  found  within  the  officer  and  enlisted  flyer  strata.  For  officers,  more 
Ranch  Hands  than  Comparisons  exhibited  an  abnormally  low  platelet  count.  Conversely,  for  enlisted 
flyers,  more  Comparisons  than  Ranch  Hands  had  an  abnormally  low  platelet  count. 


Table  15-27.  Summary  of  Group  Analysis  (Model  1)  for  Hematology  Variables  (Ranch  Hands  vs. 
Comparisons) 


ijlHq  UNADJUSTED 

J  1  t$r W.  1  III  iliii  Variable  t 

|  |  .jEnlfeted-'-'j 

Si™®!* HBpr? 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

ns 

ns 

ns 

NS 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

NS 

ns 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

ns 

NS 

NS 

Hemoglobin  (C) 

NS 

ns 

ns 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

NS 

NS 

ns 
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Table  15-27.  Summary  of  Group  Analysis  (Model  1)  for  Hematology  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED 


Variable 

ISlltBr 

Officer 

Enlisted 

Flyer 

Enlisted 

Groundcrew 

Hematocrit  (C) 

ns 

ns 

ns 

NS 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

ns 

Platelet  Count  (C) 

NS 

-0.012 

+0.005 

+0.004 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

+0.021 

-0.032 

ns 

Abnormal  High  vs.  Normal 

NS 

ns 

NS 

NS 

Prothrombin  Time  (C) 

ns 

NS 

ns 

ns 

Prothrombin  Time  (D) 

NS 

NS 

ns 

NS 

RBC  Morphology  (D) 

NS 

NS 

NS 

NS 

Absolute  Neutrophils  (Segs)  (C) 

NS 

ns 

ns 

NS 

Absolute  Neutrophils  (Bands)  (Nonzero 

NS 

NS 

ns 

NS* 

Measurements)  (C) 

Absolute  Neutrophils  (Bands)  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

+0.029 

ns 

Absolute  Lymphocytes  (C) 

NS 

NS 

ns 

NS 

Absolute  Monocytes  (C) 

ns 

ns 

ns 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

NS 

ns 

ns 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

ns 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

ns 

ns 

ns 

ns 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

NS* 

Note:  NS*:  Marginally  significant  (0.05<p<0. 10). 

NS  or  ns:  Not  significant  (p>0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 

-:  Relative  riskcl.OO  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  15-27.  Summary  of  Group  Analysis  (Model  1)  for  Hematology  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


Variable 

All 

ADJUSTED 

Enlisted 

Officer  Flyer  If 

Enlisted 

Grpundcrew  i 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

ns 

ns 

ns 

NS 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

NS 

ns 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

ns 

Hemoglobin  (C) 

ns 

ns 

ns 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

NS 

— 

— 

Hematocrit  (C) 

ns 

ns 

ns 

NS 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

— 

— 

__ 

Platelet  Count  (C) 

NS 

-0.014 

+0.003 

+0.011 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

+0.022 

-0.029 

ns 

Abnormal  High  vs.  Normal 

NS 

ns 

NS 

NS 

Prothrombin  Time  (C) 

ns 

NS 

ns 

ns 

Prothrombin  Time  (D) 

NS 

NS 

— 

NS 

RBC  Morphology  (D) 

NS 

NS 

NS 

NS 

Absolute  Neutrophils  (Segs)  (C) 

NS 

ns 

ns 

NS 

Absolute  Neutrophils  (Bands)  (Nonzero  Measurements)  (C) 

NS 

NS 

ns 

NS* 

Absolute  Neutrophils  (Bands)  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

+0.026 

ns 

Absolute  Lymphocytes  (C) 

NS 

NS 

ns 

ns 

Absolute  Monocytes  (C) 

ns 

ns 

ns 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

NS 

ns 

ns 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

ns 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

ns 

ns 

ns 

ns 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

NS* 

Note:  NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

NS  or  ns:  Not  significant  (p>0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
-:  Relative  riskcl.OO  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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The  unadjusted  and  adjusted  results  from  the  analyses  of  the  blood  count  variables  also  were  similar.  The 
continuous  analyses  of  absolute  neutrophils  (bands)  revealed  a  marginally  significant  higher  mean  for 
Ranch  Hands  within  the  enlisted  groundcrew  stratum.  A  greater  percentage  of  zero  measurements  were 
found  among  Ranch  Hand  enlisted  flyers  than  among  Comparison  enlisted  flyers.  For  the  analysis  of 
absolute  basophils,  the  difference  in  the  proportions  of  zero  measurements  was  marginally  significant  and 
higher  for  Ranch  Hands  than  for  Comparisons  within  the  enlisted  groundcrew  stratum. 

15.4.2  Model  2:  Initial  Dioxin  Analysis 

Unadjusted  analyses  of  the  cell  count  variables  revealed  several  significant  associations  with  initial 
dioxin,  as  shown  in  Table  15-28.  The  continuous  analyses  of  WBC  count,  hemoglobin,  hematocrit,  and 
platelet  count  each  showed  a  significant,  positive  relation  with  initial  dioxin.  After  adjustment  for 
covariate  information,  each  association  was  nonsignificant.  Other  significant  results  include  the  discrete 
unadjusted  and  adjusted  analyses  of  WBC  count,  revealing  a  decrease  in  the  proportion  of  abnormally  low 
WBC  counts  as  initial  dioxin  increased. 


Table  15-28.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Hematology  Variables  (Ranch 
Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

NS 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

+0.035 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

-0.012 

-0.043 

Abnormal  High  vs.  Normal 

ns 

ns 

Hemoglobin  (C) 

+0.023 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

ns* 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

Hematocrit  (C) 

+0.021 

NS 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

ns 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

Platelet  Count  (C) 

+0.012 

NS 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

ns 

Prothrombin  Time  (C) 

ns 

NS 

Prothrombin  Time  (D) 

ns 

ns 

RBC  Morphology 

ns 

NS 

Absolute  Neutrophils  (Segs)  (C) 

NS 

NS 

Absolute  Neutrophils  (Bands)  (Nonzero  Measurements)  (C) 

ns 

-0.040 

Absolute  Neutrophils  (Bands)  (Zero  vs.  Nonzero)  (D) 

ns 

ns 
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Table  15-28.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Hematology  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

||  |  Unadjusted 

1  mill  {;§  Adjusted  :-lf  iff: 

Absolute  Lymphocytes  (C) 

NS* 

NS* 

Absolute  Monocytes  (C) 

NS 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

NS 

NS 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

NS 

ns 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

-0.015 

-0.012 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis. 

Relative  riskcl.00;  slope  negative  for  continuous  analysis. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


Among  the  blood  count  variables,  the  result  from  the  unadjusted  analysis  of  absolute  neutrophils  (bands) 
was  nonsignificant.  After  adjustment  for  covariates,  a  significant  negative  association  was  revealed, 
where  neutrophils  decreased  as  initial  dioxin  increased.  A  marginally  significant  and  positive  association 
between  initial  dioxin  and  absolute  lymphocyte  count  was  found  in  both  the  unadjusted  and  adjusted 
analyses.  In  addition,  a  significant  negative  association  between  initial  dioxin  and  the  proportion  of  zero 
measurements  was  revealed  in  both  the  unadjusted  and  adjusted  analyses  of  absolute  basophils. 

15.4.3  Model  3:  Categorized  Dioxin  Analysis 

Several  contrasts  that  were  marginally  significant  or  significant  in  the  unadjusted  categorized  dioxin 
analyses  of  the  cell  count  variables  and  RBC  morphology  became  nonsignificant  or  marginally  significant 
in  the  adjusted  analyses.  A  summary  of  the  results  of  the  categorized  dioxin  analysis  is  provided  in  Table 
15-29.  The  contrast  of  Ranch  Hands  in  the  low  dioxin  category  with  Comparisons  for  RBC  count  was 
marginally  significant  without  adjustment  for  covariates  but  nonsignificant  after  adjustment.  When 
Ranch  Hands  in  the  high  dioxin  category  were  contrasted  with  Comparisons  in  the  unadjusted,  continuous 
analysis  of  WBC  count,  a  significant  difference  was  revealed.  In  the  adjusted  analysis  the  result  was 
nonsignificant.  The  unadjusted  contrast  of  Ranch  Hands  in  the  low  dioxin  category,  with  Comparisons  in 
the  discrete  analysis  of  WBC  count  resulted  in  a  significant  difference,  although  the  difference  was 
marginally  significant  in  the  adjusted  analysis.  Continuous  hemoglobin  analysis  revealed  a  marginally 
significant  difference  between  Ranch  Hands  in  the  high  category  and  Comparisons.  In  addition,  analysis 
of  RBC  morphology  revealed  a  marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin 
category  and  Comparisons.  After  adjustment  for  co variates  for  both  hemoglobin  and  RBC  morphology, 
the  results  were  nonsignificant.  Except  for  the  low  Ranch  Hand  contrast  for  RBC  count,  each  of  the 
aforementioned  contrasts  displayed  either  a  greater  percentage  of  Ranch  Hands  with  an  abnormality  or 
Ranch  Hands  with  a  higher  cell  count  mean. 
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Table  15-29.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Hematology  Variables  (Ranch 
Hands  vs.  Comparisons) 

UNADJUSTED 

j§i  Background  #1 

Low 

High 

Low  plus  High 

Ranch  Hands 

Ranch  Hands 

>  Ranch  Hands  . 

Ranch  Hands 

''•V^|Comjparis(|b^'',c' 

vs.  Comparisons 

vs.  Comparisons 

vs.  Comparisons 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

ns 

ns* 

NS 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

ns 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

ns 

ns 

+0.029 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

+0.027 

ns 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

NS 

Hemoglobin  (C) 

ns 

ns 

NS* 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

ns 

ns 

ns 

Hematocrit  (C) 

ns 

ns 

NS 

NS 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

ns 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

ns 

Platelet  Count  (C) 

ns 

ns 

+<0.001 

+0.017 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

ns* 

ns* 

Abnormal  High  vs.  Normal 

NS 

ns 

NS 

ns 

Prothrombin  Time  (C) 

NS 

ns 

ns 

ns 

Prothrombin  Time  (D) 

NS 

NS 

ns 

ns 

RBC  Morphology 

NS 

NS* 

NS 

NS 

Absolute  Neutrophils  (Segs)  (C) 

ns 

ns 

+0.028 

NS 

Absolute  Neutrophils  (Bands) 

NS 

NS* 

NS 

+0.029 

(Nonzero  Measurements)  (C) 

Absolute  Neutrophils  (Bands)  (Zero 

ns 

NS 

ns 

ns 

vs.  Nonzero)  (D) 

Absolute  Lymphocytes  (C) 

NS 

ns 

NS 

ns 

Absolute  Monocytes  (C) 

ns 

ns 

NS 

NS 

Absolute  Eosinophils  (Nonzero 

NS 

ns 

ns 

ns 

Measurements)  (C) 

Absolute  Eosinophils  (Zero  vs. 

ns 

NS 

ns 

NS 

Nonzero)  (D) 

Absolute  Basophils  (Nonzero 

ns 

ns 

NS 

ns 

Measurements)  (C) 

Absolute  Basophils  (Zero  vs. 

NS 

+0.025 

NS 

NS* 

Nonzero)  (D) 
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Table  15-29.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Hematology 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


ADJUSTED 


|||  Ranch  Hands 

§!  : ; 

HillBPpiill# 

>!'Rahch;  Hands .  J || 
'5vs.  Comparisons 

lill  High  JftJ 
Ranch  Hands '  } 
;;.ys.  Comparisons 

Low  plus  High 
i  ;  Ranch  Hands 
| vs.  Comparisons 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

NS 

ns 

ns 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 
Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

ns 

NS 

ns 

White  Blood  Cell  (WBC)  Count  (D) 
Abnormal  Low  vs.  Normal 

NS 

NS* 

ns 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

NS 

ns 

Hemoglobin  (C) 

ns 

ns 

NS 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

— 

ns 

— 

Hematocrit  (C) 

ns 

ns 

NS 

ns 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

— 

— 

ns 

— 

Platelet  Count  (C) 

ns 

NS 

+0.002 

+0.038 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

ns* 

ns* 

Abnormal  High  vs.  Normal 

ns 

— 

NS 

— 

Prothrombin  Time  (C) 

NS 

ns 

ns 

ns 

Prothrombin  Time  (D) 

NS 

NS 

ns 

ns 

RBC  Morphology 

NS 

NS 

NS 

NS 

Absolute  Neutrophils  (Segs)  (C) 

NS 

ns 

NS 

NS 

Absolute  Neutrophils  (Bands) 

NS 

NS* 

NS 

+0.038 

(Nonzero  Measurements)  (C) 

Absolute  Neutrophils  (Bands)  (Zero 

NS 

NS 

ns 

ns 

vs.  Nonzero)  (D) 

Absolute  Lymphocytes  (C) 

NS 

ns 

ns 

ns 

Absolute  Monocytes  (C) 

ns 

ns 

NS 

NS 
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Table  15-29.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Hematology 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


Variable 

|j  !||  Background 
;0  1- 1,  RahcK  Jlaiids^-  | 
vs.  Comparisons 

Low 

*  Ranch  Hands  *  } 
vs.  Comparisons 

Ranch  Hands  |§ 
vs;  Comparisons 

Low  plus  High 
Ranch  Hands 
vs.  Comparisons 

Absolute  Eosinophils  (Nonzero 
Measurements)  (C) 

NS 

ns 

ns 

ns 

Absolute  Eosinophils  (Zero  vs. 
Nonzero)  (D) 

NS 

NS 

ns 

ns 

Absolute  Basophils  (Nonzero 
Measurements)  (C) 

ns 

ns 

ns 

ns 

Absolute  Basophils  (Zero  vs. 
Nonzero)  (D) 

NS 

+0.009 

NS 

NS* 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
Analysis  not  performed  because  of  the  sparse  number  of  participants  with  an  abnormality. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


Results  from  the  analyses  of  platelet  count,  both  in  the  continuous  and  discrete  forms,  were  consistent  in 
the  unadjusted  and  adjusted  analyses.  Significantly  higher  mean  platelet  counts  were  observed  for  Ranch 
Hands  in  the  high  and  in  the  low  and  high  dioxin  categories  combined  than  for  Comparisons.  The 
discrete  analysis  of  platelet  count  revealed  a  marginally  significant  lower  percentage  of  abnormally  low 
platelet  counts  for  Ranch  Hands  in  the  high  and  in  the  low  and  high  dioxin  categories  combined  than  for 
Comparisons. 

The  analysis  of  the  blood  count  variables  revealed  significant  results  for  absolute  neutrophils  (segs)  and 
absolute  neutrophils  (bands)  in  the  continuous  form  and  absolute  basophils  (zero  versus  nonzero 
measurements).  A  significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons  was  found  in  the  unadjusted  analysis  of  absolute  neutrophils  (segs).  The  result  was 
nonsignificant  in  the  adjusted  analysis.  In  both  the  unadjusted  and  adjusted  analyses  of  absolute 
neutrophils  (bands)  in  the  continuous  form,  a  marginally  significant  difference  of  means  was  found 
among  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons.  Also,  a  significant  absolute  neutrophil 
(bands)  mean  difference  was  found  among  Ranch  Hands  in  the  low  and  high  dioxin  categories  combined 
and  Comparisons  for  both  the  unadjusted  and  adjusted  analyses.  Results  were  consistent  in  the 
unadjusted  and  adjusted  analyses  of  absolute  basophils  (zero  versus  nonzero  measurements).  A 
significant  difference  in  the  proportion  of  zero  absolute  basophil  measurements  was  found  among  Ranch 
Hands  in  the  low  dioxin  category  and  Comparisons.  A  marginally  significant  difference  was  found  when 
contrasting  the  low  and  high  Ranch  Hand  dioxin  categories  with  Comparisons.  Both  results  indicate  that 
more  Ranch  Hands  than  Comparisons  had  a  zero  absolute  basophil  measurement. 
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15.4.4  Model  4:  1987  Dioxin 

In  the  unadjusted  analyses,  several  significant  and  marginally  significant  results  were  found.  The  results 
are  summarized  in  Table  15-30.  Except  for  the  analysis  of  the  discrete  form  of  WBC,  each  result  became 
nonsignificant  in  the  adjusted  analysis.  The  significant  association  between  continuous  WBC  count  and 
1987  dioxin  was  positive,  as  were  the  associations  with  continuous  platelet  count  and  absolute  neutrophils 
(segs).  Significant  negative  associations  between  1987  dioxin  and  the  percentage  of  abnormally  low 
counts  were  revealed  in  the  discrete  analyses  of  WBC  count,  hemoglobin,  and  platelet  count.  In  addition, 
a  marginally  significant  negative  association  was  found  for  the  percentage  of  abnormally  high 
hemoglobin  counts  and  1987  dioxin.  For  the  blood  count  measures,  a  marginally  significant  positive 
association  was  found  between  absolute  monocytes  and  1987  dioxin. 


Table  15-30.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Hematology  Variables  (Ranch 
Hands  Only) 


Variable 

Unadjusted  j  j||  1 1 1  ;|  |||  j  Adjusted {  jg|  jf| 

Laboratory 


Red  Blood  Cell  (RBC)  Count  (C) 

NS 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (C) 

+0.013 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

-0.020 

-0.032 

Abnormal  High  vs.  Normal 

ns 

ns 

Hemoglobin  (C) 

NS 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

-0.049 

ns 

Abnormal  High  vs.  Normal 

ns* 

ns 

Hematocrit  (C) 

NS 

NS 

Hematocrit  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

Platelet  Count  (C) 

+0.005 

NS 

Platelet  Count  (D) 

Abnormal  Low  vs.  Normal 

-0.028 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

Prothrombin  Time  (C) 

ns 

ns 

Prothrombin  Time  (D) 

ns 

ns 

RBC  Morphology 

NS 

NS 

Absolute  Neutrophils  (Segs)  (C) 

+0.017 

NS 

Absolute  Neutrophils  (Bands)  (Nonzero  Measurements)  (C) 

NS 

NS 

Absolute  Neutrophils  (Bands)  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

Absolute  Lymphocytes  (C) 

NS 

NS 

Absolute  Monocytes  (C) 

NS* 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

ns 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

NS 

ns 
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Table  15-30.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Hematology  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

Unadjusted  Adjusted 

Absolute  Basophils  (Nonzero  Measurements)  (C)  NS 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D)  ns 


Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Slope  nonnegative  for  continuous  analysis. 

-:  Relative  risk  <1.00  for  discrete  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


15.5  CONCLUSION 

Five  cell  count  measures,  six  measures  of  absolute  blood  counts,  a  coagulation  measure,  and  RBC 
morphology  were  analyzed  for  the  hematology  assessment.  In  the  analyses  of  these  variables,  only 
platelet  count  exhibited  significant  dose-response  associations  with  the  indices  of  dioxin  exposure.  Ranch 
Hands  enlisted  flyers  and  groundcrew  exhibited  slightly  but  significantly  higher  mean  platelet  counts  than 
did  Comparisons.  Ranch  Hands  in  the  high  dioxin  category  also  exhibited  a  significantly  higher  mean 
platelet  count  than  Comparisons  in  the  continuous  analysis.  The  results  in  the  1997  follow-up  study 
parallel  the  findings  of  the  1987  and  1992  follow-up  studies.  In  conclusion,  apart  from  platelet  count, 
there  appears  to  be  little  evidence  to  support  a  relation  between  prior  dioxin  exposure  and  hematopoietic 
toxicity. 
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16  ENDOCRINE  ASSESSMENT 


16.1  INTRODUCTION 

16.1.1  Background 

The  essential  role  of  membrane  and  intracellular  receptors  in  human  endocrine  function  has  been  firmly 
established  and  extensively  studied  (1).  In  animal  models,  much  of  the  basic  research  into  the  mechanism 
of  dioxin  endocrine  toxicity  has  focused  on  the  dioxin-binding  aryl  hydrocarbon  (Ah)  receptor,  which  has 
similarities  to  the  endocrine  receptors  that  mediate  function  of  the  thyroid,  adrenal,  and  gonadal  hormones 
(2-5). 


Animal  research  has  documented  that  the  thyroid  is  a  target  organ  for  dioxin  toxicity,  although  the 
mechanism  has  not  been  defined  clearly  (6-11).  In  other  studies,  dioxin-induced  changes  in  thyroid 
indices  (serum  thyroxine  [T4],  triiodothyronine  [T3],  and  thyroid  stimulating  hormone  [TSH])  were 
directionally  different  with  species  and  strain  specificity  (12,  13).  The  mechanism  by  which  dioxin 
interacts  with  or  regulates  thyroid  function  in  experimental  animals  remains  under  investigation.  In 
competing  for  thyroid  hormone  binding  sites  in  target  organs  (14)  or  by  accelerating  the  metabolism  of 
thyroid  hormones  by  hepatic  enzyme  induction  (15),  dioxin  administration  can  induce  a  mildly 
hypothyroid  state  associated  with  elevated  levels  of  TSH. 

How  these  experimental  studies  relate  to  the  effect  of  dioxin  on  human  thyroid  function  has  not  been 
established.  The  most  recently  published  morbidity  reports  on  the  workers  exposed  to  dioxin  during  a 
chemical  factory  explosion  in  Germany  in  1953  included  thyroid  disorders  in  the  analyses.  Across  all 
exposure  categories,  an  increased  incidence  of  thyroid  disease  was  found  in  workers  relative  to  referents 
(16).  Thyroid  disease  occurred  in  1 1  of  158  in  the  exposed  cohort  but  in  only  two  of  161  referents.  The 
heterogeneous  mix  of  thyroid  disorders — four  cases  of  thyrotoxicosis,  four  cases  of  goiter,  two  cases  of 
hypothyroidism,  and  one  other  unspecified  disorder — weighs  against  a  possible  relation  with  dioxin 
exposure.  In  the  analyses  of  laboratory  measurements  from  the  same  exposed  population,  the  authors 
found  positive  associations  between  each  of  the  exposure  indices  and  selected  tests  of  thyroid  function, 
T4,  and  thyroxine  binding  globulin  (17).  Unfortunately,  the  most  widely  used  measure  of  thyroid 
function — serum  TSH — was  not  included  in  the  analyses. 

The  finding  in  laboratory  animals  of  physicochemical  similarities  between  the  dioxin-binding  Ah  and 
glucocorticoid  receptors  (5,  18)  has  prompted  further  investigation  into  the  interaction  of  dioxin  with 
other  steroid  hormones.  A  review  by  Couture,  et  al.  (19)  provided  a  comprehensive  summary  of  the 
research  into  the  developmental  toxicity  and  teratogenicity  of  dioxin  in  experimental  animals. 

Experimental  studies  have  documented  numerous  adverse  male  reproductive  effects  in  laboratory  animals 
exposed  to  dioxin,  including  reduced  testicular  weight,  impaired  spermatogenesis,  decreased  testicular 
testosterone  secretion,  and  atrophy  of  the  androgen-sensitive  seminal  vesicles  and  epididymis  (20-24). 
Although  dioxin  administration  is  associated  with  diminished  testosterone  secretion  in  rats  (23,  25,  26), 
the  mechanism  is  unknown  and  may  involve  the  hypothalamic-pituitary  axis.  In  rats,  dioxin  inhibits  the 
secretion  of  luteinizing  hormone  (LH)  by  the  pituitary  gland,  an  effect  associated  with  androgen 
deficiency  (27,  28).  In  other  experiments,  dioxin  inhibited  the  response  of  the  pituitary  to  gonadotropin¬ 
releasing  hormone  secreted  by  the  hypothalamus  (29). 
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Additional  experiments  have  explored  the  effects  of  dioxin  on  the  pituitary  and  hypothalamus  (30,  31). 
The  use  of  microsurgical  techniques  in  female  rats  revealed  that  dioxin  toxicity  is  aggravated  by 
hypophysectomy,  with  a  sparing  effect  noted  upon  administering  either  corticosterone  or  thyroid  hormone 
(30).  Another  study  defined  a  biochemical  basis  for  the  effect  of  dioxin  on  prolactin  levels  controlled  by 
the  adenohypophysis  in  female  rats  (32).  Studies  on  the  effects  of  dioxin  on  the  pituitary-adrenal  axis 
have  documented  significant  suppression  of  corticosterone  production  by  the  adrenal  gland  (33)  and 
defined  a  biochemical  basis  for  the  apparent  reduction  in  bioactivity  of  adrenocorticotropic  hormone 
secreted  by  the  pituitary  (34). 

The  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  has  conducted  several  long-term 
epidemiological  studies  of  factory  workers  who  experienced  significant  occupational  exposure  to  dioxin 
in  chemical  production  plants  (35,  36).  In  their  most  recently  published  report  (37),  serum  levels  of  three 
endocrine  indices — testosterone,  LH,  and  follicle  stimulating  hormone  (FSH) — were  examined  in  relation 
to  current  and  calculated  initial  serum  dioxin  levels  in  248  participants.  Current  serum  dioxin  levels  were 
positively  and  significantly  related  to  both  LH  and  FSH  and  inversely  related  to  testosterone.  In  contrast 
to  the  NIOSH  results,  a  recent  report  of  the  Air  Force  Health  Study  (AFHS)  population  found  no  relation 
between  the  body  burden  of  dioxin  and  reproductive  or  endocrine  indices,  including  serum  testosterone, 
FSH,  LH,  sperm  counts  and  morphology,  and  anatomic  abnormalities  of  the  testes  (38). 

The  possibility  that  dioxin  might  affect  glucose  metabolism  in  humans  was  first  raised  in  1981  with  the 
publication  of  an  occupational  study  that  reported  an  unusually  high  prevalence  of  abnormal  glucose 
tolerance  tests  (40%)  and  a  20-percent  incidence  of  diabetes  in  chemical  production  workers  exposed  to 
dioxin  (39).  The  results  of  analyses  pertinent  to  glucose  metabolism  based  on  serum  dioxin  data  collected 
during  the  1987  and  1992  AFHS  examinations  recently  have  been  published  (40).  In  the  1987 
examination.  Ranch  Hand  participants  with  the  highest  serum  dioxin  levels  were  nearly  three  times  as 
likely  to  have  elevations  in  fasting  blood  sugar  than  were  Comparisons  (41).  In  the  1992  examination, 
Ranch  Hand  participants  with  high  levels  of  serum  dioxin  had  significantly  higher  fasting  and  2-hour 
postprandial  glucose  results  than  those  with  lower  levels  of  serum  dioxin  (42),  an  effect  that  was  shown  to 
be  independent  of  the  serum  triglyceride  level  (43).  In  nondiabetic  Ranch  Hands,  serum  insulin,  like  the 
2-hour  postprandial  glucose,  was  positively  and  significantly  associated  with  current  serum  dioxin  levels. 
In  contrast,  in  diabetic  participants,  a  consistent  inverse  dose-response  effect  was  found  in  all  models 
relating  serum  insulin  to  current  serum  dioxin.  Although  cause  and  effect  have  not  been  established, 
these  results  provide  further  evidence  for  an  association  between  glucose  intolerance  and  dioxin  levels 
and  raise  the  possibility  that,  in  a  subset  of  those  predisposed  to  diabetes,  dioxin  may  impair  insulin 
production. 

Whether  dioxin  exposure  is  in  fact  a  risk  factor  for  the  development  of  diabetes  remains  controversial. 
Recent  reports  from  NIOSH  noted  statistically  significantly  associations  between  the  prevalence  of 
diabetes  and  elevated  fasting  blood  sugar  with  increasing  serum  dioxin  levels  (44),  although  the  authors 
could  not  exclude  confounding  by  the  traditional  diabetic  risk  factors  of  age,  obesity,  and  family  history 
of  diabetes.  Other  epidemiological  studies,  some  of  which  have  included  serum  dioxin  levels  in  the 
analyses,  have  failed  to  find  an  association  between  glucose  intolerance  and  exposure  to  dioxin  (16,  17, 
45). 

In  the  most  recent  publication  by  the  Institute  of  Medicine,  a  special  section  is  devoted  to  the  subject  of 
dioxin  exposure  as  a  risk  factor  for  the  development  of  diabetes  (46).  Based  on  its  comprehensive  review 
of  the  literature,  the  committee  concluded  that  “at  this  time,  there  is  inadequate/insufficient  evidence  to 
determine  whether  an  association  exists  between  herbicide  or  dioxin  exposure  and  increased  risk  of 
diabetes.” 
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16, 1 .2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

16.1.2.1  1982  Baseline  Study  Summary  Results 

A  laboratory  evaluation  of  the  endocrine  system  was  used  for  analysis  in  the  baseline  examination  in 
1982.  Five  measures  of  endocrine  status  were  assessed:  T3  percent  uptake,  T4,  free  thyroxine  index 
(FTI),  testosterone,  and  2-hour  postprandial  glucose. 

Results  showed  significant  group  differences  for  T3  percent  uptake  (abnormally  low),  predominantly  in 
Ranch  Hands  40  years  old  or  younger.  The  highest  percentage  of  abnormalities  was  in  participants  with 
high  body  fat.  No  group  difference  was  noted  for  elevated  2-hour  postprandial  glucose  values  and,  as 
expected,  the  prevalence  of  abnormal  values  was  associated  with  increased  age  and  higher  body  fat. 
Lower  testosterone  values  also  were  associated  with  increased  age  and  higher  body  fat.  Higher  mean 
testosterone  values  were  significantly  more  prevalent  in  the  Ranch  Hand  group.  Significant  mean  shifts 
were  not  noted  for  the  T3  percent  uptake,  T4,  and  the  FTI. 

These  data,  coupled  with  the  animal  literature  on  the  profound  influence  of  the  endocrine  system  on 
lethality  and  body  fat  metabolism  following  dioxin  exposure,  clearly  underscored  the  importance  of  a 
more  comprehensive  evaluation  of  the  endocrine  system. 

16. 1.2.2  1985  Follow-up  Study  Summary  Results 

Questionnaire  and  review-of-systems  data  for  past  thyroid  disease  were  similar  in  both  the  Ranch  Hand 
and  Comparison  groups.  These  historical  data  were  confirmed  by  a  medical  records  review.  Physical 
examination  findings  were  necessarily  limited  to  data  from  palpation  of  the  thyroid  gland  and  testicles; 
the  unadjusted  results  showed  no  significant  group  differences. 

Evaluation  of  the  endocrine  system  was  conducted  primarily  by  laboratory  testing.  The  thyroid  test 
battery  consisted  of  T3  percent  uptake  and  TSH,  as  determined  by  radioimmunoassay  techniques. 
Testosterone,  initial  cortisol,  differential  cortisol  (the  difference  between  the  initial  and  2-hour  cortisol 
levels),  and  2-hour  postprandial  glucose  levels  also  were  analyzed.  The  T3  percent  uptake  data  showed  no 
group  differences  for  either  mean  values  or  frequency  of  abnormally  low  or  high  values.  TSH  results 
revealed  a  significantly  higher  mean  level  in  the  Ranch  Hand  group,  but  this  difference  was  not  detected 
by  discrete  analysis  of  the  proportions  of  abnormally  high  TSH  results. 

The  mean  level  of  testosterone  remained  significantly  elevated  for  Ranch  Hands,  as  contrasted  with 
Comparisons,  in  the  10  to  25  percent  body  fat  category,  but  this  difference  was  not  reflected  in  the 
discrete  analyses.  For  the  few  participants  with  less  than  10  percent  body  fat  (six  Ranch  Hands,  four 
Comparisons),  mean  testosterone  levels  were  lower  for  Ranch  Hands  than  for  Comparisons. 

Two  timed  cortisol  specimens  showed  no  significant  group  differences  in  mean  values  or  the  percentage 
of  participants  with  abnormalities.  The  difference  between  the  timed  cortisol  results,  termed  the 
“differential  cortisol,”  showed  no  significant  group  differences  for  non-Blacks  or  Blacks  bom  before 
1942,  but  Black  Ranch  Hands  bom  in  or  after  1942  had  a  lower  mean  differential  cortisol  level  than  did 
their  Comparisons. 

Group  means  of  2-hour  postprandial  glucose  levels  were  not  statistically  different,  but  discrete  analyses 
revealed  that  there  was  a  significantly  higher  frequency  of  glucose-impaired  (at  least  140  mg/dl,  but  less 
than  200  mg/dl)  Comparisons  than  Ranch  Hands.  A  variable  comprising  known  diabetics  and  individuals 
classified  as  diabetic  by  the  glucose  tolerance  test  showed  no  difference  between  the  Ranch  Hand  and 
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Comparison  groups.  The  covariates  age,  race,  and  body  fat  were  significantly  associated  with  diabetes  in 
this  analysis. 

16.1.2.3  1987  Follow-up  Study  Summary  Results 

The  endocrine  assessment  did  not  disclose  any  statistically  significant  differences  between  the  Ranch 
Hand  and  Comparison  groups.  The  percentage  of  participants  who  indicated  problems  with  current 
thyroid  disease  was  similar  between  groups,  as  were  the  percentages  with  thyroid  and  testicular 
abnormalities  determined  by  palpation  at  the  physical  examination.  The  Ranch  Hand  TSH  mean  was 
marginally  significantly  higher  than  the  Comparison  TSH  mean.  Ranch  Hand  and  Comparison  mean 
levels  were  similar  for  T3  percent  uptake,  FSH,  testosterone,  and  2-hour  postprandial  glucose.  The 
percentage  of  Ranch  Hands  with  abnormal  values  for  these  five  laboratory  variables  was  higher  than  the 
percentage  of  Comparisons  with  abnormal  values;  however,  the  difference  in  the  percentage  of  abnormal 
values  between  Ranch  Hands  and  Comparisons  was  not  statistically  significant  for  these  five  laboratory 
variables.  In  addition,  analyses  were  performed  on  a  composite  diabetes  indicator.  A  participant  was 
considered  diabetic  for  this  indicator  if  he  had  a  verified  history  of  diabetes  or  had  a  2-hour  postprandial 
glucose  level  of  at  least  200  mg/dl.  The  difference  in  the  percentage  of  Ranch  Hands  and  Comparisons 
considered  diabetic,  as  determined  through  this  composite  diabetes  indicator,  was  not  significant. 

16. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

The  endocrine  assessment  found  a  strong  positive  association  between  initial  dioxin  and  diabetes 
prevalence  and  testes  abnormalities;  however,  the  analyses  of  current  dioxin  levels  in  Ranch  Hands  and 
Comparisons  indicated  that  the  increased  risk  was  apparent  only  for  Ranch  Hands  in  the  high  current 
dioxin  category  (>33.3  parts  per  trillion  [ppt]).  These  Ranch  Hands  also  had  significantly  higher  mean 
levels  of  TSH,  fasting  glucose,  and  2-hour  postprandial  glucose  than  background  Comparisons,  as  well  as 
lower  mean  levels  of  T3  percent  uptake  and  testosterone.  The  discrete  analyses  of  these  variables  found  a 
significant  increase  in  abnormally  elevated  fasting  glucose  levels  and  diabetic  2-hour  postprandial  glucose 
levels  as  both  initial  dioxin  and  current  dioxin  increased. 

16.1.2.5  1992  Follow-up  Study  Summaty  Results 

The  assessment  of  the  endocrine  system  included  an  extensive  evaluation  of  thyroid,  pancreatic,  and 
gonadal  functions  and  their  relation  to  dioxin  exposure.  Analyses  of  thyroid  functions  did  not  identify 
significant  differences  between  Ranch  Hands  and  Comparisons.  Similarly,  the  prevalence  of  diabetes  in 
the  two  populations  was  not  significantly  different,  although  significant  positive  associations  were  found 
between  time  to  the  onset  of  diabetes  and  both  lipid-adjusted  and  whole  weight  dioxin  levels,  as  measured 
in  1987. 

Significant  glucose  metabolism  results  were  confined  to  the  current  serum  dioxin  analyses.  These  results 
suggested  a  possible  mechanism  for  dioxin  effect  on  glucose  metabolism  and  the  development  of 
diabetes.  Diabetic  Ranch  Hands  with  high  levels  of  current  serum  dioxin  had  significantly  higher  fasting 
glucose  levels  than  those  with  lower  levels  of  dioxin.  Nondiabetic  Ranch  Hands,  on  the  other  hand, 
exhibited  an  inverse  association  between  fasting  glucose  and  current  serum  dioxin  and  a  positive 
association  between  2-hour  postprandial  glucose  and  current  serum  dioxin.  Serum  dioxin  levels  were 
significantly  related  to  elevated  insulin  levels  in  nondiabetic,  but  not  in  diabetic  Ranch  Hands.  This  was 
suggestive  of  a  dioxin  effect  on  glucose  metabolism  with  a  heightened  release  of  insulin  in  Ranch  Hands 
with  a  fully  responsive  pancreas.  When  this  pancreatic  response  is  no  longer  effective,  elevated  glucose 
levels  lead  to  the  clinical  diagnosis  of  diabetes  and  loss  of  the  dose-response  between  dioxin  and  insulin. 
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Analyses  of  gonadal  functions  detected  a  significant  inverse  dose-response  relation  between  current 
serum  dioxin  and  total  serum  testosterone  in  Ranch  Hands.  These  results  supported  those  described  in  the 
Serum  Dioxin  Analysis  of  the  1987  Follow-up  Examination,  but  the  clinical  meaning  was  uncertain. 

In  conclusion,  although  the  existence  of  endocrine  disorders  was  comparable  in  Ranch  Hands  and 
Comparisons,  the  assessment  of  glucose  metabolism  showed  the  possibility  of  adverse  effects  from  dioxin 
in  relation  to  glucose  intolerance  and  insulin  production. 

16. 1 .3  Parameters  for  the  1997  Endocrine  Assessment 

16.1.3.1  Dependent  Variables 

Questionnaire,  physical  examination,  and  laboratory  data  collected  at  the  AFHS  1997  follow-up 
examination  were  used  in  the  endocrine  assessment.  The  self-reported  information  collected  from  the 
1997  questionnaire  was  subsequently  verified  and  analyses  were  based  on  the  verified  data. 

16. 1.3.2  Medical  Records  Data 

The  1997  questionnaire  posed  a  general  screening  question  on  thyroid  function  and  disease.  Each 
participant  was  asked  the  following  question  during  the  in-person  health  interview:  “Since  the  date  of  the 
last  interview,  has  a  doctor  told  you  for  the  first  time  that  you  had  thyroid  problems?”  All  affirmative 
responses  were  verified  by  a  medical  records  review  and  added  to  previously  reported  and  verified 
information  on  the  thyroid  function  from  the  1982  baseline  examination  and  the  1985,  1987,  and  1992 
follow-up  examinations  for  each  participant.  Thyroid  disease  was  classified  according  to  the  International 
Classification  of  Diseases,  9th  Revision,  Clinical  Modification  (ICD-9-CM)  diagnostic  codes.  The  ICD-9- 
CM  codes  for  thyroid  disease  encompassed  240.0-246.9.  Based  on  the  verified  data,  history  of  thyroid 
disease  was  classified  as  “yes”  or  “no.”  Participants  with  a  pre-Southeast  Asia  (SEA)  history  of  thyroid 
disease  were  excluded  from  the  analysis  of  thyroid  disease  history. 

Similar  information  was  asked  of  each  participant  regarding  diabetes.  This  information  also  was  verified 
and  combined  with  previous  information.  ICD-9-CM  codes  250.00-250.93  were  used  to  classify  diabetes. 
Participants  with  a  verified  history  of  diabetes  were  combined  with  those  participants  with  a  2-hour 
postprandial  glucose  level  of  200  mg/dl  or  greater  at  the  1997  physical  examination  and  classified  as 
“yes”  for  a  composite  diabetes  indicator  variable.  Those  participants  without  a  verified  history  of 
diabetes  and  with  a  2-hour  postprandial  glucose  level  of  less  than  200  mg/dl  at  the  1997  physical 
examination  were  classified  as  “no.”  This  composite  diabetes  indicator,  derived  from  a  medical  records 
review  and  laboratory  results,  was  analyzed  as  part  of  the  endocrine  assessment.  Participants  classified  as 
“yes”  were  designated  as  diabetics  and  participants  classified  as  “no”  were  designated  as  nondiabetics. 

After  the  data  were  analyzed,  medical  records  of  all  participants  designated  as  diabetic,  based  on  medical 
records,  were  reviewed  to  determine  diabetic  type  (1  or  2).  One  participant  (a  Ranch  Hand  veteran)  was 
diagnosed  as  having  type  1  (insulin-dependent)  diabetes  and  the  remainder  were  diagnosed  as  having  type 
2  (adult  onset)  diabetes.  A  reanalysis  with  the  single  Ranch  Hand  with  type  1  diabetes  excluded  yielded 
the  same  results  as  those  already  presented. 

As  part  of  the  1997  questionnaire,  questions  were  asked  of  diabetics  regarding  the  use  of  insulin,  oral 
diabetes  medication,  and  diet.  This  self-reported  information  was  verified  and  a  diabetic  severity  index 
was  constructed  and  analyzed  for  all  participants.  This  index  was  categorized  as  “requiring  insulin,”  “oral 
hypoglycemic,”  “diet  only,”  or  “no  treatment”  for  diabetics  and  “no  diabetes”  for  nondiabetics. 
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The  date  on  which  a  participant  was  first  diagnosed  with  diabetes  was  used  to  measure  a  time  to  diabetes 
onset  by  determining  the  number  of  years  between  the  date  of  diagnosis  and  the  end  date  of  the  last  tour 
of  duty  in  SEA.  Time  to  diabetes  onset  for  those  participants  who  have  not  been  diagnosed  with  diabetes 
was  the  number  of  years  between  the  1997  examination  date  and  the  end  date  of  the  last  tour  of  duty  in 
SEA.  This  method  of  determining  time  to  diabetes  onset  also  was  used  for  participants  with  a  2-hour 
postprandial  glucose  level  of  200  mg/dl  or  greater  at  the  1997  physical  examination  but  not  yet  diagnosed 
with  diabetes. 

Participants  with  a  pre-SEA  history  of  diabetes  were  excluded  from  the  analyses  of  the  composite 
diabetes  indicator,  diabetic  severity,  and  time  to  diabetes  onset. 

16. 1.3.2. 1  Physical  Examination  Data 

The  physical  examination  of  endocrine  function  included  manual  palpation  of  the  thyroid  gland  and 
testes.  Thyroid  abnormalities  consisted  of  enlarged  gland,  tenderness,  presence  of  nodules,  or 
thyroidectomies.  Testicular  abnormalities  consisted  of  atrophied  or  absent  testes.  Participants  with  a  pre- 
SEA  history  of  thyroid  disease  and  participants  who  are  currently  taking  thyroid  medication  were 
excluded  from  the  analysis  of  the  thyroid  gland.  For  the  analysis  of  testicular  abnormalities,  participants 
with  pre-SEA  orchiectomies  or  participants  with  a  missing  testicle  because  of  an  undescended  testicle  or  a 
congenital  absence  were  excluded. 

16.1.3.2.2  Laboratory  Examination  Data 

For  the  1997  follow-up  examination,  14  laboratory  variables  were  analyzed  statistically  in  the  endocrine 
assessment  for  all  participants.  TSH  (jilU/ml),  thyroxine  (jag/dl),  LH  (mlU/ml),  FSH  (mlU/ml),  and  total 
testosterone  (ng/dl)  were  conducted  using  Ciba  Coming  ACS  180®  equipment.  Abbott  IMX®  equipment 
was  used  to  measure  a-l-C  hemoglobin  (percent)  and  estradiol  (pg/ml).  Measurements  for  fasting 
glucose  (mg/dl)  were  taken  using  Dade  RxL®  equipment.  Fasting  urinary  glucose  analyses  were 
conducted  by  dipstick  methods  using  Bayer  Atlas®  equipment.  Anti-thyroid  antibodies  were  analyzed 
using  passive  hemagglutination  assay.  Free  testosterone  (pg/ml)  was  conducted  by  radioimmunoassay. 

In  addition,  the  analyses  of  2-hour  postprandial  glucose  (mg/dl),  serum  insulin  (pIU/ml),  and  the  presence 
of  2-hour  postprandial  urinary  glucose  were  restricted  to  nondiabetics  only.  Measurements  for  2-hour 
postprandial  glucose  (mg/dl)  were  taken  using  Dade  RxL®  equipment.  Analyses  for  2-hour  postprandial 
urinary  glucose  were  conducted  by  dipstick  methods  using  Bayer  Atlas®  equipment.  Abbott  IMX® 
equipment  was  used  to  measure  serum  insulin.  The  100-gram  glucose  load  for  the  postprandial  assays 
was  standardized  by  the  use  of  Glucola®  and  was  not  given  to  diabetics  unless  requested  by  the 
participant. 

All  laboratory  variables  were  analyzed  in  both  discrete  and  continuous  forms  except  for  anti-thyroid 
antibodies,  fasting  urinary  glucose,  and  2-hour  postprandial  urinary  glucose.  These  variables  were 
analyzed  as  discrete  variables  only  and  categorized  as  “present”  or  “absent.” 

TSH  and  semm  insulin  were  categorized  as  “abnormally  low,”  “normal,”  and  “abnormally  high.”  The 
results  for  2-hour  postprandial  glucose  were  coded  as  “normal”  and  “impaired.”  All  other  laboratory 
results  were  dichotomized  as  “normal”  or  “abnormal”  (abnormally  high  for  all  variables,  except  for 
thyroxine,  total  testosterone,  and  free  testosterone,  which  were  classified  according  to  abnormally  low 
values). 
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Participants  with  thyroidectomies,  a  pre-SEA  history  of  thyroid  disease,  or  who  are  taking  thyroid 
medication  were  excluded  from  the  analyses  of  TSH,  thyroxine,  and  anti-thyroid  antibodies.  For  total  and 
free  testosterone,  participants  with  orchiectomies  (pre-SEA  or  post-SEA),  participants  with  a  missing 
testicle  because  of  an  undescended  testicle  or  a  congenital  absence,  and  participants  currently  taking 
testosterone  medication  were  excluded.  Participants  with  pre-SEA  diabetes  were  excluded  from  the 
analysis  of  fasting  glucose,  fasting  urinary  glucose,  and  ct-l-C  hemoglobin.  Participants  who  were 
diabetic  (pre-SEA  and  post-SEA)  or  participants  with  a  2-hour  postprandial  glucose  level  greater  than  or 
equal  to  200  mg/dl  were  excluded  from  the  analyses  of  2-hour  postprandial  glucose,  2-hour  postprandial 
urinary  glucose,  and  serum  insulin. 

As  described  above,  a  100-gram  glucose  load  for  the  postprandial  assays  was  standardized  by  the  use  of 
Glucola®.  Some  participants  were  not  given  Glucola®  by  request.  A  subset  of  these  participants  was  not 
classified  as  diabetic  through  a  medical  records  review;  their  2-hour  postprandial  glucose  was  less  than 
200  mg/dl  without  consuming  the  Glucola®.  Consequently,  these  participants  could  not  be  classified  as 
diabetic  or  nondiabetic  for  the  composite  diabetes  indicator  and  were  considered  to  have  an  unknown 
diabetic  status.  These  participants  were  excluded  from  analyses  of  2-hour  postprandial  glucose,  2-hour 
postprandial  urinary  glucose,  and  serum  insulin. 

16.1.3.3  Covariates 

The  endocrine  assessment  included  the  effects  of  age,  race,  and  military  occupation  in  the  adjusted 
analyses  of  all  variables.  To  adjust  for  the  effects  of  stress  on  endocrinologic  measures,  personality  type 
was  used  as  an  additional  covariate  for  past  thyroid  disease,  thyroid  gland  abnormalities,  TSH,  thyroxine, 
and  anti-thyroid  antibodies.  Age,  race,  occupation,  personality  type,  and  body  fat  were  included  in  the 
adjusted  analyses  of  the  testes-related  variables  (testicular  examination,  total  testosterone,  and  free 
testosterone).  A  covariate  characterizing  family  history  of  diabetes  was  included  for  the  diabetes-related 
variables,  along  with  age,  race,  military  occupation,  personality  type,  and  body  fat.  These  dependent 
variables  included  the  composite  diabetes  indicator,  diabetic  severity,  time  to  diabetes  onset,  fasting  and 
2-hour  postprandial  glucose,  fasting  and  2-hour  postprandial  urinary  glucose,  serum  insulin,  and  oc-l-C 
hemoglobin. 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Personality  type  was 
determined  from  the  Jenkins  Activity  Survey  administered  during  the  1997  follow-up  examination  and 
was  derived  from  a  discriminant-function  equation  based  on  questions  that  best  discriminate  men  judged 
to  be  type  A  from  those  judged  to  be  type  B  (47).  Positive  scores  reflected  the  type  A  direction;  negative 
scores  reflected  the  type  B  direction.  Personality  type  was  dichotomized  as  type  A  or  type  B. 

Body  fat  was  calculated  from  a  metric  body  mass  index  (48);  the  formula  is 

Body  Fat  (in  percent )=  WeiRht(k&  2  .  L264  - 13.305 . 

[Height  (m)] 

Each  participant  was  asked  in  the  1997  questionnaire  whether  anyone  in  his  immediate  family  ever  had 
diabetes  or  sugar  diabetes.  A  family  history  of  diabetes  covariate  was  constructed  from  this  question  and 
used  in  adjusted  analyses  of  all  diabetic-related  dependent  variables. 

1 6. 1 .4  Statistical  Methods 

Table  16-1  summarizes  the  statistical  analysis  that  was  performed  for  the  endocrine  assessment.  The  first 
part  of  this  table  describes  the  dependent  variables  and  identifies  the  covariates  and  the  statistical 
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methods.  The  second  part  of  this  table  further  describes  the  covariates.  A  covariate  was  used  in  its 
continuous  form  whenever  possible  for  all  adjusted  analyses.  If  the  covariate  was  inherently  discrete 
(e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of  association,  the 
covariate  was  categorized  as  shown  in  Table  16-1.  Table  16-2  provides  a  summary  of  the  number  of 
participants  with  missing  dependent  variable  and  covariate  data.  In  addition,  the  number  of  participants 
excluded  because  of  medical  conditions  is  given. 


Table  16-1.  Statistical  Analysis  for  the  Endocrine  Assessment 


Dependent  Variables 
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S  1::@ 

Covariates8 

Exclusions6 

pi 
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Methods 

Past  Thyroid  Disease 

MR-V 

D 

Yes 

No 

(1) 

(a) 

U:LR 

A:LR 

Composite  Diabetes 
Indicator 

MR-V/ 

LAB 

D 

•  Diabetic:  Verified 
History  or  >200 
mg/dl  2-hr.  post¬ 
prandial  glucose 

•  Nondiabetic: 
Otherwise 

(2) 

(b) 

U:LR 

A:LR 

L:LR 

Diabetic  Severity 

MR-V 

D 

Requiring  Insulin 

Oral  Hypoglycemics 
Diet  Only 

No  Treatment 

No  Diabetes 

(2) 

(b) 

U:PR 

A:PR 

Time  to  Diabetes 

Onset  (years) 

MR-V/ 

LAB/ 

MIL 

C 

(2) 

(b) 

U:ST 

A:ST 

Thyroid  Gland 

PE 

D 

Abnormal 

Normal 

0) 

(c) 

U:LR 

A:LR 

Testicular 

Examination 

PE 

D 

Abnormal 

Normal 

(3) 

(d) 

U:LR 

A:LR 

TSH  (plU/ml) 

LAB 

D/C 

Abnormal  Low:  <0.35 
Normal:  0.35-5.5 
Abnormal  High:  >5.5 

a) 

(e) 

U:PR,GLM 

A:PR,GLM 

L:PR,GLM 

Thyroxine  (T4)  (jig/dl) 

LAB 

D/C 

Low:  <4.8 

Normal:  >4.8 

(i) 

(e) 

U:LR,GLM 

A:LR,GLM 

Anti-Thyroid 

Antibodies 

LAB 

D 

Present 

Absent 

(1) 

(e) 

U:LR 

A:LR 

Fasting  Glucose 
(mg/dl) 

LAB 

D/C 

High:  >110 

Normal:  <110 

(2) 

(b) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

2-Hour  Postprandial 
Glucose  (mg/dl) 

LAB 

D/C 

Impaired:  140-<200 
Normal:  <140 

(2) 

(f) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 
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Table  16-1.  Statistical  Analysis  for  the  Endocrine  Assessment  (Continued) 


Variable  (Units) 

Form 

*  •  »*  Outpoints 

11  Coyariates8|| 

Exclusions5 

Statistical 
Analysis  and 
m  Methods 

Fasting  Urinary 
Glucose 

LAB 

D 

Present 

Absent 

5) 

(b) 

U:LR 

A:LR 

2-Hour  Postprandial 
Urinary  Glucose 

LAB 

D 

Present 

Absent 

(2) 

(f) 

U:LR 

A:LR 

Serum  Insulin 
(filU/ml) 

LAB 

D/C 

Abnormal  Low:  <18 
Normal:  18-56 
Abnormal  High:  >56 

(2) 

(f> 

U:PR,GLM 

A:PR,GLM 

cx-l-C  Hemoglobin 
(percent) 

LAB 

D/C 

High:  >7.7 

Normal:  <7.7 

(2) 

(b) 

U:LR,GLM 

A:LR,GLM 

Total  Testosterone 
(ng/dl) 

LAB 

D/C 

Low: 

<241  (Ages  45-49) 
<230  (Age  >50) 
Normal: 

>241  (Ages  45-49) 
>230  (Age  >50) 

(3) 

(g) 

U:LR,GLM 

A:LR,GLM 

L:LR,GLM 

Free  Testosterone 
(pg/ml) 

LAB 

D/C 

Low:  <6 

Normal:  >6 

(3) 

(g) 

U:LR,GLM 

A:LR,GLM 

Estradiol  (pg/ml) 

LAB 

D/C 

High:  >50 

Normal:  <50 

(4) 

None 

U:LR,GLM 

A:LR,GLM 

LH  (mlU/ml) 

LAB 

D/C 

High:  >9.3 

Normal:  <9.3 

(4) 

None 

U:LR,GLM 

A:LR,GLM 

FSH  (mlU/ml) 

LAB 

D/C 

High:  >15 

Normal:  <15 

(4) 

None 

U:LR,GLM 

A:LR,GLM 

aCo  variates: 

(1) :  age,  race,  military  occupation,  personality  type. 

(2) :  age,  race,  military  occupation,  personality  type,  body  fat,  family  history  of  diabetes. 

(3) :  age,  race,  military  occupation,  personality  type,  body  fat. 

(4) :  age,  race,  military  occupation. 

Exclusions: 

(a) :  participants  with  a  pre-SEA  history  of  thyroid  disease. 

(b) :  participants  with  a  pre-SEA  history  of  diabetes. 

(c) :  participants  with  a  pre-SEA  history  of  thyroid  disease,  participants  currently  taking  thyroid  medication. 

(d) :  participants  with  a  pre-SEA  orchiectomy,  participants  with  a  testicle  absent  (undescended  or  congenital 
absence). 

(e) :  participants  with  a  pre-SEA  history  of  thyroid  disease,  participants  with  a  thyroidectomy,  participants  currently 
taking  thyroid  medication. 

(f) :  all  diabetics  (pre-  and  post-SEA),  participants  whose  diabetic  status  was  unknown  at  the  1997  physical 
examination. 

(g) :  participants  with  an  orchiectomy  (pre-SEA  or  post-SEA),  participants  with  a  testicle  absent  (undescended  or 
congenital  absence),  participants  currently  taking  testosterone  medication. 
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Table  16-1.  Statistical  Analysis  for  the  Endocrine  Assessment  (Continued) 


Covariates 


ttlllllliWllW®;  (Pil8)-:  .IKIP 

Data  Source 

Data  Form 

1  |  |  Jjj  ||  iff  I  Cutpoints  III  ||  ^ 

Age  (years) 

MIL 

D/C 

Born  >1942 

Born  <1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Personality  Type 

PE 

D 

A  direction 

B  direction 

Body  Fat  (percent) 

PE 

D/C 

Obese:  >25% 

Lean  or  Normal:  <25% 

Family  History  of  Diabetes 

Q-SR 

D 

Yes 

No 

Abbreviations 


Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 
MR-V:  Medical  records  (verified) 

PH:  1997  physical  examination 

Q-SR:  1997  health  questionnaire  (self-reported) 

Data  Form:  C:  Continuous  analysis  only 

D:  Discrete  analysis  only 

D/C:  Discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for  analysis 
(either  discrete  or  continuous)  for  covariates 


Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 

Statistical  Methods:  GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 
PR:  Polytomous  logistic  regression  analysis 
ST:  Survival  time  analysis 


Cutpoints  for  total  testosterone  were  age-dependent.  Consequently,  normal  and  abnormal  levels  for  total 
testosterone  were  constructed  according  to  a  participant’s  laboratory  value  and  age  at  the  physical 
examination.  The  age-specific  cutpoints  are  listed  in  Table  16-1;  the  reference  ages  for  these  cutpoints 
are  given  in  parentheses  following  the  cutpoints. 

The  analysis  of  time  to  diabetes  onset  was  based  on  a  regression  analysis  of  time  to  onset  in  which  time  to 
onset  was  modeled  as  a  linear  combination  of  exposure  variables  and  co variates.  Further  details  on  the 
statistical  procedures  used  for  the  analysis  of  time  to  onset  are  discussed  in  Chapter  7,  Statistical 
Methods. 
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Table  16-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Endocrine  Assessment 

Group 

Piadn  TlfB§ 
(Ranch  Hands  Only) 

Categorized  Dioxin 

Variable 

Variable 
Use  . 

Ranch 
'  ^Haiidyj 

;  i 

lilill 

Ranch 

Hand 

Comparison  I 

Composite  Diabetes  Indicator 

DEP 

9 

18 

5 

7 

7 

17 

Diabetic  Severity 

DEP 

9 

18 

5 

7 

7 

17 

Time  to  Diabetes  Onset 

DEP 

9 

18 

5 

7 

7 

17  • 

Testicular  Examination 

DEP 

1 

0 

0 

1 

1 

0 

2-hour  Postprandial  Glucose 

DEP 

1 

2 

1 

1 

1 

2 

2-hour  Postprandial  Urinary 
Glucose 

DEP 

3 

5 

2 

3 

3 

5 

Serum  Insulin 

DEP 

1 

2 

1 

1 

1 

2 

Personality  Type 

COV 

3 

0 

1 

3 

3 

0 

Family  History  of  Diabetes 

COV 

7 

12 

4 

7 

7 

12 

Pre-SEA  Thyroid  Disease 

EXC 

7 

5 

4 

7 

7 

5 

Pre-SEA  Diabetes 

EXC 

2 

1 

2 

2 

2 

1 

Taking  Thyroid  Medication 

EXC 

24 

44 

13 

24 

24 

44 

Diabetic  or  Diabetic  Status 
Unknown 

EXC 

156 

228 

113 

152 

152 

217 

Pre-SEA  Orchiectomy 

EXC 

2 

2 

1 

2 

2 

2 

Thyroidectomy 

EXC 

12 

15 

5 

12 

12 

15 

Pre-  or  Post-SEA  Orchiectomy 

EXC 

8 

5 

4 

8 

8 

5 

Testicle  Undescended  or 
Congenitally  Absent 

EXC 

6 

13 

3 

6 

6 

13 

Taking  Testosterone 

Medication 

EXC 

6 

7 

3 

5 

5 

7 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


16.2  RESULTS 

16.2.1  Dependent  V ariable-Co variate  Associations 

The  associations  between  the  dependent  variables  examined  in  the  endocrine  assessment  and  the 
covariates  used  in  the  adjusted  analysis  were  investigated.  The  results  are  presented  in  Appendix  F,  Table 
F-8.  These  associations  are  pairwise  between  the  dependent  variable  and  the  covariate  and  are  not 
adjusted  for  any  other  covariates.  Participants  were  excluded  from  each  of  the  analyses  as  given  in  Table 
16-1.  Statistically  significant  associations  are  discussed  below. 

The  covariate  tests  of  association  for  past  thyroid  disease  revealed  a  significant  positive  association  with 
age  (p=0.020). 

A  participant  with  a  verified  history  of  diabetes  or  a  2-hour  postprandial  glucose  level  of  greater  than  or 
equal  to  200  mg/dl  was  considered  diabetic  in  the  composite  diabetes  indicator  variable.  The  covariate 
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tests  of  association  revealed  age  (p=0.001),  race  (p=0.011),  personality  type  (p=0.001),  body  fat 
(p=0.001),  and  family  history  of  diabetes  (p=0.001)  to  be  associated  significantly  with  the  composite 
diabetes  indicator.  The  percentage  of  diabetic  participants  increased  with  age.  A  higher  percentage  of 
Black  participants  than  non-Black  participants  were  diabetic  (25.6%  versus  16.4%).  The  percentage  of 
diabetic  participants  was  higher  for  participants  with  type  B  personalities  than  participants  with  type  A 
personalities  (19.5%  versus  13.0%).  A  higher  percentage  of  obese  participants  were  diabetic  than  lean 
and  normal  participants  (28.6%  versus  12.1%).  A  greater  percentage  of  participants  with  a  family  history 
of  diabetes  were  diabetic,  relative  to  participants  with  no  family  history  of  diabetes  (24.9%  versus 
14.1%). 

Tests  of  covariate  association  revealed  age  (p=0.001),  race  (p=0.023),  personality  type  (p=0.001),  body 
fat  (p=0.001),  and  family  history  of  diabetes  (p=0.001)  to  be  significantly  associated  with  diabetic 
severity.  The  percentage  of  nondiabetic  participants  was  greater  for  younger  participants,  non-Blacks, 
those  with  a  type  A  personality,  lean  participants,  and  participants  with  no  family  history  of  diabetes.  The 
percentages  of  older  participants  who  used  no  treatment,  diet,  oral  hypoglycemics,  and  insulin  to  treat 
diabetes  were  6.2, 2.5, 7.5,  and  2.6,  respectively.  Percentages  for  younger  participants  were  smaller  than 
for  older  participants  for  all  forms  of  treatment.  The  analysis  of  race  showed  that  for  Black  participants, 

7 .2  percent  used  no  treatment,  2.4  percent  used  diet  only  as  a  form  of  treatment,  11.2  percent  used  oral 
hypoglycemics,  and  3.2  percent  used  insulin.  For  all  forms  of  treatment,  the  percentages  of  non-Black 
participants  were  smaller  than  for  Black  participants.  Covariate  analyses  revealed  that  4.3  percent,  1 , 1 
percent,  3.5  percent,  and  2.1  percent  of  participants  with  type  A  personalities  used  no  treatment,  diet,  oral 
hypoglycemics,  and  insulin,  respectively,  to  treat  their  disorder.  For  participants  with  type  B 
personalities,  6.3  percent,  2.1  percent,  6.8  percent,  and  1.9  percent,  respectively,  used  these  methods  in 
the  treatment  of  diabetes.  Of  the  obese  participants,  9.9  percent  used  no  treatment,  2.1  percent  used  diet 
as  a  form  of  treatment,  10.2  percent  used  oral  hypoglycemics,  and  2.1  percent  used  insulin.  The 
percentages  of  lean  or  normal  participants  using  these  methods  were  less  for  each  form  of  treatment.  Of 
the  participants  with  a  family  history  of  diabetes,  7.5  percent  used  no  treatment,  2.2  percent  used  diet  to 
treat  their  disorder,  9.1  percent  used  hypoglycemics,  and  3.5  percent  used  insulin.  The  percentages  of 
participants  with  no  family  history  of  diabetes  using  these  methods  were  less  for  each  form  of  treatment. 

Time  to  diabetes  onset  was  associated  significantly  with  age  (p<0.001),  race  (p=0.007),  personality  type 
(p<0.001),  body  fat  (p<0.001),  and  family  history  of  diabetes  (p<0.001).  Time  to  diabetes  onset 
decreased  significantly  with  increases  in  age  and  body  fat.  Black  participants  had  a  shorter  time  to 
diabetes  onset  than  did  non-Black  participants.  Participants  with  type  A  personalities  had  a  significantly 
longer  time  to  diabetes  onset  than  did  participants  with  type  B  personalities.  Participants  with  a  family 
history  of  diabetes  had  a  significantly  shorter  time  to  diabetes  onset  than  did  participants  with  no  family 
history  of  diabetes. 

Abnormalities  of  the  thyroid  gland  were  significantly  associated  with  occupation  (p=0.019).  Officers  had 
the  highest  percentage  of  participants  with  abnormal  thyroid  glands  (1.9%),  followed  by  enlisted  flyers 
(0.6%),  then  enlisted  groundcrew  (0.5%). 

Tests  of  covariate  association  showed  the  percentage  of  abnormal  testicular  examinations  to  be 
significantly  associated  with  age  (p=0.001)  and  occupation  (p=0.021).  Older  participants  had  a  higher 
percentage  of  abnormal  testicular  examinations  than  did  younger  participants  (6.2%  versus  1.4%). 

Officers  had  the  highest  percentage  of  abnormal  testicular  examinations  (5.2%),  followed  by  enlisted 
flyers  (5.1%),  then  enlisted  groundcrew  (2.8%). 

TSH  in  its  continuous  form  increased  significantly  with  age  (p<0.001).  Race  and  occupation  also  were 
significant  (pcO.OOl  and  p=0.007).  Non-Black  participants  had  a  higher  mean  TSH  level  than  did  Black 
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participants  (1.87  filU/ml  versus  1.38  (ilU/ml).  Officers  had  the  highest  mean  TSH  level  (1.94  jilU/ml), 
followed  by  enlisted  groundcrew  (1.78  plU/ml),  then  enlisted  flyers  (1.77  JilU/ml).  No  significant 
covariate  associations  were  seen  with  TSH  in  its  discrete  form. 

Thyroxine  in  its  continuous  form  was  significantly  associated  with  occupation  (p<0.001).  Enlisted  flyers 
had  the  highest  mean  thyroxine  level  (7.26  pg/dl),  followed  by  enlisted  groundcrew  (7.20  pg/dl),  then 
officers  (6.81  pg/dl).  Tests  of  covariate  associations  with  thyroxine  in  its  discrete  form  revealed  no 
significant  associations. 

Fasting  glucose  in  its  continuous  form  increased  with  age  (p<0.001)  and  body  fat  (p<0.001).  Occupation 
(p=0.039),  personality  type  (p=0.001),  and  family  history  of  diabetes  (p<0.001)  also  were  associated 
significantly  with  fasting  glucose.  Enlisted  flyers  had  the  highest  mean  fasting  glucose  level  (104.1 
mg/dl),  followed  by  enlisted  groundcrew  (101.8  mg/dl),  then  officers  (100.4  mg/dl).  Participants  with 
type  B  personalities  had  a  higher  mean  fasting  glucose  level  than  did  participants  with  type  A 
personalities  (102.9  mg/dl  versus  99.6  mg/dl).  Participants  with  a  family  history  of  diabetes  had  a  higher 
mean  fasting  glucose  level  (107.1  mg/dl)  than  did  those  participants  with  no  family  history  of  diabetes 
(99.8  mg/dl). 

Fasting  glucose  in  its  discrete  form  increased  with  age  (p=0.001)  and  body  fat  (p=0.001).  Race 
(p=0.040),  personality  type  (p=0.001),  and  family  history  of  diabetes  (p=0.001)  also  were  significant  in 
the  tests  of  covariate  association.  Black  participants  had  a  greater  percentage  of  high  fasting  glucose 
levels  than  did  non-Black  participants  (24.2%  versus  16.7%).  A  greater  percentage  of  high  fasting 
glucose  values  was  seen  for  participants  with  personality  type  B  (19.4%)  versus  personality  type  A 
(13.6%).  Participants  with  a  family  history  of  diabetes  had  a  higher  prevalence  of  high  fasting  glucose 
levels  (25.2%  versus  14.4%). 

Two-hour  postprandial  glucose  was  analyzed  only  for  nondiabetics.  Two-hour  postprandial  glucose  in  its 
continuous  form  increased  with  age  (p<0.001)  and  body  fat  (p<0.001).  Occupation  (p=0.014),  personality 
type  (p=0.035),  and  family  history  of  diabetes  (p=0.003)  also  were  significant.  Enlisted  flyers  had  the 
highest  mean  2-hour  postprandial  glucose  level  (109.7  mg/dl),  followed  by  enlisted  groundcrew  (104.8 
mg/dl),  then  officers  (103.5  mg/dl).  Participants  with  type  B  personalities  had  a  higher  mean  2-hour 
postprandial  glucose  level  than  did  participants  with  type  A  personalities  (106.3  mg/dl  versus  103.3 
mg/dl).  Participants  with  a  family  history  of  diabetes  had  a  higher  mean  2-hour  postprandial  glucose 
level  (108.9  mg/dl)  than  those  with  no  family  history  of  diabetes  (104.0  mg/dl). 

Tests  of  covariate  association  for  2-hour  postprandial  glucose  in  its  dichotomous  form  showed  age 
(p=0.001),  race  (p=0.007),  body  fat  (p=0.001),  and  family  history  of  diabetes  (p=0.024)  to  be  significant. 
The  percentage  of  participants  with  2-hour  postprandial  glucose  results  classified  as  impaired  increased 
with  age  and  body  fat.  Non-Black  participants  had  a  higher  percentage  of  impaired  values  than  did  Black 
participants  (16.4%  versus  5.4%).  Participants  with  a  family  history  of  diabetes  had  a  higher  prevalence 
of  impaired  values  than  did  participants  with  no  family  history  of  diabetes  (19.5%  versus  14.7%). 

The  presence  of  fasting  urinary  glucose  was  significantly  associated  with  occupation  (p=0.029), 
personality  type  (p=0.004),  body  fat  (p=0.001),  and  family  history  of  diabetes  (p=0.012).  The  prevalence 
of  participants  with  fasting  urinary  glucose  present  increased  with  body  fat.  Enlisted  groundcrew  had  the 
highest  percentage  of  positive  fasting  urinary  glucose  results  (5.2%),  followed  by  enlisted  flyers  (5.0%), 
then  officers  (2.8%).  A  greater  prevalence  of  participants  with  fasting  urinary  glucose  present  was  seen 
for  participants  with  personality  type  B  (5.2%)  versus  personality  type  A  (2.6%).  Participants  with  a 
family  history  of  diabetes  had  a  higher  prevalence  of  positive  fasting  urinary  glucose  results  than  did 
participants  with  no  family  history  of  diabetes  (6.1%  versus  3.5%). 
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Two-hour  postprandial  urinary  glucose  was  analyzed  only  for  nondiabetics.  The  presence  of  2-hour 
postprandial  urinary  glucose  was  significantly  associated  with  occupation  (p=0.033).  Enlisted  flyers  had 
the  highest  prevalence  of  positive  2-hour  postprandial  urinary  glucose  results  (26.7%),  followed  by 
enlisted  groundcrew  (24.9%),  then  officers  (20. 1%). 

Serum  insulin  was  analyzed  only  for  nondiabetics.  Serum  insulin  in  its  continuous  form  increased 
significantly  with  age  (p<0.001)  and  body  fat  (p<0.001).  Occupation  (p=0.001),  personality  type 
(p=0.006),  and  family  history  of  diabetes  (p=0.001)  also  were  significant.  Enlisted  flyers  had  the  highest 
mean  serum  insulin  level  (52.55  piU/ml),  followed  by  enlisted  groundcrew  (50.58  plU/ml),  then  officers 
(43.67  jilU/ml).  Participants  with  type  B  personalities  had  a  higher  mean  serum  insulin  level  than 
participants  with  type  A  personalities  (50.42  pIU/ml  versus  44.72  plU/ml).  Participants  with  a  family 
history  of  diabetes  had  a  higher  mean  insulin  level  (54.32  pIU/ml)  than  those  with  no  family  history  of 
diabetes  (46.28  }iIU/ml). 

Serum  insulin  in  its  discrete  form  was  significantly  associated  with  age  (p=0.003),  occupation  (p=0.024), 
personality  type  (p=0.018),  body  fat  (p=0.001),  and  family  history  of  diabetes  (p=0.001).  Younger 
participants  had  a  higher  percentage  of  abnormally  low  and  a  lower  percentage  of  abnormally  high  serum 
insulin  levels  than  did  older  participants.  Officers  had  the  highest  percentage  of  abnormally  low  serum 
insulin  levels  (14.9%)  and  the  lowest  percentage  of  abnormally  high  serum  insulin  levels  (37.4%). 
Participants  with  personality  type  A  had  a  higher  percentage  of  abnormally  low  serum  insulin  levels 
(14.9%)  and  a  lower  percentage  of  abnormally  high  serum  insulin  levels  (38.4%)  than  did  participants 
with  personality  type  B.  Obese  participants  had  a  lower  percentage  of  abnormally  low  serum  insulin 
levels  (2.5%)  than  did  lean  or  normal  participants  (16.4%).  Lean  or  normal  participants  had  a  lower 
percentage  of  abnormally  high  serum  insulin  levels  (32.0%)  than  obese  participants  (71.0%).  Participants 
with  no  family  history  of  diabetes  had  a  higher  prevalence  of  abnormally  low  serum  insulin  levels 
(14.2%)  than  did  participants  with  a  history  of  diabetes  (8.5%).  The  prevalence  of  abnormally  high  serum 
insulin  values  was  greater  for  participants  with  a  family  history  of  diabetes  than  for  participants  with  no 
history  of  diabetes  (49.6%  versus  39.4%). 

Age  and  body  fat  significantly  increased  with  cc-l-C  hemoglobin  in  its  continuous  form  (p<0.001  for 
each).  Race,  occupation,  personality  type,  and  family  history  of  diabetes  also  were  significant  (p<0.001 
for  each).  Black  participants  had  a  significantly  higher  mean  a-l-C  hemoglobin  level  than  did  non-Black 
participants  (7.07  percent  versus  6.45  percent).  Enlisted  flyers  had  the  highest  mean  a-l-C  hemoglobin 
level  (6.61  percent),  followed  by  enlisted  groundcrew  (6.58  percent),  then  officers  (6.33  percent). 
Participants  with  personality  type  B  had  a  higher  mean  a-l-C  hemoglobin  level  than  did  participants  with 
personality  type  A  (6.57  percent  versus  6.36  percent).  Participants  with  a  family  history  of  diabetes  had  a 
higher  mean  a-l-C  hemoglobin  level  than  did  participants  with  no  family  history  of  diabetes  (6.73 
percent  versus  6.40  percent). 

The  discrete  form  of  a-l-C  hemoglobin  paralleled  the  continuous  analysis.  Age  (p=0.001),  race 
(p=0.001),  occupation  (p=0.002),  personality  type  (p=0.001),  body  fat  (p=0.001),  and  family  history  of 
diabetes  (p=0.001)  were  all  significantly  associated  with  a-l-C  hemoglobin  in  the  tests  of  covariate 
association.  The  covariate  categories  with  the  highest  mean  levels  also  had  the  greatest  percentage  of 
abnormal  high  a-l-C  hemoglobin  levels. 

Total  testosterone  in  its  continuous  form  decreased  with  age  and  body  fat  (p<0.001  each).  Occupation 
also  was  significant  (p=0.043).  Officers  had  the  lowest  mean  total  testosterone  level  (410.7  ng/dl), 
followed  by  enlisted  groundcrew  (429.7  ng/dl),  then  enlisted  flyers  (433.4  ng/dl). 
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Tests  of  covariate  association  for  total  testosterone  in  its  dichotomous  form  showed  body  fat  to  be 
significant  (p=0.001).  Obese  participants  had  a  higher  percentage  of  low  testosterone  levels  than  did  lean 
or  normal  participants  (15.3%  versus  4.7%). 

Free  testosterone  in  its  continuous  form  decreased  with  age  and  body  fat  (pcO.OOl  each).  Occupation 
(pcO.OOl)  and  personality  type  (p=0.001)  also  were  significant.  Officers  had  the  lowest  mean  free 
testosterone  level  (13.12  pg/ml),  followed  by  enlisted  flyers  (13.99  pg/ml),  then  enlisted  groundcrew 
(14.65  pg/ml).  Participants  with  type  B  personalities  had  a  lower  mean  free  testosterone  level  than  did 
participants  with  type  A  personalities  (13.68  pg/ml  versus  14.37  pg/ml).  Free  testosterone  in  its  discrete 
form  decreased  significantly  with  age  (p=0.001)  and  body  fat  (p=0.002). 

Both  the  continuous  and  discrete  forms  of  estradiol  were  significantly  associated  with  race  (p=0.008  and 
p=0.013,  respectively).  Black  participants  had  a  higher  mean  estradiol  level  as  well  as  a  higher 
percentage  of  high  estradiol  values  than  non-Blacks.  The  mean  estradiol  level  was  44.26  pg/ml  for 
Blacks  and  40.15  pg/ml  for  non-Blacks.  For  Blacks,  37.5  percent  had  high  estradiol  levels,  whereas  27.0 
percent  of  non-Blacks  had  high  estradiol  levels. 

LH  in  both  its  continuous  and  discrete  forms  increased  significantly  with  age  (p<0.001  and  p=0.001, 
respectively). 

FSH  in  its  continuous  form  increased  significantly  with  age  (pcO.OOl).  Occupation  was  also  significantly 
associated  with  FSH  (p=0.008).  Officers  had  the  highest  mean  FSH  level  (6.31  mlU/ml),  followed  by 
enlisted  flyers  (6.00  mlU/ml),  then  enlisted  groundcrew  (5.75  mlU/ml). 

Similarly,  FSH  in  its  dichotomous  form  was  significantly  associated  with  age  (p=0.001)  and  occupation 
(p=0.001).  Older  participants  had  a  greater  percentage  of  high  FSH  values  (1 1.2%)  than  did  younger 
participants  (4.0%).  Officers  had  the  highest  percentage  of  high  FSH  results  (10.4%),  followed  by 
enlisted  flyers  (9.2%),  then  enlisted  groundcrew  (5.5%). 

16.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analysis  of  the  dependent  variables  shown  in  Table 
16-1.  Four  models  were  examined  for  each  dependent  variable.  The  analyses  of  these  models  are 
presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2  and  7, 
respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 

Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and  in 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (49). 
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Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories.  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  The  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

16.2.2.1  Medical  Records  Variables 

16.2.2.1.1  Past  Thyroid  Disease 

All  unadjusted  and  adjusted  analyses  for  Models  1  through  4  were  nonsignificant  (Table  16-3(a-h): 
p>0.17  for  each  analysis). 


Table  16-3.  Analysis  of  Past  Thyroid  Disease 

(a)  MObEL  1:  RAN<>H 


iiSiiliil 

..//7/Yes— ■  / 

}  %  1  Est  Relative  Risk  ,  *  $3 

All 

Ranch  Hand 

863 

65  (7.5) 

0.89  (0.64,1.22) 

0.456 

Comparison 

1,246 

105  (8.4) 

Officer 

Ranch  Hand 

338 

29  (8.6) 

0.91  (0.56,1.48) 

0.704 

Comparison 

492 

46  (9.3) 

Enlisted  Flyer 

Ranch  Hand 

150 

15  (10.0) 

1.37  (0.64,2.94) 

0.415 

Comparison 

187 

14  (7.5) 

Enlisted 

Ranch  Hand 

375 

21  (5.6) 

0.69  (0.40,1.18) 

0.171 

Groundcrew 

Comparison 

567 

45  (7.9) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COM3 

PARISONS- ADJUSTED 

*.  ?  *  *  *  H.  tj  T/  *  *  ,  ,  J 

§18^^ 

Occupational  Category  - 

^^i^)R|la^ye..R«k  j  jgfg| :  t 

n-Vfllne 

All 

0.89  (0.64,1.22) 

0.459 

Officer 

0.91  (0.56,1.48) 

0.701 

Enlisted  Flyer 

1.37  (0.64,2.94) 

0.419 

Enlisted  Groundcrew 

0.70(0.41,1.19) 

0.189 
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Table  16-3.  Analysis  of  Past  Thyroid  Disease  (Continued) 


<c)M0'DEU2:  RANCH  HANDS -INITIAL  DIOXIN 

-  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Number  (%) 

Initial  Dioxin  n  Yes 

I  Estimated  Relative  Risk 

(95%  C.l.)h  ; ;  :  '  p- Value 

Low  160  12(7.5) 

Medium  160  9  (5.6) 

High  158  14  (8.9) 

1.13(0.88,1.45)  0.360 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


KAN<  H  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

'  Aria|y^fe;Resiilts' for Xxjgi:' 0mtial  XMoxiii)  Jj|JJ 

n 

(95%  C.I.)a 

477 

1.20  (0.88,1.64) 

0.245 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3;  RANCH 

HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNApjUSTED  |  j 

Number  (%) 

^S'’l^uEsfc  Relative  Risk'  • 

g||| 

Yes  . 

(95%  C.!.)"11 

Comparison 

1,208 

102  (8.4) 

Background  RH 

378 

30  (7.9) 

0.97  (0.64,1.49) 

0.906 

Low  RH 

237 

15  (6.3) 

0.73  (0.41,1.27) 

0.263 

High  RH 

241 

20  (8.3) 

0.94  (0.57,1.56) 

0.825 

Low  plus  High  RH 

478 

35  (7.3) 

0.83  (0.55,1.24) 

0.362 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-3.  Analysis  of  Past  Thyroid  Disease  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

Hljlpf  Adjusted  RelativeRisk  :,i ■ •  i;  R -i 

(95  %  C.I.)a 

t§®.  f |  p-Value  III! 

Comparison 

Background  RH 

1,208 

376 

0.92  (0.60,1.42) 

0.707 

Low  RH 

237 

0.70  (0.40,1.22) 

0.209 

High  RH 

240 

1.07(0.64,1.81) 

0.792 

Low  plus  High  RH 

477 

0.87  (0.57,1.30) 

0.490 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS-  1987  DIOXIN -UNADJUSTED 

Number  (%) 

1987  Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

1.01  (0.85,1.20)  0.892 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

. :  .  ■ ::  - — — LLiL . : 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

853  1.10(0.89,1.36)  0.358 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


1 6.2.2. 1.2  Composite  Diabetes  Indicator 

The  composite  diabetes  indicator  variable  was  a  dichotomous  classification  of  whether  a  participant  was 
considered  diabetic  or  not.  A  participant  with  a  verified  history  of  diabetes  or  a  postprandial  glucose  level 
of  greater  than  or  equal  to  200  mg/dl  was  considered  diabetic  for  these  analyses. 

The  Model  1  unadjusted  and  adjusted  analyses  did  not  show  a  significant  difference  in  the  number  of 
diabetic  participants  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each 
occupational  stratum  (Table  16-4(a,b):  p>0.49  for  each  analysis). 
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Table  16-4.  Analysis  of  Composite  Diabetes  Indicator 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

J:  Groil^  1 §  L  | 

Number  (%) 
Diabetic 

Est  Relative  Risk 
(95%  CL) 

p- Value 

All 

Ranch  Hand 

859 

145  (16.9) 

0.99  (0.79,1.25) 

0.960 

Comparison 

1,232 

209  (17.0) 

Officer 

Ranch  Hand 

337 

52  (15.4) 

1.08  (0.73,1.59) 

0.709 

Comparison 

490 

71  (14.5) 

Enlisted  Flyer 

Ranch  Hand 

148 

27  (18.2) 

0.86  (0.50,1.48) 

0.583 

Comparison 

184 

38  (20.7) 

Enlisted 

Ranch  Hand 

374 

66  (17.6) 

0.98  (0.70,1.38) 

0.915 

Groundcrew 

Comparison 

558 

100  (17.9) 

RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

Adjusted  Relative  Risk 

upational  Category  f  j|  fjg 

p- Value 

All 

1.04(0.81,1.33) 

0.755 

Officer 

1.08  (0.72,1.63) 

0.711 

Enlisted  Flyer 

0.82  (0.45,1.47) 

0.498 

Enlisted  Groundcrew 

1.11  (0.77,1.61) 

0.572 

(c)  MODEL  2:  F 

ANCH  HANI 

)S- INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Di 

oxiri  Category  ^ 

5Umniar5^Statis5tics|  &  '§^ 

Analysis  Results  for  Log2  (Initial  Dioxin)1* 

::  Number  (%) 

Estimated  Relative  Risk 

;  Diabetic 

■  (95%  C.I.)b  p- Value 

Low 

157 

32  (20.4) 

1.11  (0.94,1.32)  6.231 

Medium 

158 

35  (22.2) 

High 

160 

39  (24.4) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  16-4.  Analysis  of  Composite  Diabetes  Indicator  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

Diabetic  (95%  C.I.)ab 

IliM- ®ti  Hi 

Comparison 

1,195 

199  (16.7) 

Background  RH 

379 

37  (9.8)  0.67  (0.45,0.98) 

0.041 

Low  RH 

235 

49(20.9)  1.27(0.88,1.84) 

0.202 

High  RH 

240 

57(23.8)  1.33  (0.94,1.90) 

0.111 

Low  plus  High  RH 

475 

106(22.3)  1.30(0.99,1.72) 

0.064 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <;  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH 

HANDS  AND  C< 

3MPARISONS  BY  DIOXIN  CATEGORY  - 

adjusted  fj  |  f ! 

Adjusted  Relative  Risk 
■  (95%  C.I.)a 

isiiiisii iiiiiii 

Comparison 

1,183 

Background  RH 

375 

0.69  (0.46,1.02) 

0.065 

Low  RH 

232 

1.22(0.83,1.79) 

0.311 

High  RH 

238 

1.47(1.00,2.17) 

0.048 

Low  plus  High  RH 

470 

1.34(1.00,1.80) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


/%(g)^DEL4:  K  + 

Anialysls  Resullts  for  Log-.  (1^87  Dioxin  4- 1)  f  4  J 1 

Estimated  Relative  Risk 

Low  286  22  (7.7) 

Medium  284  54(19.0) 

High  284  67  (23.6) 

1.35(1.20,1.52)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


16-20 


Table  16-4.  Analysis  of  Composite  Diabetes  Indicator  (Continued) 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 
Hi  |  I  •  Adjusted  Relative  Risk 
(95%C.I.)a 


p-Value 


845 


1.43(1.21,1.68) 


<0.001 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  did  not  reveal  a  significant  relation  between  initial  dioxin  and  the 
percentage  of  diabetic  participants  (Table  16-4(c):  p=0.231).  After  adjusting  for  covariates,  the  results 
became  significant  (Table  16-4(d):  Adj.  RR=1.36,  p=0.005).  The  percentages  of  diabetic  participants  in 
the  low,  medium,  and  high  initial  dioxin  categories  were  20.4,  22.2,  and  24.4,  respectively. 

The  unadjusted  Model  3  analysis  of  the  composite  diabetes  indicator  revealed  significant  differences 
between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons,  as  well  as  between  Ranch 
Hands  in  the  low  plus  high  dioxin  category  and  Comparisons  (Table  16-4(e):  Est.  RR=0.67,  p=0.041; 
Est.  RR=1.30,  p=0.064,  respectively).  After  adjusting  for  covariates,  three  significant  contrasts  were 
revealed:  Ranch  Hands  in  the  background  dioxin  category  versus  Comparisons  (Table  16-4(f): 

Adj.  RR=0.69,  p=0.065).  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  (Table  16-4(f): 
Adj.  RR=1.47,  p=0.048),  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus  Comparisons 
(Table  16-4(f):  Adj.  RR=1.34,  p=0.049).  The  percentage  of  diabetic  Comparisons  was  16.7,  versus  9.8 
percent  for  Ranch  Hands  in  the  background  dioxin  category,  23.8  percent  of  Ranch  Hands  in  the  high 
dioxin  category,  and  22.3  percent  for  Ranch  Hands  in  the  low  plus  high  dioxin  category. 

The  unadjusted  and  adjusted  Model  4  analyses  each  revealed  a  significant  positive  association  between 
1987  dioxin  and  the  percentage  of  diabetic  participants  (Table  16-4(g,h):  Est.  RR=1.35,  p<0.001; 

Adj.  RR=1.43,  p<0.001,  respectively).  The  percentages  of  diabetic  participants  in  the  low,  medium,  and 
high  1987  dioxin  categories  were  7.7,  19.0,  and  23.6,  respectively. 

16.2.2. 1. 3  Diabetic  Severity 

The  unadjusted  Model  1  analysis  of  diabetic  severity  revealed  marginally  significant  or  significant 
differences  between  the  percentage  of  Ranch  Hands  and  Comparisons  taking  oral  hypoglycemics  (Table 
16-5(a):  Est.  RR=0.71,  p=0.097)  and  requiring  insulin  (Table  16-5(a):  Est.  RR=2.04,  p=0.026).  The 
percentage  of  participants  taking  oral  hypoglycemics  was  4.4  for  Ranch  Hands  versus  6.3  for 
Comparisons.  The  percentage  of  participants  requiring  insulin  in  the  Ranch  Hand  group  was  2.8  versus 
1.4  in  the  Comparison  group.  Stratifying  by  occupation  revealed  a  marginally  significant  difference 
between  the  percentage  of  Ranch  Hand  and  Comparison  officers  requiring  insulin  (Table  16-5(a):  Est. 
RR=2.53,  p=0.054).  For  Ranch  Hand  officers,  3.6  percent  required  insulin  versus  1.4  percent  for 
Comparison  officers.  After  adjusting  for  covariates,  a  significant  difference  in  the  percentage  of  Ranch 
Hands  and  Comparisons  requiring  insulin  was  observed  (Table  16-5(b):  Adj.  RR=2.20,  p=0.017).  In 
addition,  marginally  significant  differences  were  seen  between  the  percentage  of  Ranch  Hands  and 
Comparisons  requiring  insulin  in  both  the  officer  stratum  and  the  enlisted  groundcrew  stratum  (Table  16- 
5(b):  Adj.  RR=2.39,  p=0.074;  Adj.  RR=2.52,  p=0.084,  respectively). 

The  unadjusted  Model  2  analysis  of  diabetic  severity  did  not  reveal  a  significant  relation  between  initial 
dioxin  and  the  severity  of  diabetes  (Table  16-5(c):  p>0.25  for  each  contrast).  After  adjusting  for 
covariates,  the  percentage  of  Ranch  Hands  taking  oral  hypoglycemic  and  requiring  insulin  was  associated 
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significantly  with  initial  dioxin  (Table  16-5(d):  Adj.  RR=1.41,  p=0.062  for  oral  hypoglycemics;  Adj. 
RR=2.47,  p=0.001  for  requiring  insulin).  The  percentages  of  Ranch  Hands  taking  oral  hypoglycemics  in 
the  low,  medium,  and  high  initial  dioxin  categories  were  5.1,  6.3,  and  8.8,  respectively.  The  percentages 
of  participants  requiring  insulin  in  the  low,  medium,  and  high  initial  dioxin  categories  were  2.5,  3.8,  and 
3.8,  respectively. 

The  Model  3  unadjusted  analysis  revealed  a  significant  difference  between  the  percentage  of  Ranch 
Hands  in  the  background  dioxin  category  and  Comparisons  who  took  oral  hypoglycemics  to  control 
diabetes  (Table  16-5(e):  Est.  RR=0.27,  p=0.006).  For  Ranch  Hands  in  the  background  dioxin  category, 
1.3  percent  used  oral  hypoglycemics  versus  6.0  percent  of  Comparisons.  Three  Ranch  Hand  dioxin 
categories  were  significantly  different  from  the  Comparisons  in  the  percentage  of  participants  requiring 
insulin:  Ranch  Hands  in  the  low  dioxin  category  versus  Comparisons  (Table  16-5(e):  Est.  RR=2.43, 
p=0.042),  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  (Table  16-5(e):  Est.  RR=2.40, 
p=0.046),  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus  Comparisons  (Table  16-5(e): 

Est.  RR=2.41,  p=0.013).  The  percentages  of  requiring  insulin  Ranch  Hands  in  the  low  dioxin  category, 
high  dioxin  category,  and  low  plus  high  dioxin  category  were  3.4,  3.3,  and  3.4,  respectively,  versus  1.4 
percent  for  Comparisons. 

The  adjusted  Model  3  analysis  revealed  a  marginally  significant  difference  between  the  percentage  of 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  who  used  diet  only  to  control  diabetes  (Table 
16-5(f):  Adj.  RR=2.32,  p=0.089).  For  Ranch  Hands  in  the  high  dioxin  category,  2.9  percent  used  diet 
alone  to  treat  their  diabetes  versus  1.4  percent  of  Comparisons.  A  significant  difference  between  the 
percentage  of  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  who  took  oral 
hypoglycemics  was  observed  (Table  16-5(f):  Adj.  RR=0.28,  p=0.008).  Three  Ranch  Hand  dioxin 
categories  were  significantly  different  from  the  Comparisons  in  the  percentage  of  participants  that 
required  insulin:  Ranch  Hands  in  the  low  dioxin  category  (Table  16-5(f):  Adj.  RR=2.41,  p=0.050), 
Ranch  Hands  in  the  high  dioxin  category  (Table  16-5(0:  Adj.  RR=3.46,  p=0.009),  and  Ranch  Hands  in 
the  low  plus  high  dioxin  category  (Table  16-5(0:  Adj.  RR=2.90,  p=0.004). 

The  unadjusted  Model  4  analysis  of  diabetic  severity  revealed  a  significant  positive  association  between 
1987  dioxin  and  the  percentage  of  diabetics  who  used  no  treatment  for  diabetes  (Table  16-5(g): 

Est.  RR=1.28,  p=0.010).  A  positive  association  between  1987  dioxin  and  the  percentage  of  diabetics 
using  oral  hypoglycemics  also  was  observed  (Table  16-5(g):  Est.  RR=1.58,  p<0.001).  Adjusting  for 
covariates  revealed  significant  or  marginally  significant  positive  associations  with  1987  dioxin  for  all  four 
contrasts:  no  treatment  (Table  16-5(h):  Adj.  RR=1.23,  p=0.097),  diet  only  (Table  16-5(h): 

Adj.  RR=1.49,  p=0.048),  oral  hypoglycemic  (Table  16-5(h):  Adj.  RR=1.85,  p<0.001),  and  requiring 
insulin  (Table  16-5(h):  Adj.  RR=1.38,  p=0.084). 
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Table  16-5.  Analysis  of  Diabetic  Severity 


(a)  MODEL 

1 :  RANCH  HANDS  VS.  COMPARISONS  —  UN/ 

iDJUSTE 

D 

:  v':  ::i  PH-  - 

m  I®-  -i  as-;  s®:; 

-■;■■■  gftjg  .  .  -  i  jj  h.: 

lllllll 

-V;  £=t 

.  \  Nu 

mber  (%) 

r:V 

SSPRiiS 

WSm 

IsS* **■ 

|  V** 

M  mi  ,  ■ 

’  >  (i-  ;  / !'  ■ 

(  1st;  Relative 

:no 

Diet 

Hypo- 

RMjnirirife 

Gontrflsf  vs,  *■ 

Risk 

„  Category 

5  J  ,v.A;;i@r 

n. 

iNphdiabetic  T 

■  <w«.. j'-M:  *  1  -  •  -  ip-xii 

-eatment 

... v:. :f 

Only  i 

glycemic  | 

Insulin 

,  (95%  CM.) 

UBiliiii 

All 

Ranch  Hand 

859 

730  (85.0) 

49(5.7) 

18  (2.1) 

38  (4.4) 

24(2.8) 

No  Treatment 

1.07(0.73,1.57) 

0.721 

Comparison 

1,232 

1,054  (85.6) 

66(5.4) 

18  (1.5) 

77(6.3) 

17(1.4) 

Diet  Only 

Oral  Hypo- 

1.44(0.75,2.79) 

0.275 

glycemic 

Requiring 

0.71  (0.48,1.06) 

0.097 

Insulin 

2.04(1.09,3.82) 

0.026 

Officer 

Ranch  Hand 

337 

289  (85.8) 

16  (4.7) 

8  (2.4) 

12  (3.6) 

12  (3.6) 

No  Treatment 

0.94  (0.49,1.80) 

0.859 

Comparison 

490 

426  (86.9) 

25  (5.1) 

6(1.2) 

26  (5.3) 

7(1.4) 

Diet  Only 

Oral  Hypo- 

1.97  (0.67,5.72) 

0.215 

glycemic 

Requiring 

0.68  (0.34,1.37) 

0.281 

Insulin 

2.53  (0.98,6.50) 

0.054 

Enlisted 

Ranch  Hand 

148 

125  (84.5) 

9(6.1) 

2(1.4) 

9(6.1) 

3  (2.0) 

No  Treatment 

0.78  (0.33,1.87) 

0.579 

Flyer 

Comparison 

184 

152  (82.6) 

14  (7.6) 

2(1.1) 

12  (6.5) 

4  (2.2) 

Diet  Only 

Oral  Hypo- 

1.22  (0.17,8.76) 

0.846 

glycemic 

Requiring 

0.91  (0.37,2.23) 

0.840 

Insulin 

0.91  (0.20,4.15) 

0.905 

Enlisted 

Ranch  Hand 

374 

316(84.5) 

24  (6.4) 

8(2.1) 

17  (4.5) 

9  (2.4) 

No  Treatment 

1.34  (0.76,2.36) 

0.314 

Groundcrew 

Comparison 

558 

476  (85.3) 

27  (4.8) 

10(1.8) 

39  (7.0) 

6(1.1) 

Diet  Only 

Oral  Hypo- 

1.21  (0.47,3.09) 

0.697 

glycemic 

Requiring 

0.66  (0.37,1.18) 

0.160 

Insulin 

2.26  (0.80,6.41) 

0.125 
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Table  16-5.  Analysis  of  Diabetic  Severity  (Continued) 


(b)  MODEL  Is  RANCH  HANDS  VS.  COMPARISONS  — 

ADJUSTED 

.  v  1  ;  ;  ...  •;  .  = 

Contrast  vs.  Nondiabetic 

Adj.  Relative  Risk 

: :•  •  • ' . 

Occupational  Category 

(95%  C.I.) 

p- Value 

All 

No  Treatment 

1.10(0.74,1.62) 

0.642 

Diet  Only 

1.52  (0.78,2.96) 

0.219 

Oral  Hypoglycemic 

0.73  (0.48,1.11) 

0.137 

Requiring  Insulin 

2.20(1.15,4.20) 

0.017 

Officer 

No  Treatment 

0.96  (0.50,1.86) 

0.902 

Diet  Only 

2.04  (0.69,5.99) 

0.195 

Oral  Hypoglycemic 

0.68  (0.33,1.39) 

0.288 

Requiring  Insulin 

2.39  (0.92,6.20) 

0.074 

Enlisted  Flyer 

No  Treatment 

0.71  (0.29,1.72) 

0.445 

Diet  Only 

1.09  (0.15,7.93) 

0.931 

Oral  Hypoglycemic 

0.75  (0.29,1.91) 

0.544 

Requiring  Insulin 

1.22  (0.24,6.24) 

0.811 

Enlisted  Groundcrew 

No  Treatment 

1.48  (0.83,2.66) 

0.185 

Diet  Only 

1.32  (0.51,3.41) 

0.572 

Oral  Hypoglycemic 

0.76  (0.41,1.41) 

0.384 

Requiring  Insulin 

2.52  (0.88,7.23) 

0.084 
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Table  16-5.  Analysis  of  Diabetic  Severity  (Continued) 


—  INITIAL  DIOXIN 

—  UNADJUSTED 

.  .  '  i  :  .  ■ 

ping 

iMSi 

r|gppf|| 

WtSm  si 

Aviv’;*, 

i'-i'  4 

Initial  Dioxin  Category  Summary  Statistics 
?>  Number  (%) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

No 

Treatment 

Diet 

ilflS 

Oral  ggSlgl: 
Hypoglycemic 

Requiring 

Insulin 

Contrast  vs. 
Nondiabetic 

EsL  Relative 

Risk  (95%  C.I.)b 

p-Value 

Low 

157 

131  (83.4) 

11  (7.0) 

3(1.9) 

8(5.1) 

4(2.5) 

No  Treatment 

1.14  (0.87,1.49) 

Medium 

158 

128  (81.0) 

9(5.7) 

5  (3.2) 

6  (3.8) 

Diet  Only 

1.12(0.74,1.71) 

High 

160 

124  (77.5) 

12  (7.5) 

4(2.5) 

14  (8.8) 

6(3.8) 

Oral  Hypoglycemic 

1.13(0.87,1.48) 

Requiring  Insulin 

1.23  (0.86,1.76) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL 

2:  RANCH  HANDS  —  INITIAL  DIOXIN  ADJUS1 

T7TV  ^ 

m 

„ 

: 

Analysis  Results  f 

or  I.og2  (Initial  Dioxin) 

Contrast  vs.  Nondiabetic  Adj, 

asted  Relative  Risk  (95%  C.I.)» 

p-Value 

470 

No  Treatment 

1.29(0.93,1.78) 

0.121 

Diet  Only 

1.25(0.74,2.11) 

0.411 

Oral  Hypoglycemic 

1.41  (0.98,2.01) 

0.062 

Requiring  Insulin 

2.47  (1.43,4.25) 

0.001 

“Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  16-5.  Analysis  of  Diabetic  Severity  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

Number  (%) 

.  n 

Nondiabetic 

No 

Treatment 

Diet 

Only 

Oral 

Hypoglycemic 

Requiring 

Insulin 

Comparison 

1,195 

1,026  (85.9) 

63  (5.3) 

17(1.4) 

72  (6.0) 

17(1.4) 

Background  RH 

379 

344  (90.8) 

16  (4.2) 

6(1.6) 

5(1.3) 

8  (2.1) 

Low  RH 

235 

195  (83.0) 

13  (5.5) 

5(2.1) 

14  (6.0) 

8  (3.4) 

High  RH 

240 

188  (78.3) 

19  (7.9) 

7  (2.9) 

18(7.5) 

8  (3.3) 

Low  plus  High  RH 

475 

383  (80.6) 

32  (6.7) 

12  (2.5) 

32  (6.7) 

16  (3.4) 

t  L  i!  m 

Contrast  vs.  IS 

fondiabetic 

No  Treatment 

Oral 

^JfeLsRelStive^  “VJ! 

Risk 

Est.  Relative 
■  ■  Risk 

Est  Relative 

>j^»r^r"Risk'  V  ':1  v- 

.  -  J  -- - s 

|  Esit  Relative 

r  l  Mk 

ppilisil 

Dioxin  Category  |  .1 

p-.Yalue 

(95%  C.I.)8b  p- Value 

%f@5%  C.I.)"b 

.'p^Yaluerv;- 

(95%  C.I.)"b  : 

msm 

Comparison 

Background  RH 

0.91  (0.51,1.61) 

0.749 

1.23(0.48,3.17)  0.668 

0.27  (0.11,0.69) 

0.006 

1.55  (0.66,3.63) 

0.318 

Low  RH 

1.04(0.55,1.94) 

0.912 

1.49(0.54,4.11)  0.437 

0.92  (0.49,1.72) 

0.795 

2.43(1.03,5.72) 

0.042 

High  RH 

1.43  (0.83,2.47) 

0.202 

2.00(0.81,4.92)  0.131 

1.08  (0.61,1.91) 

0.799 

2.40(1.02,5.65) 

0.046 

Low  plus  High  RH 

1.22  (0.77,1.92) 

0.394 

1.73(0.81,3.70)  0.156 

1.00  (0.63,1.58) 

0.988 

2.41  (1.20,4.83) 

0.013 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-5.  Analysis  of  Diabetic  Severity  (Continued) 


COMPARISONS  BY  PIOXIN  CAWWRY—  ADJUSTED  . 


iff -;:  | Sj|i| '  ■■"  §i 


y  ■ 


'  '  ■ 


No  Treatment" vs:  Nondiabetic 


■Dioxin  Category 


SMCIS®||SiS| 


p- Value 


Adj:  Relative  Risk 

- : ;  (95%  C.I.)  '  :  p- Value 


Comparison  1,183 

Background  RH  375  0.92(0.51,1.65)  0.771 

Low  RH  232  0.95(0.50,1.80)  0.878 

High  RH  238  1.58(0.89,2.81)  0.122 

Low  plus  High  RH  470  1.23(0.77,1.95)  0.385 

1.24(0.47,3.30)  0.661 

1.55(0.55,4.34)  0.408 

2.32(0.88,6.12)  0.089 

1.90(0.87,4.15)  0.108 

L  Oral  Hypoglycemic  vs.  Nondiabetic  Requiring  Insulin  vs.  Nondiabetic  ( 

Adj.  Relative  Risk 

Dioxin  Category  »  (95%  C-I.r'  P' Value 

illjljlll  WBSM  !||||^||||||B||1 

Comparison  1,183 

Background  RH  375  0.28  (0.1 1,0.71)  0.008 

Low  RH  232  0.89(0.46,1.71)  0.726 

High  RH  238  1.17(0.63,2.18)  0.624 

Low  plus  High  RH  470  1.02(0.63,1.65)  0.931 

1.42(0.59,3.45)  0.435 

2.41  (1.00,5.82)  0.050 

3.46(1.36,8.81)  0.009 

2.90(1.40,5.99)  0.004 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-5.  Analysis  of  Diabetic  Severity  (Continued) 


1987  DIOXIN  —  UNADJUSTED 

■>  -  -  ,7  ■  .  •7  7 : 

77  ■.  :77v  .77777  ' 

• .  ■  ■ 

■ 

^77777:7 

‘ ' 

EtBfr:;  ^v;* 
Bfew 

Ira 

jj|j| 

.1987  Dioxin  Category  Summary  Statistics 

Number  (%) 

PUIpg&g 

Analysis  Results  for  Log2  (1987  Dioxin  +l)a 

77,  7  7;  -  ;  1  7*  : 

tgtfis£  m 
smmmm  i 

No 

Treatment 

Diet 

Only 

Oral 

Hypoglycemic 

Requiring 

Insulin 

Contrast  vs. 
^gNoridiabetic  :  7 

Est  Relative 
Risk  (95%  C.I*)a 

p»Value 

Low 

286 

264  (92.3) 

11  (3.8) 

3(1.1) 

6(2.1) 

No  Treatment 

1.28(1.06,1.55) 

jj^H 

Medium 

284 

239  (84.2) 

17  (6.0) 

8  (2.8) 

12  (4.2) 

8  (2.8) 

Diet  Only 

1.27  (0.94,1.72) 

High 

284 

224  (78.9) 

8  (2.8) 

10  (3.5) 

Oral  Hypoglycemic 

1.58(1.28,1.94) 

Requiring  Insulin 

1.15(0.87,1.50) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  —  1987  DIOXIN—  Ai)J  L 

■  '  '  777777  7  7  7  -7-77  ; :  •  .7:  7  7:,7.7  77 


7:  7  ■ 


. ™  A,V\->7-;.’v.7' 7\y'"\  V7-.-7  ’■  ,..-77  7 


.  .*. V.  .ji-  paSte  \ 77'"  .  1  ’.  i 


Contrast  vs.  Nondiabctic 


Adjusted  Relative  Kisk  (95%  C.I.V 


p-Value 


845 

No  Treatment 

1.23(0.96,1.58) 

0.097 

Diet  Only 

1.49  (1.00,2.20) 

0.048 

Oral  Hypoglycemic 

1.85(1.37,2.49) 

<0.001 

Requiring  Insulin 

1.38  (0.96,2.00) 

0.084 

Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


16.2.2.1.4  Time  to  Diabetes  Onset 


The  time  to  diabetes  onset  from  time  of  duty  in  SEA  did  not  differ  significantly  between  Ranch  Hands 
and  Comparisons  in  the  Model  1  unadjusted  and  adjusted  analyses  (Table  16-6(a,b):  p>0.39  for  each 
analysis). 


Table  16-6.  Analysis  of  Time  to  Diabetes  Onset  (years) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 

j  Coefficient  |§§§  |  f|f 
(Std.  Error)8 

j  1 1|||  p-^alue^  1  If  | 

All 

Ranch  Hand 

859 

0.018  (0.035) 

0.603 

Comparison 

1,232 

Officer 

Ranch  Hand 

337 

-0.008  (0.077) 

0.916 

Comparison 

490 

Enlisted  Flyer 

Ranch  Hand 

148 

0.064  (0.075) 

0.390 

Comparison 

184 

Enlisted  Groundcrew 

Ranch  Hand 

374 

0.015(0.041) 

0.715 

Comparison 

558 

a  Coefficient  and  standard  error  for  group  in  a  survival  time  analysis  model,  using  a  censored  Weibull  distribution. 
A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter  for  Ranch  Hands  than  for  Comparisons. 

’  P-value  based  on  the  group  coefficient  in  a  survival  time  analysis  model,  using  a  censored  Weibull  distribution. 


(b)  MODEL  1:  RANCH  I 

IpttXS  VS;  COM! 

PARISONS  —  ADJ 

USTED  -::vSI|IS6SfellS 

Adj.  Coefficient 

iilliillliiliii 

(Std.  Error)8 

AU 

Ranch  Hand 

850 

0.006  (0.035) 

0.871 

Comparison 

1,220 

Officer 

Ranch  Hand 

335 

-0.001  (0.079) 

0.993 

Comparison 

488 

Enlisted  Flyer 

Ranch  Hand 

145 

0.066  (0.077) 

0.390 

Comparison 

178 

Enlisted  Groundcrew 

Ranch  Hand 

370 

-0.018  (0.043) 

0.666 

Comparison 

554 

a  Coefficient  and  standard  error  for  group  in  a  survival  time  analysis  model,  using  a  censored  Weibull  distribution. 
A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter  for  Ranch  Hands  than  for  Comparisons. 
P-value  based  on  the  group  coefficient  in  a  survival  time  analysis  model,  using  a  censored  Weibull  distribution. 
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Table  16-6.  Analysis  of  Time  to  Diabetes  Onset  (years)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

k  IhitialDidxiiiCategory  Summary  Statistics  f  ' 

Analysis  Results  for  Log?  (Initial  Dioxin)3 

Initial  Dioxin  n 

Slope 

.  j  (Std.  Error)1*  p-Valiie 

Low  157 

Medium  158 

High  160 

-0.0214  (0.023)  0.356 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

b  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  in  a  survival  time  analysis 
model,  using  a  censored  Weibull  distribution.  A  negative  slope  implies  that  the  time  to  diabetes  onset  is  shorter  as 
initial  dioxin  increases. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Low  156 

Medium  154 

High  160 

-0.074  (0.030)  0.013 

a  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  in  a  survival  time  analysis 
model,  using  a  censored  Weibull  distribution.  A  negative  slope  implies  that  the  time  to  diabetes  onset  is  shorter  as 
initial  dioxin  increases. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
i  3&*RA^CH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  4- 


Dioxin  Category  n  (Std.  Error)*6  p- Value0 


Comparison 

1,195 

Background  RH 

379 

0.143  (0.058) 

Low  RH 

235 

-0.058  (0.051) 

0.254 

High  RH 

240 

-0.058  (0.048) 

0.233 

Low  plus  High  RH 

475 

-0.058  (0.039) 

0.134 

“Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

b  Coefficient  and  standard  error  for  Ranch  Hand  versus  Comparison  contrast  in  a  survival  time  analysis  model,  using 
a  censored  Weibull  distribution.  A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter  for  the 
Ranch  Hand  category  than  for  Comparisons. 

c  P- value  based  on  the  Ranch  Hand  versus  Comparison  contrast  in  a  survival  time  analysis  model,  using  a  censored 
Weibull  distribution. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-6.  Analysis  of  Time  to  Diabetes  Onset  (years)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

*  i *  Adj.  Coefficient  >  J <  i 

p-Va!ueb 

Comparison 

1,183 

Background  RH 

375 

0.134  (0.059) 

0.024 

Low  RH 

232 

-0.065  (0.052) 

0.214 

High  RH 

238 

-0.085  (0.051) 

Low  plus  High  RH 

470 

-0.075  (0.040) 

0.061 

a  Coefficient  and  standard  error  for  Ranch  Hand  versus  Comparison  contrast  in  a  survival  time  analysis  model,  using 
a  censored  Weibull  distribution.  A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter  for  the 
Ranch  Hand  category  than  for  Comparisons. 

b  P- value  based  on  the  Ranch  Hand  versus  Comparison  contrast  in  a  survival  time  analysis  model,  using  a  censored 
Weibull  distribution. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(«)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  ~  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

SiiiSK m 

(Std.  Error)8  p- Value 

Low  286 

Medium  284 

High  284 

-0.098  (0.021)  <0.001 

a  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (1987  dioxin  +  1)  in  a  survival  time  analysis 
model,  using  a  censored  Weibull  distribution.  A  negative  slope  implies  that  the  time  to  diabetes  onset  is  shorter  as 
1987  dioxin  increases. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


«  MODEL  4:  RANCH  HANDS  -  J9S7  DIOX.N  -  ADJUSTED 

Aiiah  sis  j®|§l  for  I  os; .1987  Dioxin  +1 ) 

1987  Dioxin  „ 

Adjusted  Slope 

(Std.  Error)8  :  p-Yalue  :  ■  :  ; 

Low  282 

Medium  283 

High  280 

-0.118(0.027)  <0.001 

a  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (1987  dioxin  +  1)  in  a  survival  time  analysis 
model,  using  a  censored  Weibull  distribution.  A  negative  slope  implies  that  the  time  to  diabetes  onset  is  shorter  as 
1987  dioxin  increases. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


16-31 


The  Model  2  unadjusted  analysis  did  not  reveal  a  significant  relation  between  initial  dioxin  and  time  to 
diabetes  onset  (Table  16-6(c):  p-0.356).  After  adjusting  for  covariates,  the  results  became  significant 
(Table  16-6(d):  adjusted  slope=-0.074,  p=0.013).  The  time  to  diabetes  onset  was  shorter  for  Ranch 
Hands  with  higher  initial  dioxin  levels. 

The  Model  3  unadjusted  and  adjusted  analyses  each  revealed  a  significant  difference  in  time  to  diabetes 
onset  between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  (Table  16-6(e,f): 
p=0.013,  unadjusted;  p=0.024,  adjusted).  The  time  to  diabetes  onset  was  significantly  longer  for  Ranch 
Hands  in  the  background  dioxin  category  than  for  Comparisons.  The  adjusted  Model  3  analysis  also 
revealed  two  other  marginally  significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus 
Comparisons  (Table  16-6(f):  p=0.100)  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus 
Comparisons  (Table  16-6(f):  p=0.061).  In  each  of  these  two  contrasts,  the  time  to  diabetes  onset  from 
time  of  duty  in  SEA  was  shorter  for  the  Ranch  Hand  category  than  for  the  Comparison  category. 

The  unadjusted  and  adjusted  Model  4  analyses  each  revealed  a  significant  association  between  time  to 
diabetes  onset  and  1987  dioxin  (Table  16-6(g,h):  slope=-0.098,  p<0.001;  adjusted  slope=-0.118, 
pcO.OOl,  respectively).  In  each  analysis,  the  time  to  diabetes  onset  was  shorter  for  Ranch  Hands  with 
higher  1987  dioxin  levels. 

16.2.2.2  Physical  Examination  Variables 
16.2.2.2.1  Thyroid  Gland 

All  unadjusted  and  adjusted  analyses  in  Models  1  through  4  showed  no  significant  associations  with 
dioxin  (Table  16-7(a-h):  p>0.11  for  each  analysis). 


Table  16-7.  Analysis  of  Thyroid  Gland 


mourn 

RANCH  HANDS  VS.  COMPARISONS  -UNAD JUST 

ED 

£*  Occupational 

lililPiiiliiiliiii  ■ 

Number  (%) 

Est.  Relative  Risk 

k  ?  Category 

JJlfll  Group  §|  Jgf|  | 

Abnormal 

p-Value  |||| 

All 

Ranch  Hand 

843 

6(0.7) 

0.53  (0.21,1.36) 

0.171 

Comparison 

1,203 

16  (1.3) 

Officer 

Ranch  Hand 

328 

4(1.2) 

0.52(0.16,1.63) 

0.260 

Comparison 

470 

11  (2.3) 

Enlisted  Flyer 

Ranch  Hand 

144 

1  (0.7) 

1.27  (0.08,20.41) 

0.868 

Comparison 

182 

1  (0.5) 

Enlisted 

Ranch  Hand 

371 

1  (0.3) 

0.37  (0.04,3.32) 

0.374 

Groundcrew 

Comparison 

551 

4  (0.7) 

IMI 

itea» 

mmmrn 

llpll§S|fjJ 

All 

0.54  (0.21,1.39) 

0.183 

Officer 

0.53(0.17,1.67) 

0.276 

Enlisted  Flyer 

1.23  (0.08,19.88) 

0.883 

Enlisted  Groundcrew 

0.38  (0.04,3.39) 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  thyroid  gland. 
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Table  16-7.  Analysis  of  Thyroid  Gland  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

i 

Analysis  Results  for  Log2  (Initial  Dioxin)3 

Number  (%)  ; 

Initial  Dioxin  n  Abnormal 

m  Estimated  Relative  Risk  If  111  iff  1  !1 1  ff  II 

(95%  C.I.)b  p-Value 

0.95  (0.32,2.81)  0.923 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

466  1.01  (0.32,3.17)  0.981 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  an 
abnormal  thyroid  gland. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Number  (%) 

1 1  *  Abnormal 

£  Est  Relative  Risk  f p| 

Comparison 

1,165 

16  (1.4) 

Background  RH 

369 

4(1.1) 

0.82  (0.27,2.47) 

0.718 

Low  RH 

233 

1  (0.4) 

0.31  (0.04,2.32) 

High  RH 

234 

1  (0.4) 

0.30  (0.04,2.27) 

Low  plus  High  RH 

467 

2(0.4) 

0.30  (0.07,1.32) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-7.  Analysis  of  Thyroid  Gland  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

jfjfpi  |  Adjusted  Relative  Risk  If 

n 

(95%  C.I.)a 

*  p-Value 

Comparison 

1,165 

Background  RH 

367 

0.65(0.21,2.01) 

0.457 

Low  RH 

233 

0.29  (0.04,2.19) 

High  RH 

233 

0.56  (0.07,4.62) 

Low  plus  High  RH 

466 

0.40  (0.09,1.81) 

0.234 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  an  abnormal  thyroid  gland. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

Siiimiiary.  Statistics  |1|SJ| 

Analysis  R^ulbsifor 'Log2''(1987'  0ioxiti^+ 

Number  (%) 

1987  Dioxin  n  Abnormal 

Estimated  Relative  Risk 

0.85  (0.47,1.51)  0.562 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIQXIN  - ADJUSTED 

§!  1  H§H  Analysis  Results  fplr  Log:2  (1987  Dioxin  + 1)  p§|  •*  | 

n  ■  ;(95%CX)a 

833  .  1.09(0.50,2.36) 

0.825 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormal  thyroid 
gland. 


16.2.2.2.2  Testicular  Examination 

The  unadjusted  and  adjusted  Model  1  and  2  analyses  of  testicular  examination  were  nonsignificant  (Table 
16-8(a-d):  p>0.10  for  each  analysis). 
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Table  16-8.  Analysis  of  Testicular  Examination 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

^Occupational 

!3i|iigi|ii| 

IS  ¥ 

77  n 

Number  (%) 
Abnormal 

Est.  Relative  Risk 

D||  |;||  i 

p- Value 

AH 

Ranch  Hand 

861 

39  (4.5) 

1.20  (0.78,1.85) 

0.409 

Comparison 

1,237 

47(3.8) 

Officer 

Ranch  Hand 

336 

16  (4.8) 

0.86  (0.45,1.62) 

0.635 

Comparison 

490 

27  (5.5) 

Enlisted  Flyer 

Ranch  Hand 

148 

9(6.1) 

1.42  (0.54,3.79) 

0.478 

Comparison 

184 

8  (4.3) 

Enlisted 

Ranch  Hand 

377 

14  (3.7) 

1.77  (0.81,3.87) 

0.152 

Groundcrew 

Comparison 

563 

12(2.1) 

Adjusted  Relative  Risk 

'liliiiiilliil 

Occupatipnal  Category 

||  Ifi  ||  §I§  P* Value  1  USIii  ! 

All 

1.20  (0.77,1.87) 

0.427 

Officer 

0.84  (0.44,1.62) 

0.611 

Enlisted  Flyer 

1.31  (0.48,3.55) 

0.595 

Enlisted  Groundcrew 

1.96  (0.88,4.39) 

0.101 

;;Si[iiiyL,1^:i^cii.HANDs;-  INITIAL  dioxin  -unadjusted 


piiiipiMtiM 

@W£S SIhSSS! 

iramary  Statistics  1  i 

J  i  Analysis  Results  for  Ldg2  (Ini ti al;Di oxi n)a  *  7  7  ’ 

:  '  7  ■■= 

‘'/f-  Number  (%)  -  ^  » 

Estimated  Relative  Risk 

Initial  Dioxin  7| 

Abnormal 

;  ■  g  ■  (95*  c.i.>h  gagg 

Low 

158 

10(6.3) 

0.93  (0.66,1.29) 

Medium 

162 

8  (4.9) 

High 

158 

6  (3.8) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

-  ■  .■  •  '  ,  -  (95%  C.I.)a _  p- Value 

_ 477 _ 1.08  (0.72,1.61) _ 0.714 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  16-8.  Analysis  of  Testicular  Examination  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number (%) 

Est  Relative  Risk 
:  (95%  C.I.)ab 

p- Value 

Comparison 

1,199 

47  (3.9) 

Background  RH 

376 

14  (3.7) 

0.89  (0.49,1.65) 

0.722 

Low  RH 

237 

15  (6.3) 

1.68  (0.92,3.06) 

0.091 

High  RH 

241 

9  (3.7) 

1.00  (0.48,2.07) 

0.994 

Low  plus  High  RH 

478 

24  (5.0) 

1.29  (0.77,2.16) 

0.333 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED  mi  | 

Dioxin  Category 

n 

sliilPiiiBilllilli 

Comparison 

1,199 

Background  RH 

374 

0.84  (0.45,1.58) 

0.594 

Low  RH 

237 

1.46  (0.78,2.71) 

High  RH 

240 

1.39  (0.63,3.03) 

0.415 

Low  plus  High  RH 

477 

1.42  (0.82,2.45) 

0.207 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


| J  | j  1#87  Dioxin  CategoryStinunary  Statistics  ,j 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

tjjgl  !f| . 

Estimated  Relative  Risk  :§ II |fPS  >  1  if  1 

1.01  (0.81,1.26)  0.903 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  16-8.  Analysis  of  Testicular  Examination  ( Continued ) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

n  (95%  C.I.)a 

p-Value 

851  1.09(0.82,1.44) 

0.545 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  the  percentage  of 
abnormal  testicular  examination  results  between  Ranch  Hands  in  the  low  dioxin  category  and 
Comparisons  (Table  16~8(e):  Est.  RR=1.68,  p=0.091).  The  percentage  of  participants  with  abnormal 
testicular  examination  results  for  Ranch  Hands  in  the  low  dioxin  category  was  6.3  versus  3.9  percent  for 
the  Comparisons.  After  covariate  adjustment,  the  results  were  not  significant  (Table  16-8(f):  p>0.20  for 
each  contrast). 

The  unadjusted  and  adjusted  Model  4  analyses  of  testicular  examination  were  not  significant  (Table 
16-8(g,h):  p>0.54  for  each  analysis). 

16.2.2.3  Laboratory  Examination  Variables 
16. 2. 2. 3. 1  TSH  ( Continuous ) 

The  unadjusted  Model  1  analysis  of  TSH  in  its  continuous  form  did  not  reveal  any  significant  mean 
differences  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each  occupational 
stratum  (Table  16-9(a):  p>0.13  for  each  contrast).  The  adjusted  analysis  showed  no  significant  overall 
group  difference  between  Ranch  Hands  and  Comparisons  (Table  16-9(b):  p=0.105).  Stratifying  the 
adjusted  analysis  by  occupation  revealed  a  marginally  significant  difference  between  Ranch  Hands  and 
Comparisons  in  the  enlisted  groundcrew  stratum  (Table  16-9(b):  difference  of  adjusted  means=0.1 1 
jilU/ml,  p=0.088).  The  adjusted  mean  TSH  level  for  Ranch  Hand  enlisted  groundcrew  was  1.71  plU/ml 
versus  1.60  plU/ml  for  Comparison  enlisted  groundcrew. 


Table  16-9.  Analysis  of  TSH  (|xlU/ml)  (Continuous) 


(a)  MODEL  1: 

^NCH  HANDS  tlNADJUSTEp  ||| J|gJ|  j 

Category 

m  upp 

(95%  CX)11 

All 

Ranch  Hand 

841 

1.88 

0.08- 

0.130 

Comparison 

1,199 

1.81 

Officer 

Ranch  Hand 

326 

2.01 

0.12- 

0.170 

Comparison 

468 

1.89 

Enlisted  Flyer 

Ranch  Hand 

144 

1.72 

-0.10- 

0.428 

Comparison 

182 

1.82 

Enlisted 

Ranch  Hand 

371 

1.84 

0.11  - 

0.139 

Groundcrew 

Comparison 

549 

1.73 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  16-9.  Analysis  of  TSH  (plU/ml)  (Continuous) 


(b)  MODEL!: 

RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

lilliulPIIIH 

IllllBiiiSiS 

Group 

Adjusted  ifl 
Mean8 

Difference  of  Adj.  Means 

|;f|  V 

p- Value9 

AU 

Ranch  Hand 

838 

1.64 

0.07 - 

0.105 

Comparison 

1,199 

1.57 

Officer 

Ranch  Hand 

325 

1.69 

0!0~ 

0.178 

Comparison 

468 

1.59 

Enlisted  Flyer 

Ranch  Hand 

143 

1.48 

-0.09  - 

0.370 

Comparison 

182 

1.58 

Enlisted 

Ranch  Hand 

370 

1.71 

0.11  - 

0.088 

Groundcrew 

Comparison 

549 

1.60 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


H  i  MODKI.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Slope 

R2  (Std.  Error)0  p- Value 

Low  157  1.94  1.94 

Medium  158  1.85  1.85 

High  152  1.78  1.78 

0.002  -0.015  (0.021)  0.475 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  -  ADJUSTED 

i|§f;  'Analysis  Resultsfor  Log*  (Initial  Dioxin)  ,> 

■■  '  ::  -V-  :  .  /■:  ■  ,  . 

1  jj  Initial  Dioxin  |  j|p|  n  g||||  g  Adj;Meap*iV^ 

R2  (Std.  Hrror)h  p-Valuc 

Low  157  1.53 

Medium  157  1.45 

High  152  1.39 

0.071  -0.019  (0.024)  0.433 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-9.  Analysis  of  TSH  (fxIU/ml)  (Continuous) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

-Mean|;-4 

j||  Adj.  Meanab 

Difference  of  Adj.  Mean 
f :  vs.  Comparisons 

BillllilB  lllllli 

p- Value 

Comparison 

1,161 

1.80 

1.80 

Background  RH 

367 

1.90 

1.91 

0.11  - 

0.129 

Low  RH 

233 

1.90 

1.89 

0.09  - 

0.273 

High  RH 

234 

1.82 

1.81 

0.01  - 

0.942 

Low  plus  High  RH 

467 

1.86 

1.85 

0.05  - 

0.446 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 

P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


<f>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATKOORY  -  ADJUSTED 

Difference  of  Adj,  Mean 

V$.  Comparisons 

Dioxin  Category 

Adj.  Mean® 

(95%  C.I.)1’ 

Itlllliglllll 

Comparison 

1,161 

1.57 

Background  RH 

365 

1.64 

0.07  - 

0.250 

Low  RH 

233 

1.64 

0.07  - 

0.292 

High  RH 

233 

1.62 

0.05  - 

0.454 

Low  plus  High  RH 

466 

1.63 

0.06  - 

0.237 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-9.  Analysis  of  TSH  ((ilU/ml)  (Continuous) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1)  „  ' 

1987  Dioxin  n  Mean3 

Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  278  1.88 

Medium  279  1 .98 

High  277  1.77 

<0.001  -0.000(0.015)  0.977 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


tjg!  Analysis  ResuItsf6rLog2  (1987  Dioxin  ||||||j||{il||| 

1987  Dioxin  n  Adj.  Mean3 

Adjusted  Slope 

R2  (Std.  Error)b  p- Value 

Low  276  1.53 

Medium  279  1.62 

High  276  1.48 

0.046  0.008  (0.017)  0.624 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Unadjusted  and  adjusted  analyses  for  Models  2,  3,  and  4  showed  no  significant  relations  between  TSH  in 
its  continuous  form  and  dioxin  (Table  16-9(c-h):  p>0.12  for  each  analysis). 

16.2.2.3.2  TSH  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  of  TSH  in  its  discrete  form  did  not  reveal  significant 
differences  across  all  occupations  (Table  16-10(a,b):  p>0.14  for  each  analysis).  After  stratifying  by 
occupation,  both  the  unadjusted  and  adjusted  analyses  revealed  significant  differences  in  the  percentage 
of  abnormal  high  TSH  values  between  Ranch  Hand  and  Comparison  enlisted  groundcrew  (Table 
16-10(a,b):  Est.  RR=2.06,  p=0.044;  Adj.  RR=2.11,  p=0.037,  respectively).  Of  the  Ranch  Hand  enlisted 
groundcrew,  5.1  percent  had  abnormally  high  TSH  values  versus  2.6  percent  of  the  Comparison  enlisted 
groundcrew. 

Unadjusted  and  adjusted  analyses  in  Models  2,  3,  and  4  did  not  show  significant  associations  between 
dioxin  and  TSH  in  its  discrete  form  (Table  16-10(c-h):  p>0.12  for  each  analysis). 
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Table  16-10.  Analysis  of  TSH  (Discrete) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  —  li.NAOJUi 

-  -  ■  ... 

5TED 

*  fO.  r  -  pi  . 

i..-4 

.Number 

mg! 

Abnormal  Low  vs. 

Normal  -v 

Abnormal  High  v 

s.  Normal- 

C  ■■  ■  ; 

■  ■ 

’-"A 

HiSU  Relative 

vaiegorv1; 

*J'.  - 

n 

Normal 

High 

v.  Risk  (95*%.  dip);,  s 

p-Value  : 

Risk  (95%  CX) 

All 

Ranch  Hand 

841 

10(1.2 ) 

795  (94.5) 

36(4.3) 

1.61  (0.65,3.98) 

0.301 

1.41  (0.88,2.25) 

0.149 

Comparison 

1,199 

9  (0.8) 

1,153  (96.2) 

37(3.1) 

Officer 

Ranch  Hand 
Comparison 

326 

468 

4(1.2) 

2  (0.4) 

308  (94.5) 

449  (95.9) 

14  (4.3) 
17  (3.6) 

2.92  (0.53,16.01) 

0.218 

1.20  (0.58,2.47) 

0.620 

Enlisted  Flyer 

Ranch  Hand 

144 

3(2.1) 

138  (95.8) 

3  (2.1) 

1.89  (0.31,11.48) 

0.488 

0.63  (0.15,2.57) 

0.519 

Comparison 

182 

2(1.1) 

174  (95.6) 

6  (3.3) 

Enlisted 

Ranch  Hand 

371 

3  (0.8) 

349  (94.1) 

19(5.1) 

0.91  (0.22,3.84) 

0.899 

2.06(1.02,4.16) 

0.044 

Groundcrew 

Comparison 

549 

5(0-9) 

530  (96.5) 

14  (2.6) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Abnormal  High  vs. '  N6|  ftpf 


Adj.  Relative  Risk 

(95%  C.I.)  p- Value 


1.42  (0.89,2.28)  0.140 

1.18(0.57,2.44)  0.648 

0.63(0.15,2.55)  0.513 

2.11  (1.04,4.28)  0.037 


Table  16-10.  Analysis  of  TSH  (Discrete)  (Continued) 


<c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Number  (%) 

£|S1|1S %  Analysis'  Results  for  Log2  (Initial  Dioxin)®  ?  J  ■**  IS  &  ^ 

Abnormal  Low  ys.  Normal  Abnormal  High  vs.  Normal 

Initial  Dioxin;  -  Abnormal  Abnormal 

Category  n  Low  Normal  High 

EsiRelativeRisk  f- K. 

(95%  C.I.)1’  :  -  p-Value 

.  1  "'EsL  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  157  1  (0.6)  150(95.5)  6(3.8) 

Medium  158  0(0.0)  154(97.5)  4(2.5) 

High  152  3  (2.0)  142  (93.4)  7  (4.6) 

1.40(0.73,2.71)  0.311 

1.27(0.89,1.79)  0.183 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


os 

I 

tO 


TIAL  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin) 


■■  ■ 

.  ... 


tormal  Low  vs.  jSfoi 


Abnormal  Highvs.Normal 


Adj.  Relative  Risk 


p^Value 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  occupation  and  personality  type  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormally  low  TSH  level. 
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Table  16-10.  Analysis  of  TSH  (Discrete)  (Continued) 


(e).MQJp3^  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


*  *  rs  rmi* 

Number  (%>) 

:  Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Jg  1 1  gpl  1 

Normal 

Abnormal 

High 

Est  Relative  Risk 
(95  %  C.I.)ab 

p- Value 

Est.  Relative  Risk 
(95%  C.I.)ob 

p- Value 

Comparison 

1,161 

9  (0.8) 

1,116(96.1) 

36  (3.1) 

Background  RH 

367 

6(1.6) 

344  (93.7) 

17  (4.6) 

2.27  (0.80,6.50) 

0.125 

1.46  (0.80,2.64) 

0.214 

Low  RH 

233 

1  (0.4) 

225  (96.6) 

7  (3.0) 

0.54  (0.07,4.31) 

0.564 

0.97  (0.43,2.22) 

0.951 

High  RH 

234 

3  (1.3) 

221  (94.4) 

10  (4.3) 

1.60  (0.43,6.02) 

0.485 

1.47  (0.72,3.02) 

0.294 

Low  plus  High  RH 

467 

4  (0.9) 

446  (95.5) 

17  (3.6) 

0.93  (0.25,3.48) 

0.919 

1.20  (0.66,2.17) 

0.553 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-10.  Analysis  of  TSH  (Discrete)  (Continued) 


(!)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

'  -  Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

PSPS 

Adj.  Relative  Risk  *■ 

; '  (95%  C.L)8  :  p-Valiie  ■  " 

Comparison  1,161 

Background  RH  365  2.33(0.79,6.87)  0.125 

Low  RH  233  0.52(0.06,4.15)  0.536 

High  RH  233  1.51  (0.39,5.91)  0.550 

Low  plus  High  RH  466  0.89  (0.24,3.33)  0.858 

1.43(0.78,2.62)  0.244 

0.98  (0.43,2.24)  0.963 

1.58(0.74,3.35)  0.236 

1.24(0.68,2.28)  0.481 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4=  RANCH  HANDS- 

1987  DIOXIN  |g  UNADJUSTED 

'"STS?. 

-  . 

/  ; 

1987  Dioxin  Category  Summary  Statistics 
: :  Number  (%) 

llllll 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

Abnormal  Low  ys.  Normal  Abnormal  High  vs.  Normal 

1987  Dioxin 
Category 

Abnormal 
High  - 

Est  Relative  Risk 
3!  (95%: 

p*Value 

IpEst.  Relative  Risk  -.-I 

3ll.C?5f  exy. 

Low 

Medium 

High _ 

278  4(1.4) 

279  3(1.1) 

277  3(1.1) 

260  (93.5) 

266  (95.3) 

264  (95.3) 

WSS&iWi 

0.97  (0.63,1.48) 

0.881 

0.98  (0.78,1.24) 

0.894 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  16-10.  Analysis  of  TSH  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

*  -  '■  - 

...  .<'.r  ■  .  • .  .  -.  : 

y 

]  .. ..  •  ■  •  ■"  :  - 

v?;r  Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

^  ,  "*  *.  *  * 

Abnormal  High  vs.  Norma 

.....  .-*.•..  '•.!  .  •  , 

~  n  ,  -  '  (95%  C X)**  •  .'  v.  r  '  '  _  ‘  -  p-Value  _4;Mi 

-  A( 

U*  Relative  Risk  * 

|(95%CX)8  ■ 

831  1.08(0.64,1.83)  0.767 

0.97  (0.74,1.27) 

0.832 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


16.2.2.3.3  Thyroxine  ( Continuous ) 

The  unadjusted  and  adjusted  Models  1  and  2  analyses  of  thyroxine  in  its  continuous  form  were  not 
significant  (Table  16-1  l(a,b):  p>0.12  for  each  analysis). 


Table  16-11.  Analysis  of  Thyroxine  (pg/dl)  (Continuous) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

Group 

■  '■  n 

Mean3 

Difference  of  Means 
(95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

841 

7.07 

0.03  ~ 

0.601 

Comparison 

1}199 

7.04 

Officer 

Ranch  Hand 

326 

6.76 

-0.08  - 

0.373 

Comparison 

468 

6.84 

Enlisted  Flyer 

Ranch  Hand 

144 

7.28 

0.03  - 

0.818 

Comparison 

182 

7.24 

Enlisted 

Ranch  Hand 

371 

7.27 

0.12- 

0.154 

Groundcrew 

Comparison 

549 

7.15 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(b)  MODEL  1: 

TED 

Group 

’P  W 

;  n 

\  n  ;• 

Adjusted 

X*  a 

Mean3 

I).mTem^of  Adj.  Mc:.ns 

p-Valuec 

All 

Ranch  Hand 

838 

6.96 

M3- 

0.565 

Comparison 

1,199 

6.93 

Officer 

Ranch  Hand 

325 

6.58 

-0.08  - 

0.370 

Comparison 

468 

6.66 

Enlisted  Flyer 

Ranch  Hand 

143 

7.12 

0.04  - 

0.774 

Comparison 

182 

7.08 

Enlisted 

Ranch  Hand 

370 

7.19 

0.13- 

0.129 

Groundcrew 

Comparison 

549 

7.06 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  16-11.  Analysis  of  Thyroxine  (jig/dl)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

illHiil  Initial  Dioxin  Category  Summary  Statistics  fpflll  | 

Analysis  Results  for  Log2  (Initial  Dioxin)l> 

Mean8 

Adj.  Mean*1’ 

Slope 

R2  (Std.  Error)c  p-Value 

Low 

m 

7.12 

0.012  0.010  (0.008)  0.250 

Medium 

■/-3a  ■■ 

High 

BH 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  thyroxine  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d>  MODEL  2:  RANCH  HANDS  -  INI  TIAL  DIOXIN  -  ADJUSTED 

HH Ifit  Analysis  Results  for  Log2  (Initial  Dioxin)  1 1  j|l f 1 X'  |?[ 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

Low  157  6.99 

Medium  157  6.89 

High  152  6.89 

0.045  -0.004  (0.010)  0.682 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  thyroxine  versus  Iog2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(.1  MODEL  A:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

m  4  5  p:  %m 

1 1||  |  Dioxin  Category  §§§ 

:  •  Hi  ’■*?( v 

iBiiilSSrtliil 

Difference ‘of  .Adj.  Mean '/ 
vs.  Comparisons 

mmmoeQm 

I  p-f$lued 

Comparison 

1,161 

7.04 

7.04 

Background  RH 

367 

6.95 

6.95 

-0.09  - 

0.221 

Low  RH 

233 

7.13 

7.13 

0.09  - 

0.344 

High  RH 

234 

7.23 

7.23 

0.19- 

0.053 

Low  plus  High  RH 

467 

7.18 

7.18 

0.14- 

0.059 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 

P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-11.  Analysis  of  Thyroxine  (f. ig/dl )  (Continuous)  (Continued) 


3,f^RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

Iffiliiliiiilis 

Adj.  Mean3 

Difference  ofAdj.Mean 
iVl  \  vs.  Comparisons  ' 

:  (95%  C.I.)b 

p- Value* 

Comparison 

1,161 

6.93 

Background  RH 

365 

6.93 

0.00  - 

0.969 

Low  RH 

233 

7.02 

0.09  - 

0.344 

High  RH 

233 

6.98 

0.05  - 

0.646 

Low  plus  High  RH 

466 

7.00 

0.07  - 

0.357 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)MODEL4:  RANCHHANDS- 1987 DIOXIN -UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean1*  fl/fi 

Slope 

R2  (Std.  Error) b  p- Value 

Low  278  6.95 

Medium  279  7.03 

High  277  7.25 

0.008  0.015  (0.006)  0.009 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  thyroxine  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODK1. 4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

tf.31- %  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  gif  If  1 

till  III  9  tjS  li  v' ; 

ISSS  SSSS  Adjusted  Slope 

1  WiM  rfH*  ll !  j  jjf  1'^  (Std.  Error)®  |  H s;  jt|  p-Value  | 

Low  276  6.92 

Medium  279  6.91 

High  276  6.91 

0.047  -0.001  (0.007)  0.862 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  thyroxine  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  3  analysis  of  thyroxine  in  its  continuous  form  revealed  two  marginally  significant 
contrasts:  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  low  plus 
high  dioxin  category  versus  Comparisons  (Table  16-1 1(e):  difference  of  means=0.19  fig/dl,  p=0.053; 
difference  of  means=0.14  jig/dl,  p=0.059,  respectively).  The  adjusted  analysis  did  not  reveal  any 
significant  contrasts  (Table  16-1 1(f):  p>0.34  for  each  contrast). 

The  Model  4  unadjusted  analysis  revealed  a  significant  positive  association  between  thyroxine  and  1987 
dioxin  (Table  16-1 1(g):  adjusted  slope=0.015,  p=0.009).  After  covariate  adjustment,  the  results  became 
nonsignificant  (Table  16-1 1(h):  p=0.862) 

16.2.2.3.4  Thyroxine  (Discrete) 

All  unadjusted  and  adjusted  analyses  for  Models  1  through  4  showed  no  significant  relations  between 
dioxin  and  thyroxine  in  its  discrete  form  (Table  16-12(a-h):  p>0.14  for  each  analysis). 


Table  16-12.  Analysis  of  Thyroxine  (Discrete) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

sHiiiBiiwi® 

llliiiBiili 

n 

Number  (%) 

iiitt 

Est.  Relative  Risk 
(95%  C.I.) 

l|l  p-Value  IfH 

AU 

Ranch  Hand 

841 

23(2.7) 

1.03  (0.60,1.77) 

0.928 

Comparison 

1,199 

32(2.7) 

Officer 

Ranch  Hand 

326 

13  (4.0) 

1.17(0.56,2.47) 

0.674 

Comparison 

468 

16  (3.4) 

Enlisted  Flyer 

Ranch  Hand 

144 

3  (2.1) 

1.27  (0.25,6.39) 

0.772 

Comparison 

182 

3  (1.6) 

Enlisted 

Ranch  Hand 

371 

7  (1.9) 

0.79  (0.31,2.01) 

0.624 

Groundcrew 

Comparison 

549 

13  (2.4) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

iiliSiiMiiil 

1  is fv  Adjusted  Relative  Risk 

jj||§|§Jff  Occupational  Category7 

p-Value 

All 

1.04  (0.61,1.80) 

0.875 

Officer 

1.21  (0.57,2.55) 

0.622 

Enlisted  Flyer 

1.24  (0.25,6.24) 

0.796 

Enlisted  Groundcrew 

0.80  (0.32,2.02) 

0.636 

lllilil 

OSES! 

3XIN  -T 

NADJUSTED 

1  5  i 

|gs  AnahMs  Results  lor  1 1  Initial  Di«*lh)* 

Initial  Dioxin 

" 

Vuniber (9 
Low 

■  ■  •  ■  : 

Estimated  Relative  Risk 

0>5%  C.I./'  p-Value 

Low 

157 

1.22(0.79,1.89)  0.375 

Medium 

158 

m 

High 

152 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-12.  Analysis  of  Thyroxine  (Discrete)  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 

.  \>5%c.i.)a  .  (  ■ 

p- Value 

l  % 

466 

1.51  (0.87,2.62) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  a  low  thyroxine  level. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED  ||| 

liilBli 

:  Est  Relative  Risk 
;  (95%  C.I.)ab 

IliiBl  P-yaue 

Comparison 

1,161 

31  (2.7) 

Background  RH 

367 

13  (3.5) 

1.40  (0.72,2.71) 

0.325 

Low  RH 

233 

3  (1.3) 

0.47  (0.14,1.55) 

High  RH 

234 

7  (3.0) 

1.08  (0.47,2.49) 

Low  plus  High  RH 

467 

10(2.1) 

0.71  (0.33,1.54) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UlSl  Dioxin  Category  j  jfflf 

Adjusted  Relative  Risk 

Comparison 

1,161 

Background  RH 

365 

1.23  (0.63,2.42) 

0.545 

Low  RH 

233 

0.45  (0.14,1.49) 

High  RH 

233 

1.53  (0.62,3.73) 

Low  plus  High  RH 

466 

0.83  (0.38,1.82) 

0.641 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-12.  Analysis  of  Thyroxine  (Discrete)  (Continued) 


(g) MODEL 4:  RANCH  HANDS -1987 DIOXIN -UNADJUSTED 

.  pt  1987  DioxinCategory  Summary  Statistics  J  | ' 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Number  (%) 

1987  Dioxin  n  Low 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  278  8  (2.9) 

Medium  279  8  (2.9) 

High  277  7  (2.5) 

0.97(0.73,1.29)  0.825 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  BANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 

.  -  (95%  G.I.)a  p- Value 

831 _ 1.14(0.79,1.64) _ 0.487 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


16.2.2.3.5  Anti-Thyroid  Antibodies 

All  unadjusted  and  adjusted  analyses  for  Models  1  through  4  were  nonsignificant  (Table  16-13(a-h): 
p>0.43  for  each  analysis). 


Table  16-13.  Analysis  of  Anti-Thyroid  Antibodies 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 


y^O^iipaliphal'fi 

Number  (%) 
!|||j  Present  §!|f| 

f  Est  Relative  Risk 

iigliiilisii 

All 

Ranch  Hand 

841 

5  (0.6) 

1.02  (0.32,3.22) 

0.975 

Comparison 

1,199 

7(0.6) 

Officer 

Ranch  Hand 

326 

2  (0.6) 

0.72  (0.13,3.93) 

0.701 

Comparison 

468 

4  (0.9) 

Enlisted  Flyer 

Ranch  Hand 

144 

2(1.4) 

2.55  (0.23,28.40) 

0.447 

Comparison 

182 

1  (0.5) 

Enlisted 

Ranch  Hand 

371 

1  (0.3) 

0.74  (0.07,8.18) 

0.805 

Groundcrew 

Comparison 

549 

2(0.4) 
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Table  16-13.  Analysis  of  Anti-Thyroid  Antibodies  (Continued) 


(b)  MODEL  1 :  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

h:  AdjustedRelative  Risk 

llflll  (95%  CX)  1  HI 

p-Value 

AU 

1.01  (0.32,3.21) 

0.981 

Officer 

0.73  (0.13,4.02) 

0.717 

Enlisted  Flyer 

2.62  (0.24,29.23) 

0.434 

Enlisted  Groundcrew 

0.73  (0.07,8.06) 

0.796 

Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  anti-thyroid  antibodies 
present. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Number  (%) 

Initial  Dioxin  n  Present 

^;j;'--.Estiinated-RelativerRisk-  • 

(95%  CX)"  p- Value 

0.93  (0.30,2.89)  0.905 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

«1>  MODEl.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

n  (95%CX)a  p-Value 

_  466 _ 1.01  (0.313.23)  0  990 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race  and  occupation  because  of  the  sparse  number  of  Ranch  Hands  with  anti¬ 
thyroid  antibodies  present. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category  £  \  *  VC  |:jl  (95%  CX)ab  4f  1 1 1  §j{|j§|  p- Value 


Comparison 

1,161 

7(0.6) 

Background  RH 

367 

3  (0.8) 

1.20  (0.30,4.69) 

0.798 

Low  RH 

233 

1  (0.4) 

0.73  (0.09,5.96) 

High  RH 

234 

1  (0.4) 

0.80  (0.10,6.56) 

Low  plus  High  RH 

467 

2(0.4) 

0.76  (0.16,3.70) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-13.  Analysis  of  Anti-Thyroid  Antibodies  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ADJUSTED  Ilf  ;  |1 

Dioxin  Category 

HJ !  |  f;  n‘?  t  %  2  I 

1  I  Adjusted  Relative  Risk  ’  J 

■  (95%  C.I.)a 

p-Value 

Comparison 

1,161 

Background  RH 

365 

1.07(0.27,4.26) 

Low  RH 

233 

0.73  (0.09,5.99) 

0.765 

High  RH 

233 

1.07  (0.12,9.66) 

0.951 

Low  plus  High  RH 

466 

0.88  (0.17,4.46) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  participants  with  anti-thyroid  antibodies 
present. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Number  (%)y>|;- 

1987  Dioxin  n  Present 

Estimated  Relative  Risk 

(95%  C.I.)“  p-Value 

Low  278  2  (0.7) 

Medium  279  2  (0.7) 

High  277  1  (0.4) 

0.82(0.43,1.55)  0.535 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4;  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 


pr  Value 


831 


0.86  (0.41,1.80) 


0.689 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  anti-thyroid  antibodies 
present. 


1 6.2. 2. 3. 6  Fasting  Glucose  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  difference  in  mean  fasting 
glucose  levels  between  all  Ranch  Hands  and  Comparisons  or  after  stratifying  by  occupation  (Table 
16-14(a,b):  p>0.38  for  each  analysis). 
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Fasting  glucose  in  its  continuous  form  was  not  significantly  associated  with  initial  dioxin  in  the 
unadjusted  Model  2  analysis  (Table  16-14(c):  p=0.174).  After  adjusting  for  covariates,  the  results 
became  significant  (Table  16-  14(d):  adjusted  slope=0.023,  p=0.014).  The  adjusted  mean  fasting  glucose 
levels  in  the  low,  medium,  and  high  initial  dioxin  categories  were  104.5  mg/dl,  109.2  mg/dl,  and  109.5 
mg/dl,  respectively. 

The  unadjusted  and  adjusted  Model  3  analyses  of  fasting  glucose  showed  no  significant  mean  differences 
between  any  of  the  Ranch  Hand  dioxin  categories  and  Comparisons  (Table  16-14(e,f):  p>0.10  for  each 
contrast). 


Table  16-14.  Analysis  of  Fasting  Glucose  (mg/dl)  (Continuous) 


(a)  VS.  COMPARISONS  -  UNADJUSTED 


pccURa^Ipnal:; 

ft!  Difference  of  Means  $ 1 

p- Value1 

All 

Ranch  Hand 

868 

101.4 

~0.3  ~ 

0.745 

Comparison 

1,250 

101.8 

Officer 

Ranch  Hand 

339 

101.1 

1.1  - 

0.468 

Comparison 

494 

100.0 

Enlisted  Flyer 

Ranch  Hand 

151 

103.2 

-1.7  - 

0.507 

Comparison 

187 

104.9 

Enlisted 

Ranch  Hand 

378 

101.0 

-1.3  - 

0.388 

Groundcrew 

Comparison 

569 

102.3 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


ymmpbmi:] 

RANCH  HANDS  VS.  eOMPARKONS  -  ADJUSTED 

ft!  '’^Cat^ory^  :,v 

|  j|| 

Mean8  > 

Difference  ofAdj.  Means 
(95%C.I.)b 

All 

Ranch  Hand 

859 

103.7 

0.  0  -- 

0.970 

Comparison 

1,238 

103.8 

Officer 

Ranch  Hand 

337 

101.9 

0.9  - 

0.550 

Comparison 

492 

101.0 

Enlisted  Flyer 

Ranch  Hand 

148 

104.1 

-1.6  - 

0.516 

Comparison 

181 

105.7 

Enlisted 

Ranch  Hand 

374 

104.7 

-0.3  - 

0.819 

Groundcrew 

Comparison 

565 

105.1 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  16-14.  Analysis  of  Fasting  Glucose  (mg/dl)  ( Continuous )  ( Continued ) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)15 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

R2  CStd.  Error  >c  p-Value 

Low  159  101.4  102.2 

Medium  161  104.5  104.7 

High  160  104.9  103.9 

0.102  0.011  (0.008)  0.174 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


U!  j|J  J  Analysis  Results  for  Lo g2  (Initial  Dioxin)  IlilH}  | 

Adj.  Slope 

:  R2  ;  (Std;  Error)"  p-Vulue 

Low  158  104.5 

Medium  157  109.2 

High  160  109.5 

0.160  0.023(0.009)  0.014 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

llilliteilli! 

iniiaiii 

Adj.Meanab 

Difference  of  Adj.  Mean 
v  vs.  Comparisons  p  £  | 

p-VaIued 

Comparison 

1,212 

101.7 

101.6 

Background  RH 

381 

98.4 

100.3 

-1.3- 

Low  RH 

238 

101.4 

100.8 

-0.8  - 

0.618 

High  RH 

242 

105.8 

103.9 

2.3  - 

Low  plus  High  RH 

480 

103.6 

102.4 

0.8  - 

HI 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-14.  Analysis  of  Fasting  Glucose  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

ISjvSS  'I 

Differenceof  Adj.  Mean 
f|I§  vs.  Comparisons  1 :|§i  1 ; 
(95%  C.I.)b 

p-Valuec 

Comparison 

1,200 

103.8 

Background  RH 

377 

102.8 

-1.0  - 

0.418 

Low  RH 

235 

102.9 

-0.9  - 

0.551 

High  RH 

240 

106.3 

2.5  - 

0.106 

Low  plus  High  RH 

475 

104.6 

0.8  - 

0.482 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1)  •  ’ 

SI-ISSISSpl 

iiiiilflSiPiii 

Mean1’ 

^  j  ;■  5 

Low 

288 

97.8 

0.019 

0.020  (0.005) 

<0.001 

Medium 

286 

101.6 

High 

287 

104.6 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS-  1987  DIOXIN  -ADJUSTED 

£1  Ifi  !  1987Dioxin  Category;Summary  Statistics 

j§§fj  Analysis  Results  forLog2  (1987Dioxin  +  iy|J  £||  1 1 

. 

1987  Dioxin  n  Adj.  Mean* 

p§  Adjusted  Sldpe 

R2  (Std.  Error)1’  p- Value 

Low  284  101.0 

Medium  285  102.7 

High  283  107.2 

0.082  0.018  (0.006)  0.002 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Both  the  unadjusted  and  adjusted  Model  4  analyses  showed  significant  positive  associations  between 
fasting  glucose  in  its  continuous  form  and  1987  dioxin  (Table  16-14(g,h):  slope=0.020,  p<0.001,  for  the 
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unadjusted  analysis;  adjusted  slope=0.018,  p=0.002,  for  the  adjusted  analysis).  The  adjusted  mean  fasting 
glucose  values  in  the  low,  medium,  and  high  1987  dioxin  categories  were  101.0  mg/dl,  102.7  mg/dl,  and 
107.2  mg/dl,  respectively. 

16.2.2.3.7  Fasting  Glucose  (Discrete) 

The  percentage  of  participants  with  high  fasting  glucose  levels  did  not  significantly  differ  between  Ranch 
Hands  and  Comparisons  across  all  occupations  or  within  each  occupational  stratum  in  the  Model  1 
analysis  (Table  16-15(a,b):  p>0.52  for  each  analysis). 


Table  16-15.  Analysis  of  Fasting  Glucose  (Discrete) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

Occupational 

Nuiuber(%) 

Est.  Relative  Risk 

High 

IS|  (9S%  C.I.)  K  if  ;V 

p- Value  lifl 

Alt 

Ranch  Hand 

868 

152  (17.5) 

1.04(0.83,1.31) 

0.741 

Comparison 

1,250 

212  (17.0) 

Officer 

Ranch  Hand 

339 

56  (16.5) 

1.11(0.76,1.61) 

0.603 

Comparison 

494 

75  (15.2) 

Enlisted  Flyer 

Ranch  Hand 

151 

29  (19.2) 

1.00  (0.58,1.72) 

0.991 

Comparison 

187 

36  (19.3) 

Enlisted 

Ranch  Hand 

378 

67  (17.7) 

1.00  (0.71,1.40) 

0.992 

Groundcrew 

Comparison 

569 

101  (17.8) 

(b)  MODEL  1: 
--- - '  -  ,  . — 

RANCH  HAND 

S  VS.  COP 

HIPARISONS  -  ADJUSTED 

;<{  yj-  ‘  ji 

Adjusted  Relative  Risk 

liiiiiteiiiii 

llHi  Occupational  Category 

(95%  C.I.) 

All 

1.07(0.84,1.37) 

0.562 

Officer 

1.11  (0.75,1.64) 

0.611 

Enlisted  Flyer 

0.90  (0.50,1.60) 

0.712 

Enlisted  Groundcrew 

1.12(0.78,1.61) 

0.526 

(c)lVippEL  2:  RANCH  HANDS- INITIAL  DIOXIN- UNADJUSTED  ^ 

|| % |{|f{  Initial  Dioxin  Category  Summary  Statistics 

‘  a  i ;  Analysis  Results  for  Log2  (Initial  Dioxin)8  ^  £  r( 

j  Initial  Didxin  §1  (if  | 

||lflESitiittate$Rela£^ 

Low  159  29(18.2) 

Medium  161  35(21.7) 

High  160  38  (23.8) 

1.13  (0.95,1.34)  0.172 

3  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-15. 

Analysis  of  Fasting  Glucose  (Discrete)  (Continued) 

(d)  MODEL  2: 

BRANCH,  HANDS  -  INITIAL  JDIOXIN  -  ADJUSTED  '  ; 

<  >  .  ",  J  }  \  Analysis  Results  for  Log2  (Initial  Dioxin)  >  ' 

.  (95%  CD*  : 

p-Value 

475 

1.31  (1.06,1.62) 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

^unadjust 

Number  (%)  Est.  Relative  Risk 

,  n  . 

High  (95%GI.)ab 

p-Value 

Comparison 

1,212 

203  (16.7) 

Background  RH 

381 

48(12.6)  0.89(0.63,1.26) 

0.517 

Low  RH 

238 

44(18.5)  1.07(0.73,1.56) 

0.721 

High  RH 

242 

58(24.0)  1.35(0.95,1.91) 

0.097 

Low  plus  High  RH 

480 

102(21.3)  1.20(0.91,1.59) 

0.200 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

iiprtppiiiiii! 

'{jjj  DioxihCategory  ■/  £JCf 

• ; 

Comparison 

1,200 

Background  RH 

377 

0.91  (0.63,1.31) 

Low  RH 

235 

1.03  (0.70,1.53) 

0.877 

High  RH 

240 

1.44  (0.99,2.11) 

Low  plus  High  RH 

475 

1.22(0.91,1.64) 

0.178 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-15.  Analysis  of  Fasting  Glucose  (Discrete)  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  - 

UNADJUSTEI 

) 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Number  (%) 

.  1987  Dioxin  High  % 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  288  34(11.8) 

Medium  286  51  (17.8) 

High  287  65  (22.6) 

1.25(1.11,1.41)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  "  ” 

I  852  1.25(1.08,1.46)  0003 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  did  not  show  a  significant  relation  between  initial  dioxin  and  the 
percentage  of  participants  with  high  fasting  glucose  levels  (Table  16-15(c):  p=0.172).  After  adjusting  for 
covariates,  the  results  became  significant  (Table  16-15(b):  Adj.  RR=1.31,  p=0.013).  The  percentages  of 
participants  with  high  fasting  glucose  values  in  the  low,  medium,  and  high  initial  dioxin  categories  were 
18.2,  21.7,  and  23.8,  respectively. 

Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  a  marginally  significant  difference  in  the 
percentage  of  high  fasting  glucose  levels  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons  (Table  16-15(e,f):  Est.  RR=1.35,  p=0.097;  Adj.  RR=1.44,  p=0.056,  respectively).  The 
percentage  of  abnormal  fasting  glucose  values  for  Ranch  Hands  in  the  high  dioxin  category  was  24.0 
versus  16.7  percent  for  Comparisons. 

The  unadjusted  and  adjusted  Model  4  analyses  each  revealed  significant  positive  associations  between 
high  fasting  glucose  levels  and  1987  dioxin  (Table  16-15(g,h):  Est.  RR=1.25,  p<0.001;  Adj.  RR=1.25, 
p=0.003,  respectively).  The  percentages  of  participants  with  high  fasting  glucose  values  in  the  low, 
medium,  and  high  1987  dioxin  categories  were  11.8,  17.8,  and  22.6,  respectively. 

16.2.2.3.8  2-Hour  Postprandial  Glucose  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  of  2-hour  postprandial  glucose  in  its  continuous  form  did 
not  show  a  significant  difference  between  all  Ranch  Hands  and  Comparisons  (Table  16-16(a,b):  p>0.70 
for  each  analysis).  Stratifying  by  occupation  revealed  significant  differences  between  Ranch  Hand  and 
Comparison  officers  in  both  the  unadjusted  and  adjusted  analyses  (Table  16-16(a,b):  difference  of 
means=4.3  mg/dl,  p=0.053,  for  the  unadjusted  analysis;  difference  of  adjusted  means=3.5  mg/dl,  p=0.086, 
for  the  adjusted  analysis).  The  adjusted  mean  2-hour  postprandial  glucose  level  for  Ranch  Hand  officers 
was  103.0  mg/dl  versus  99.5  mg/dl  for  Comparison  officers. 
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Table  16-16.  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Continuous) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

■iif  J'ij- 

vmrnm  iiiai 

Difference  of  Means 
(95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

714 

105.2 

0.3  - 

0.818 

Comparison 

1,023 

104.9 

Officer 

Ranch  Hand 

285 

106.1 

4.3  - 

0.053 

Comparison 

419 

101.8 

Enlisted  Flyer 

Ranch  Hand 

121 

107.8 

-3.5  - 

0.342 

Comparison 

146 

111.3 

Enlisted 

Ranch  Hand 

308 

103.4 

-2.3  - 

0.274 

Groundcrew 

Comparison 

458 

105.8 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


iiiHBii 

RANCH  HANDS  VS.  COMPARISONS  -  ADJl 

JSTED 

f '^DccupafrpnalC 

SBjiiiiiliiii 

ii"  n 

pl'fl  "Adjusted  • ' | 
Mean8 

Difference  of.  Adj.  Means 
(95%  C.I.)b 

p-Valuec  f 

AM 

Ranch  Hand 

705 

105.5 

0.5  - 

0.702 

Comparison 

1,014 

105.0 

Officer 

Ranch  Hand 

283 

103.0 

3.5  - 

0.086 

Comparison 

418 

99.5 

Enlisted  Flyer 

Ranch  Hand 

118 

106.4 

-2.9  - 

0.405 

Comparison 

142 

109.3 

Enlisted 

Ranch  Hand 

304 

106.0 

-1.2  - 

0.563 

Groundcrew 

Comparison 

454 

107.2 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


|  f;  |  fj  |§§  Initial  Dioxin  Category^ Summary  Statistics  §§jj|g 

Low  125  107.4  108.3 

Medium  123  105.9  106.2 

High  121  107.4  106.2 

0.076  -0.010(0.011)  0.363 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-16.  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin Category  Summary  Statistics 

Analysis  Results  for  Lbg2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean8 

.  •  1  : •  v  Adj.  Slope 

R2  (Std.  Error)b  p-Value 

Low  124  108.1 

Medium  119  106.7 

High  121  110.3 

0.139  0.003  (0.013)  0.832 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  BRANCH  HANDS  ANDCOMPARISONS  BY  DIOXIN  CATEGORY  Jj  UNADJUSTED 


iilliSiiiiiftiBiiii 

VrC  c-.c. :  ' 

liililltlpil 

Adj.  Mean1* 

Difference  of  Adj.  Mean  ^ 
vs.  Comparisons 

Lp  <  :;r  !'l  £ 

p-Valued  1 

Comparison 

996 

104.9 

104.7 

Background  RH 

342 

103.6 

105.3 

0.6  - 

Low  RH 

186 

107.3 

107.1 

2.4  - 

High  RH 

183 

106.5 

104.5 

-0.2  - 

Low  plus  High  RH 

369 

106.9 

105.8 

1.1  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-16.  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


liiliiillill 

iilililll  Mean8 

Difference  of  Adj.  Mean 
vs.  Comparisons 

\  v  V '  * 

p-Valuec 

Comparison 

987 

105.1 

Background  RH 

338 

106.1 

1.0  - 

0.585 

Low  RH 

183 

106.1 

1.0  - 

0.655 

High  RH 

181 

104.6 

-0.5  - 

0.804 

Low  plus  High  RH 

364 

105.4 

0.3  - 

0.900 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  UNADJUSTED 

Summaiy  Statistics  fin 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

■'  "  1987  Dioxin  n  Mean8 

Will 

'allied 

Low  264  103.7 

Medium  230  106.0 

High  217  106.5 

0.003  0.011(0.007)  0.115 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

|  If f  fj  |  1987  Dioxin  Category  Summary  Statistics  |  SjjjffijB 

|H  Analysis  Results  fory  £iog2Xl?87  Dioxin ,+ jjJ§J§j  |j f 

1987  Dioxin  n  Adj.  Mean8 

(Std.  Error)b'|‘  1 |£j§  p- Value 

Low  260  105.1 

Medium  229  103.7 

High  213  105.3 

0.137  0.002(0.008)  0.850 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  Iog2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  and  adjusted  analyses  of  2-hour  postprandial  glucose  in  Models  2  through  4  were 
nonsignificant  (Table  16-16(c-h):  p>0.1 1  for  each  analysis). 
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16,2.2.3.9  2-Hour  Postprandial  Glucose  ( Discrete ) 

The  percentage  of  participants  with  impaired  2-hour  postprandial  glucose  levels  did  not  significantly 
differ  between  Ranch  Hands  and  Comparisons  across  all  occupations  (Table  16-17(a,b):  p>0.91  for  both 
unadjusted  and  adjusted  analyses).  Stratifying  the  unadjusted  analysis  by  occupation  revealed  a 
marginally  significant  difference  between  Ranch  Hand  and  Comparison  officers  (Table  16- 17(a): 

Est.  RR=1.51,  p=0.052).  The  percentage  of  2-hour  postprandial  glucose  values  classified  as  impaired  for 
Ranch  Hand  officers  was  18.2  versus  12.9  percent  for  Comparison  officers.  No  significant  contrasts  were 
revealed  after  stratifying  the  adjusted  analysis  by  occupation  (Table  16- 17(b):  p>0.1 1  for  each  contrast). 


Table  16-17.  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

IlSWiliwiii 

Group 

lliiiil! 

Number  (%)  ' 

' :  V:  '£ £ ,  g|r  f 

Est,  Relative  Risk  :  i|i; 

^■<95%:CX).;:g  lail! 

p-Valtie  ,  ( 

All 

Ranch  Hand 

714 

113  (15.8) 

1.01  (0.77,1.31) 

0.960 

Comparison 

1,023 

161  (15.7) 

Officer 

Ranch  Hand 

285 

52  (18.2) 

1.51  (1.00,2.28) 

0.052 

Comparison 

419 

54  (12.9) 

Enlisted  Flyer 

Ranch  Hand 

121 

22(18.2) 

0.82  (0.45,1.52) 

0.534 

Comparison 

146 

31  (21.2) 

Enlisted 

Ranch  Hand 

308 

39  (12.7) 

0.73  (0.48,1.11) 

0.136 

Groundcrew 

Comparison 

458 

76  (16.6) 

(b)  MODEL  1: 

RANCH  HAND! 

*VS,COM 

PAR  ISONS  -  ADJUSTED 

iiiiiiiteiiii 

>nal  Category 

Adjusted  Relative  Risk 

p-Value 

£  ||| 

All 

0.98(0.75,1.30) 

0.912 

Officer 

1.42  (0.92,2.20) 

0.110 

Enlisted  Flyer 

0.81  (0.43,1.54) 

0.526 

Enlisted  Groundcrew 

0.75(0.48,1.16) 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

1 1  ||U  Jf 1  Initial  Dioxin  Category  Summary  Statistics  ^  §|§g 

-f  >L<  Analysis  ResultsforLog2  (Initial  Dioxin)a  ^ 

|  |||  f  &B'  1  j  | 

-  Estimated  Relative  Risk  pfef  | 1  fe 

(95%  C.I.)1’  p- Value 

Low  125  23  (18.4) 

Medium  123  23  (18.7) 

High  121  20(16.5) 

0.88(0.71,1.10)  0.267 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-17.  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete)  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

■'t  n 

(95%  C.I.)a 

p-Value 

364 

0.99  (0.76,1.29) 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MOI>EL  3:  RANCH  HANDS  AND  COMPARISONS 

BY  DIOXIN  CATEGORY 

1||| J 

k i 

Est  Relative  Risk 
(95%  G;I.)ab 

p-Value 

Comparison 

996 

155  (15.6) 

Background  RH 

342 

47  (13.7) 

0.98  (0.68,1.40) 

0.906 

Low  RH 

186 

35  (18.8) 

1.27  (0.84,1.92) 

0.260 

High  RH 

183 

31  (16.9) 

1.00  (0.65,1.54) 

0.999 

Low  plus  High  RH 

369 

66  (17.9) 

1.13(0.82,1.56) 

0.468 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

M  Adjusted  Relative  Risk  .  l-jlllp®pi  It 

|||||l  Dioxin  Category  jffjfl  |#  j 

(95%  CX)a  • 

Comparison 

987 

Background  RH 

338 

0.94  (0.64,1.37) 

0.729 

Low  RH 

183 

1.12(0.73,1.72) 

0.616 

High  RH 

181 

1.01  (0.64,1.60) 

0.960 

Low  plus  High  RH 

364 

1.06  (0.76,1.49) 

0.722 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-17.  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete)  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  ||l®||i!!i 

■  Number  (% 

1987  Dioxin  n  Impaired 

■ 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  264  38  (14.4) 

Medium  230  40  (17.4) 

High  217  35(16.1) 

1.06  (0.92,1.22)  0.394 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  £7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4: 

RANCH  HANDS  - 1987  DIOXIN -  ADJUSTED 

Results  fotf  tag*  (1987:Di(wm+l^|;tf-3Ji:^;|;;  ;.  v'  l  \jtiflfi 

n  ■  (95%  C.l.)8  ■  p-Value 

702  1.10(0.91,1.33)  0.332 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


All  unadjusted  and  adjusted  Models  2  through  4  analyses  were  nonsignificant  (Table  16-17(c-h):  p>0.26 
for  each  analysis). 


16.2.2.3.10  Fasting  Urinary  Glucose 

The  unadjusted  and  adjusted  Models  1  through  3  analyses  of  fasting  urinary  glucose  were  nonsignificant 
(Table  16-18(a-f):  p>0. 12  for  each  analysis). 


Table  16-18.  Analysis  of  Fasting  Urinary  Glucose 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

J  Group4'|Jf-| 

Present 

is EsLRelatiyeRisk  v  | 

||j|8  @s% 

All 

Ranch  Hand 

868 

35  (4.0) 

0.93  (0.60,1.44) 

0.745 

Comparison 

1,250 

54  (4.3) 

Officer 

Ranch  Hand 

339 

11  (3.2) 

1.35  (0.59,3.09) 

0.482 

Comparison 

494 

12  (2.4) 

Enlisted  Flyer 

Ranch  Hand 

151 

8  (5.3) 

1.11  (0.42,2.94) 

0.839 

Comparison 

187 

9  (4.8) 

Enlisted 

Ranch  Hand 

378 

16  (4.2) 

0.72(0.39,1.32) 

0.288 

Groundcrew 

Comparison 

569 

33  (5.8) 
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Table  16-18.  Analysis  of  Fasting  Urinary  Glucose  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

Occupational  Category 

Adjusted  Relative  Risk 
(95%  CJ.)  : 

■  p- Value 

All 

0.98  ( 0.63,1.52 ) 

0.924 

Officer 

1.40  (0.61,3.22) 

0.432 

Enlisted  Flyer 

1.13(0.41,3.11) 

0.816 

Enlisted  Groundcrew 

0.77  (0.42,1.43) 

0.412 

(c)  MODEL  2:  RANCH  HANDS  - 

INITIAL  DIOXIN  -  UNADJUSTED 

1  In^tihi  pioxiia  Category  Summary  Statistics  J  J  f  |  m 

Analysis  Results  for  Log2  (Initial  Dioxin)*  1 1 

'  :  r  ■;  '  ;  :/  . 

Number  (.%) 

Estimated  Relative  Risk 

rnmmmmim 

(95%;  CX)11  ; 

ii!  •  p^V^ne  Jlillllj 

Low 

159 

5(3.1) 

1.19(0.90,1.57) 

0.220 

Medium 

161 

13(8.1) 

High 

160 

9  (5.6) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

__  ■  •  n  (95%CJ.)a  ;  ;  ;  :  p-Value 

475  1.27  (0.90,1.79)  0.173 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  tpSf AD JIJSTED  |  *|JJ 

IH  |  Dioxjn  Category  Jg 

,  f|:  Numbei:?(%)  1 § 1 1 

||||p  Present  1 1|  1 1 1 H 

Est.  Relative  Risk 

Comparison 

1,212 

51  (4.2) 

Background  RH 

381 

7  (1.8) 

0.53  (0.24,1.19) 

0.124 

Low  RH 

238 

9  (3.8) 

0.81  (0.38,1.70) 

0.571 

High  RH 

242 

18  (7.4) 

1.51  (0.85,2.69) 

0.160 

Low  plus  High  RH 

480 

27  (5.6) 

1.11(0.66,1.85) 

0.696 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-18.  Analysis  of  Fasting  Urinary  Glucose  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Adjusted  Relative  Risk  fM 

(95%  C.I.)a 

p-Value 

Comparison 

1,200 

Background  RH 

377 

0.63  (0.27,1.43) 

0.265 

Low  RH 

235 

0.92  (0.43,1.97) 

0.827 

High  RH 

240 

1.33(0.71,2.49) 

0.369 

Low  plus  High  RH 

475 

1.11  (0.65,1.89) 

0.704 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Analysis  Results  for  Log2  (1987  Dioxin  + 1)  ,  |{|  Jj  ||||| 

Number  (%) 

1987  Dioxin  n  Present 

If m  Estimated -Relative'  Risk 

ESffl  v*  .  .  B 

1.38(1.12,1.71)  0.004 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

^  IS  ^ 1  ^  Analysis  ^  t 

fit  ill  fl iiiiiis  1 1  ill r  Sill  1 1  Adjusted  Relative  Risk  ljl|  1 

852  1.47(1.11,1.94) 

0.006 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  significant  positive  relations  between  fasting 
urinary  glucose  and  1987  dioxin  (Table  16-18(g,h):  Est.  RR=1.38,  p=0.004;  Adj.  RR=1.47,  p=0.006, 
respectively).  The  percentages  of  participants  with  fasting  urinary  glucose  in  the  low,  medium,  and  high 
1987  dioxin  categories  were  1.0,  3.8,  and  7.0,  respectively. 

16. 2.2.3. 1 1  2-Hour  Postprandial  Urinary  Glucose 

The  unadjusted  Model  1  analysis  of  2-hour  postprandial  urinary  glucose  did  not  reveal  a  significant 
overall  group  difference  between  Ranch  Hands  and  Comparisons  (Table  16- 19(a):  p-0.122).  Stratifying 
the  unadjusted  analysis  by  occupation  revealed  a  significant  difference  between  Ranch  Hand  and 
Comparison  officers  (Table  16- 19(a):  Est.  RR=1.49,  p=0.034).  The  prevalence  of  2-hour  postprandial 
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urinary  glucose  was  greater  for  Ranch  Hand  officers  (24.0%)  than  for  Comparison  officers  (17.5%).  The 
adjusted  Model  1  analysis  revealed  a  significant  difference  between  Ranch  Hands  and  Comparisons 
across  all  occupations  and  within  the  officer  stratum  (Table  16-19(b):  Adj.  RR=1.22,  p=0.094; 

Adj.  RR=1.47,  p=0.044,  respectively).  The  presence  of  2-hour  postprandial  urinary  glucose  for  Ranch 
Hands  was  25.1  percent  versus  21.9  percent  for  Comparisons.  For  the  officers,  24.0  percent  of  the  Ranch 
Hands  had  2-hour  postprandial  urinary  glucose  present  versus  17.5  percent  of  the  Comparisons. 


Table  16-19.  Analysis  of  2-Hour  Postprandial  Urinary  Glucose 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


::;^cc^ipatibhaf}:' 

liSiiiiilii 

Number  (%) 
./Pj^ent  tfgffli 

Est.  Relative  Risk 
(95%  C.I.) 

|  *<  p-Value 

All 

Ranch  Hand 

712 

179  (25 J) 

1.19  ( 0.95,1.50 ) 

0.122 

Comparison 

1,021 

224  (21.9) 

Officer 

Ranch  Hand 

283 

68  (24.0) 

1.49(1.03,2.17) 

0.034 

Comparison 

418 

73  (17.5) 

Enlisted  Flyer 

Ranch  Hand 

121 

28  (23.1) 

0.71  (0.41,1.24) 

0.233 

Comparison 

145 

43  (29.7) 

Enlisted 

Ranch  Hand 

308 

83  (26.9) 

1.20  (0.86,1.67) 

0.291 

Groundcrew 

Comparison 

458 

108  (23.6) 

(b)  MODEL  1:  RANCII  HANDS  VS.  COMPARISONS  -  ADJUSTED 

f  Vf/Y  ^  Occupational  Category 

#£f  Stilt  Adjusted'Relatiye-Risk'/  Iflfi 

(95%  C.I.)  • 

All 

1.22(0.97,1.53) 

Officer 

1.47(1.01,2.14) 

Enlisted  Flyer 

0.73  (0.42,1.28) 

0.276 

Enlisted  Groundcrew 

1.26(0.90,1.76) 

0.180 

f  M  V-  it  /Iuitiai  pioxid  Category  Summary  Statistics 

!|U  Analysis  Results  for  Log2  (Initial  Dioxin)a;5?|  1  - 

Number  (%) 

fv^^mtial'jEjioxih  .C  .N  W  i.'fl '/  r ' 

Estimated  Relative  Risk 

'  (95%  C.I.)b :  :  '  :  p- Value  ( 

Low  124  34  (27.4) 

Medium  123  30(24.4) 

High  121  30(24.8) 

0.94  (0.78,1.14)  0.535 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-19.  Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 
Adjusted  Relative  Risk 

fwr-  ■  j  ;  ~  ^ 

p-Value 

363 

0.94  (0.75,1.17) 

0.585 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


>MODEL^  3 BRANCH;  fliANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Number  (%) 

l§nftf  Est  Relative  Risk  . 

tl ;  t  e 

■ ' :l  >  p-Value 

Comparison 

994 

214(21.5) 

Background  RH 

341 

85  (24.9) 

1.20  (0.90,1.60) 

0.222 

Low  RH 

185 

52  (28.1) 

1.43(1.00,2.03) 

0.050 

High  RH 

183 

42  (23.0) 

1.10(0.75,1.60) 

0.636 

Low  plus  High  RH 

368 

94  (25.5) 

1.25  (0.95,1.65) 

0.118 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

|§p|S|p^j|l|li|| 

Adjusted  Relative  Risk 

Dioxin  Category 

■>|  ig|  ;n'  *” 

(95%  C.I.)a  ; 

|  V  Value  ;|||  lH| 

Comparison 

985 

Background  RH 

337 

1.32  (0.98,1.78) 

0.072 

Low  RH 

182 

1.41  (0.98,2.02) 

0.064 

High  RH 

181 

0.97  (0.66,1.44) 

0.885 

Low  plus  High  RH 

363 

1.17(0.88,1.56) 

0.283 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-19.  Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1)  |  §  |  § 

Number  (%) 

1987  Dioxin  n  Present 

Estimated  Relative  Risk 

(95%  C.I.)a  :  .  ;  .  ,  p- Value  : 

Low  264  70  (26.5) 

Medium  228  54  (23.7) 

High  217  55  (25.3) 

0.97  (0.86,1.10)  0.664 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  ——————— —~ 

_ » _ (95%  C.L)a _ p- Value 

_ _ 700_ _ 0.90(0.78,1.03)  0.129 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Both  the  unadjusted  and  adjusted  Model  2  analyses  were  nonsignificant  (Table  16-19(c,d):  p>0.53  for 
each  analysis). 


A  significant  difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  was  seen  in 
the  unadjusted  Model  3  analysis  of  2-hour  postprandial  urinary  glucose  (Table  16-19(e):  Est.  RR=1 .43, 
p=0.050).  After  adjusting  for  co variates,  two  marginally  significant  contrasts  were  seen:  Ranch  Hands  in 
the  background  dioxin  category  versus  Comparisons  (Table  16-19(f):  Adj.  RR=1.32,  p=0.072)  and  Ranch 
Hands  in  the  low  dioxin  category  versus  Comparisons  (Table  16-19(f):  Adj.  RR=1.41,  p=0.064).  The 
presence  of  2-hour  postprandial  urinary  glucose  for  Ranch  Hands  in  the  background  dioxin  category, 
Ranch  Hands  in  the  low  dioxin  category,  and  Comparisons  was  24.9  percent,  28.1  percent,  and  21.5 
percent,  respectively. 

The  unadjusted  and  adjusted  Model  4  analyses  did  not  reveal  a  significant  association  between  2-hour 
postprandial  urinary  glucose  and  1987  dioxin  (Table  16-19(g,h):  p>0.12  for  each  analysis). 

1 6.2.23 . 12  Serum  Insulin  ( Continuous ) 

The  unadjusted  and  adjusted  Models  1  and  2  analyses  of  serum  insulin  in  its  continuous  form  were 
nonsignificant  (Table  16-20(a-d):  p>0.17  for  each  analysis). 

The  unadjusted  Model  3  analysis  revealed  a  significant  difference  in  mean  serum  insulin  levels  between 
Ranch  Hands  in  the  low  plus  high  dioxin  category  and  Comparisons  (Table  16-20(e):  difference  of 
means=5.00  pIU/ml,  p=0.046).  The  mean  serum  insulin  level  for  Ranch  Hands  in  the  low  plus  high 
dioxin  category  was  52.35  jilU/ml  versus  47.35  |iIU/mI  for  Comparisons.  After  adjusting  for  covariates, 
the  results  became  nonsignificant  (Table  16-20(f):  p>0. 19  for  each  contrast). 
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Table  16-20.  Analysis  of  Serum  Insulin  (plU/ml)  (Continuous) 

(a)  MODEL  1: 

ranch  hands  vs.  Comparisons  -  unadjusted 

iliMSiS-ilS1 

illililili 

Sgif  Mean*- 

Difference  of  Means  1 1 
(95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

714 

47.95 

0.03  - 

0.990 

Comparison 

1,023 

47.92 

Officer 

Ranch  Hand 

285 

45.60 

3.20  - 

0.283 

Comparison 

419 

42.40 

Enlisted  Flyer 

Ranch  Hand 

121 

49.81 

-5.11  - 

0.369 

Comparison 

146 

54.92 

Enlisted 

Ranch  Hand 

308 

49.49 

-1.84  - 

0.574 

Groundcrew 

Comparison 

458 

51.33 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


msmum 

RANCU  HANDS  VS.  COMPARISONS  -  ADJU 

Adjusted 

Difference  of  Adj.  Means 

Category 

.  Groups  i-v  > 

v-'  V  -  n 

:;Mean8'  ||g|g§ 

(95%CJ.)b 

All 

Ranch  Hand 

705 

49.07 

1  09  — 

0.562 

Comparison 

1,014 

47.99 

Officer 

Ranch  Hand 

283 

43.72 

2.40  - 

0.353 

Comparison 

418 

41.32 

Enlisted  Flyer 

Ranch  Hand 

118 

49.21 

-2.99  - 

0.548 

Comparison 

142 

52.20 

Enlisted 

Ranch  Hand 

304 

53.35 

1.05  - 

0.735 

Groundcrew 

Comparison 

454 

52.31 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


1  t%i  m.  1  %  *  1  *^eanab 

R2  § fm  (Sta.  Error)0  ff  ‘ 

Low  125  52.55  54.14 

Medium  123  52.18  52.70 

High  121  59.81  57.42 

0.092  0.020  (0.036)  0.571 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-20.  Analysis  of  Serum  Insulin  (fi/U/ml)  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

| H | |  |  Analysis  Results  for  Log2  (Initial  Dioxin)  V  {§§  jj 1 1 

4  ^  \  , 

Adj.  Slope 

R2  -  (Std.  Error)*  : 

p- Value 

Low  124  57.88 

Medium  119  56.68 

High  121  67.03 

0.195  0.054  (0.040) 

0.170 

a  Transformed  from  natural  logarithm  scale. 

Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(cm  MODEL  RANC  H  HANDS  AND  COMPARISONS  15V  DIOXIN  CATEGORY  -  UNADJUSTED 

Adj.  Meanab 

Difference  of  Adj.  Mean: 

1 1  |$  vs.  Comparisons  f  ■ 

5  ||  (95%  CX)C  |i|  1 

|f  ;p-V^liied:  |j 

Comparison 

996 

47.73 

47.35 

Background  RH 

342 

42.18 

45.29 

-2.06  - 

0.393 

Low  RH 

186 

52.51 

51.97 

4.62  - 

0.157 

High  RH 

183 

57.01 

52.74 

5.39  - 

0.105 

Low  plus  High  RH 

369 

54.70 

52.35 

5.00  - 

0.046 

a  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-20.  Analysis  of  Serum  Insulin  (ulU/ml)  (Continuous)  (Continued) 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adj.  Mean8 

I  Difference  of  Adj  .  Mean  1 
vs.  Comparisons  •! 
(95%  C.I.)b  - 

p- Value0 

Comparison 

987 

47.57 

Background  RH 

338 

47.31 

-0.26  - 

0.914 

Low  RH 

183 

49.87 

2.30  - 

0.455 

High  RH 

181 

51.51 

3.94  - 

0.226 

Low  plus  High  RH 

364 

50.68 

3.11  - 

0.195 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 

1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

:•  •  .  •  ■  N  .  -  v.  ..  .  -  ;  '  •  •  '  ' 

HISliSill! 

^ 

R2 

lilfipwii 

Low  264 

Medium  230 

High  217 

0.025 

0.100  (0.023) 

<0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

mg  Analysis  Results  for  Lp g2  (1987 Dioxin  +  |)J  |  |  ^  i 

»  ?  §§  f  f  psp  ^  ^  ''fsl  |f  J  ^  j: 

1987  Dioxin  n  Adj.  Mean3 

4 ?  ?-49S  Adjusted  Slone  |  W 

Low  260  46.56 

Medium  229  47.08 

High  213  53.05 

0.235  0.026  (0.025)  0.305 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  4  analysis  revealed  a  significant  relation  between  serum  insulin  in  its  continuous 
form  and  1987  dioxin  (Table  16-20(g):  slope=0.100,  p<0.001).  The  mean  serum  insulin  levels  in  the 
low,  medium,  and  high  1987  dioxin  categories  were  41.18  jilU/ml,  49.71  jilU/ml,  and  56.76  |iIU/ml, 
respectively.  After  adjustment  for  covariates,  the  association  was  nonsignificant  (Table  16-20(hV 
p=0.305). 

16.2.2.3.13  Serum  Insulin  ( Discrete ) 

Unadjusted  and  adjusted  analyses  in  Models  1  and  2  did  not  show  significant  associations  between  dioxin 
and  serum  insulin  in  its  discrete  form  (Table  16-21(a-d):  p>0.14  for  each  analysis). 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  between  the  percentage  of 
Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  with  abnormally  low  serum  insulin  levels 
(Table  16-21(e):  Est.  RR=0.58,  p=0.082).  The  adjusted  Model  3  analysis  of  abnormally  low  serum 
insulin  levels  revealed  two  marginally  significant  contrasts:  Ranch  Hands  in  the  high  dioxin  category 
versus  Comparisons  (Table  16-21(f):  Adj.  RR=0.55,  p=0.081)  and  Ranch  Hands  in  the  low  plus  high 
dioxin  category  versus  Comparisons  (Table  16-21(f):  Adj.  RR=0.68,  p=0.093).  The  percentages  of 
abnormally  low  serum  insulin  values  for  Ranch  Hands  in  the  high  dioxin  category,  Ranch  Hands  in  the 
low  plus  high  dioxin  category,  and  Comparisons  were  7.1,  8.9,  and  13.2,  respectively. 

The  unadjusted  Model  4  analysis  revealed  a  significant  association  between  1987  dioxin  and  both 
abnormally  low  serum  insulin  levels  (Table  16-21(g):  Est.  RR=0.83,  p=0.050)  and  abnormally  high 
serum  insulin  levels  (Table  16-21(g):  Est.  RR=1.16,  p=0.008).  The  percentage  of  participants  with 
abnormally  low  serum  insulin  levels  decreased  with  1987  dioxin  while  the  percentage  of  participants  with 
abnormally  high  serum  insulin  levels  increased  with  1987  dioxin.  The  percentages  of  participants  with 
abnormally  low  serum  insulin  levels  in  the  low,  medium,  and  high  1987  dioxin  categories  were  15.2, 

1 1.7,  and  7.8,  respectively.  The  percentages  of  participants  with  abnormally  high  serum  insulin  levels  in 
the  low,  medium,  and  high  1987  dioxin  categories  were  34.1, 41.7,  and  49.8,  respectively.  Model  4 
adjusted  analyses  showed  no  significant  association  between  abnormal  serum  insulin  levels  and  1987 
dioxin  (p>0.58  for  both  contrasts). 
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Table  16-21.  Analysis  of  Serum  Insulin  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


■ 

jBRSIP 

_  Number 

Abnormal  Low  vs.  Normal 

§J  Abnormal  High  vs.  Normal 

/X Abnormal." ' 

Abnormal 

Est.  Relative 

Est.  Relative 

;r:|  Normal 

|I  ' 

Risk(95%X.hj 

^Risk  1 

All 

Ranch  Hand 

714 

86  (12.0) 

334  (46.8) 

294(41.2) 

0.85  (0.62,1.15) 

0.278 

0.92  (0.75,1.13)  0.443 

Comparison 

1,023 

138(13.5) 

453  (44.3) 

432  (42.2) 

Officer 

Ranch  Hand 

285 

36  (12.6) 

137(48.1) 

112(39.3) 

0.76  (0.48,1.20) 

0.235 

1.08(0.78,1.49)  0.655 

Comparison 

419 

69  (16.5) 

199  (47.5) 

151  (36.0) 

Enlisted  Flyer 

Ranch  Hand 

121 

15  (12.4) 

56  (46.3) 

50(41.3) 

1.11(0.49,2.51) 

0.803 

0.70(0.42,1.17)  0.173 

Comparison 

146 

14  (9.6) 

58  (39.7) 

74  (50.7) 

Enlisted 

Ranch  Hand 

308 

35  (11.4) 

141  (45.8) 

132  (42.9) 

0.88  (0.55,1.42) 

0.613 

0.89(0.65,1.21)  0.442 

Groundcrew 

Comparison 

458 

55  (12.0) 

196  (42.8) 

207  (45.2) 

(b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  --  ADJUSTED 

<n£*’ 

1 

Hill  11  L 

/  '.V -V'-:;:. 

....  .  ^  ^ 

Abnormal  High ff§f  Normal  ' ; 

^  Occupational  jv  ~ 

M  |  Adj.Relative  Risk  . 

Adj.  Relative  Risk 

. / 

fl - \\ %  .  4 Category" ^  r ' 

;  (95%  C.I.)  : 

p- Value 

.  ■■■■'■..  (95%  C.I.) 

p- Value 

All 

0.79  (0.58,1.08) 

0.143 

0.96(0.77,1.21) 

0.749 

Officer 

0.76  (0.48,1.22) 

0.256 

1.08  (0.75,1.53) 

0.688 

Enlisted  Flyer 

0.83  (0.35,1.95) 

0.671 

0.72  (0.41,1.27) 

0.257 

Enlisted  Groundcrew 

0.81  (0.50,1.33) 

0.412 

0.97  (0.69,1.36) 

0.870 

Table  16-21.  Analysis  of  Serum  Insulin  (Discrete)  (Continued) 


(e)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

initial  Dioxin  Category  Summary  Statistics 

Number  (%) 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Abnormal  Low  vs.  Normal  Abnormal  High  ys.  Normal 

Initial  Dioxin  Abnormal  Abnormal 

Category  n  Low  Normal  High 

B  Est.  Relative  Risk 

(95%  C.L)b  p- Value 

Est  Relative  Risk 

(95%C:I.)K  pi  Value 

Low  125  12  (9.6)  61  (48.8)  52(41.6) 

Medium  123  13(10.6)  51  (41.5)  59(48.0) 

High  121  8  (6.6)  52(43.0)  61  (50.4) 

0.96(0.70,1.32)  0.815 

1.07(0.90,1.28)  0.447 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

Adj.  Relative  Risk  .. 

0**CJir  p-Valu. 

Adj.  Relative  Risk 

(95%  C.I.)a  p- Value 

364  0.97(0.65,1.47)  0.901 

1.15(0.93,1.43)  0.182 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  race  because  of  the  sparse  number  of  Ranch  Hands  with  an  abnormally  low  serum  insulin  level. 
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Table  16-21.  Analysis  of  Serum  Insulin  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UN 

ADJUSTED 

■  ‘  ' \:.r. 

...  ■  ;  ,  ■■  ::  ■  : 

Dioxin  Category 

v  Number  (  %) 

'  -  Abnormal  Low  vs.  Normal  v 

'  '  '  ■■  ••  •'  ' .  '  :  ••  •■'  '  ^  ■:  ?: 

i  vs.  Normal  , 

Normal 

Abnormal 

Est.  Relative  Risk 
(95%  C.!.)** 

IpfPiPPI 

v,$^i v 

Est  Relative  Risk 

pSHSipil 

Comparison 

996 

131  (13.2) 

447  (44.9) 

418  (42.0) 

Background  RH 

342 

51  (14.9) 

169  (49.4) 

122  (35.7) 

0.96  (0'66,1.39) 

0.820 

0.91  (0.69,1.20) 

0.507 

Low  RH 

186 

20  (10.8) 

81  (43.5) 

85  (45.7) 

0.84  (0.50,1.43) 

0.527 

1.14  (0.81,1.61) 

0.460 

High  RH 

183 

13  (7.1) 

83  (45.4) 

87  (47.5) 

0.58  (0.31,1.07) 

0.082 

0.99  (0.70,1.40) 

0.968 

Low  plus  High  RH 

369 

33  (8.9) 

164  (44.4) 

172  (46.6) 

0.70  (0.45,1.07) 

0.102 

1.06  (0.82,1.39) 

0.643 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-21.  Analysis  of  Serum  Insulin  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


,  Abnormal  Low  vs.  Normal 

Abnormal  High  vs.  Normal 

Adj.  Relative  Risk 

£‘  Adj.  Relative  Risk 
.  (95%  C.I.)a 

1 1 1  |lp |  p-Value  1 1  111  1 1  ggji 

Comparison 

987 

Background  RH 

338 

0.90(0.61,1.31) 

0.573 

0.99  (0.74,1.34) 

0.971 

Low  RH 

183 

0.82  (0.47,1.44) 

0.496 

1.00  (0.70,1.44) 

0.994 

High  RH 

181 

0.55  (0.29,1.08) 

0.081 

0.94  (0.65,1.37) 

0.759 

Low  plus  High  RH 

364 

0.68  (0.43,1.07) 

0.093 

0.97  (0.74,1.28) 

0.843 

3  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  —  UNADJUSTED 

.  1987  Dioxin  Category  Summary  Statistics  |  Analysis  Results  for  Log*  (1987  Dioxin  + 1) 

Number  (%)  II  Abnormal  Low  vs.  Normal  Abnormal  High  vs.  Normal 

1987  Dioxin  Abnormal  Abnormal 

"Horiiial"’ 5S33J  , High  ^ 

Est  Relative  Risk 
■  (9$%  C.I.V  p-Value 

|gjgj  j  (95%  jjj|f  |lj  j  p-Value 

Low  264  40(15.2)  134(50.8)  90(34.1) 

Medium  230  27(11.7)  107(46.5)  96(41.7) 

High  217  17  (7.8)  92(42.4)  108(49.8) 

0.83(0.69,1.00)  0.050 

1.16(1.04,1.30)  0.008 

3  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Table  16-21.  Analysis  of  Serum  Insulin  (Discrete)  (Continued) 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


J 6.2.2.3.14  a-l-C  Hemoglobin  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  difference  in  mean  a-l-C 
hemoglobin  levels  between  all  Ranch  Hands  and  Comparisons  or  after  stratifying  by  occupation  (Table 
16-22(a,b):  p>0.28  for  each  analysis). 


Table  16-22.  Analysis  of  a-1-C  Hemoglobin  (percent)  (Continuous) 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

BlillBSteiifiii 

Mean® 

Difference  of  Means 
(95%  C.I.)h 

p-Value*  !|!l 

All 

Ranch  Hand 

868 

6.48 

-0.01  ~ 

0.919 

Comparison 

1,250 

6.49 

Officer 

Ranch  Hand 

339 

6.37 

0.07  - 

0.387 

Comparison 

494 

6.31 

Enlisted  Flyer 

Ranch  Hand 

151 

6.53 

-0.14- 

0.280 

Comparison 

187 

6.67 

Enlisted 

Ranch  Hand 

378 

6.57 

-0.03  - 

0.714 

Groundcrew 

Comparison 

569 

6.59 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)MOpEt>l: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

IlilliliiiiillS 

Occupational 

if|! 

%  Difference  of  Adj.  Means, 

Alt 

Ranch  Hand 

859 

6.77 

0.01  - 

0.882 

Comparison 

1,238 

6.76 

Officer 

Ranch  Hand 

337 

6.61 

0.06  - 

0.427 

Comparison 

492 

6.55 

Enlisted  Flyer 

Ranch  Hand 

148 

6.74 

-0.14  - 

0.284 

Comparison 

181 

6.88 

Enlisted 

Ranch  Hand 

374 

6.91 

0.01  - 

0.905 

Groundcrew 

Comparison 

565 

6.90 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  16-22.  Analysis  of  a-1-C  Hemoglobin  (percent)  (Continuous)  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)1’  ifti  | 

Initial  Dioxin 

n:- 

Mean3 

Adj.  Mean3b 

R2 

(Std.  Error)c  p-Value  /«- 

Low 

159 

6.43 

6.47 

0.107 

0.017  (0.006)  0.009 

Medium 

161 

6.70 

6.71 

High 

160 

6.77 

6.72 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MQDEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

| lH i  Analysis  Results  for’  Log2  (Initial  Dioxin)  1 lg §j$gj| If  J§| 

Adj.  Slope 

R2  (Std.  Error)1’  p-Value 

Low  158  6.68 

Medium  157  7.01 

High  160  7.05 

0.163  0.024(0.007)  0.001 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

fj"  4't »  raj*1  C, 1  f  n  *  t  s  ^  -i  " *  5  . '  L,  *  ^  ’J  \  D^fpren|evof  &€y^M£an\?  ^  ^  ?k 


Dioxin  Category 

iSiiiliiSUl 

Mean3 

Adj.  Meanab 

vs.  Comparisons  I 

Comparison 

1,212 

6.49 

6.48 

Background  RH 

381 

6.29 

6.38 

-0.10- 

0.116 

Low  RH 

238 

6.47 

6.44 

-0.04  - 

0.588 

High  RH 

242 

6.79 

6.70 

0.22  - 

0.005 

Low  plus  High  RH 

480 

6.63 

6.57 

0.09  - 

0.138 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-22.  Analysis  of  a-1-C  Hemoglobin  (percent)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY -ADJUSTED 

Dioxin  Category 

MM 

Cl%;|;;;jjAdj.;Meana  f||g|3 

|f|  Difference  of  Adj  f  Mean 

111 

p-Valuec . 

Comparison 

1,200 

6.78 

Background  RH 

377 

6.72 

-0.06  - 

0.412 

Low  RH 

235 

6.70 

-0.08  - 

0.330 

High  RH 

240 

6.97 

0.19- 

0.022 

Low  plus  High  RH 

475 

6.83 

0.05  - 

0.363 

3  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after,  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

& | !  UJ  1987  Dipxiii  Category  Summary  Statistics  ,x 

’KfSIi:  Analysis 

Results  for  Log2  (1987  Di 

fill! 

1987  Dioxin  n  Mean® 

ililiill 

Slope 

Low  288  6.24 

Medium  286  6.46 

High  287  6.74 

0.033 

0.021  (0.004)  <0.001 

3  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  log2  (1987  dioxin  +  1), 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1*)87  DIOXIN  -  ADJUSTED 

*  1 

|  l987pi£xm  ,  n  If  x&dj.  Meato*^ 

R2  (Std.  Error)1’  p- Value 

Low  284  6.63 

Medium  285  6.68 

High  283  7.02 

0.119  0.016(0.005)  <0.001 

3  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


Both  the  unadjusted  and  adjusted  Model  2  analyses  revealed  significant  relations  between  a-l-C 
hemoglobin  and  initial  dioxin  (Table  16-22(c,d):  slope=0.017,  p=0.009,  for  the  unadjusted  analysis; 
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adjusted  slope=0.024,  p=0.001,  for  the  adjusted  analysis).  The  adjusted  mean  a-l-C  hemoglobin  levels  in 
the  low,  medium,  and  high  initial  dioxin  categories  were  6.68, 7.01,  and  7.05  percent,  respectively. 

The  unadjusted  and  adjusted  Model  3  analyses  each  revealed  a  significant  difference  between  Ranch 
Hands  in  the  high  dioxin  category  and  Comparisons  (Table  16-22(e,f):  difference  of  means=0.22  percent, 
p=0.005,  for  the  unadjusted  analysis;  difference  of  adjusted  means=0.19  percent,  p=0.022,  for  the 
adjusted  analysis).  The  adjusted  mean  a-l-C  hemoglobin  level  for  Ranch  Hands  in  the  high  dioxin 
category  was  6.97  percent  versus  6.78  percent  for  the  Comparisons. 

A  significant  relation  was  seen  between  a-l-C  hemoglobin  in  its  continuous  form  and  1987  dioxin  in 
each  of  the  unadjusted  and  adjusted  Model  4  analyses  (Table  16-22(g,h):  slope=0.021,  p<0.001;  adjusted 
slope=0.0 1 6,  p<0.00 1 ,  respectively).  The  adjusted  mean  a-l-C  hemoglobin  levels  in  the  low,  medium, 
and  high  initial  dioxin  categories  were  6.63  percent,  6.68  percent,  and  7.02  percent,  respectively. 

16.2.2.3.15  a-l-C  Hemoglobin  ( Discrete ) 

The  unadjusted  Model  1  analysis  of  a-l-C  hemoglobin  in  its  discrete  from  did  not  reveal  any  significant 
differences  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each  occupational 
stratum  (Table  16-23(a):  p>0.25  for  each  contrast).  The  adjusted  analysis  did  not  reveal  a  significant 
overall  group  difference  between  Ranch  Hands  and  Comparisons  (Table  16-23(b):  p=0.373).  After 
stratifying  by  occupation,  a  marginally  significant  difference  was  seen  between  Ranch  Hand  and 
Comparison  enlisted  groundcrew  (Table  16-23(b):  Adj.  RR=1.43,  p=0.087).  The  percentage  of  Ranch 
Hand  enlisted  groundcrew  with  high  a-l-C  hemoglobin  values  was  13.8  percent  versus  11.2  percent  for 
Comparison  enlisted  groundcrew. 


Table  16-23.  Analysis  of  a-1-C  Hemoglobin  (Discrete) 


(a)  MODEL!: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

mmmm 

Occupational 

.  w  Number  (%) 

Est.  Relative  Risk 

.^4;  Category  "f,  | 

| jlffj  Group  ,  igfgji 

S'A: 

High 

All 

Ranch  Hand 

868 

97  (11.2) 

1.08(0.82,1.43) 

0.571 

Comparison 

1,250 

130  (10.4) 

Officer 

Ranch  Hand 

339 

28  (8.3) 

1.11  (0.67,1.85) 

0.684 

Comparison 

494 

37  (7.5) 

Enlisted  Flyer 

Ranch  Hand 

151 

17(11.3) 

0.69  (0.36,1.31) 

0.259 

Comparison 

187 

29  (15.5) 

Enlisted 

Ranch  Hand 

378 

52  (13.8) 

1.26  (0.85,1.86) 

0.250 

Groundcrew 

Comparison 

569 

64(11.2) 

16-83 


Table  16-23.  Analysis  of  a-1-C  Hemoglobin  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

■■i  :  Adjusted  Relative  Risk  l  J 

;  (95%  C.I.)  : 

p-Value 

All 

1.14  (0.85,1.53) 

0.373 

Officer 

1.13(0.67,1.90) 

0.652 

Enlisted  Flyer 

0.65  (0.33,1.28) 

0.210 

Enlisted  Groundcrew 

1.43  (0.95,2.16) 

0.087 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

'  4  M '?  k’ )  Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8  | *  1 

=  -Number 

Initial  Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Vaiue 

Low  159  16(10.1) 

Medium  161  23  (14.3) 

High  160  31  (19.4) 

1.28(1.05,1.56)  0.013 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


id)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adjusted  Relative  Risk 

'  n  Y\  V. (95%  C.I.)8 

475  1.53  (1.19,1.96)  Q.QQ1 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(eJ  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

f|  Dioxin  Category 

Number  (%) 

■nas^MHiisfi 

Est.  Relative  Risk 
(95%  C.I.)ab 

Comparison 

1,212 

125  (10.3) 

Background  RH 

381 

25  (6.6) 

0.75  (0.47,1.18) 

0.210 

Low  RH 

238 

25  (10.5) 

0.95  (0.60,1.53) 

0.841 

High  RH 

242 

45  (18.6) 

1.73(1.17,2.55) 

0.006 

Low  plus  High  RH 

480 

70  (14.6) 

1.29  (0.92,1.80) 

0.138 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-23.  Analysis  of  a-1-C  Hemoglobin  (Discrete)  (Continued) 

If)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


jL;V  f/'ji  if.-iffefMfcte 

Adjusted  Relative  Risk 

p-Value 

Comparison 

1,200 

Background  RH 

377 

0.84  (0.53,1.35) 

0.474 

Low  RH 

235 

0.94  (0.58,1.52) 

0.799 

High  RH 

240 

1.76(1.16,2.67) 

0.008 

Low  plus  High  RH 

475 

1.29  (0.91,1.82) 

0.148 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(«l  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

5§§Jj§ 

;3§jb' » Analysis  Results  forXog2  (1987  Dioxin  jg  §•  ? 

Number  (%) 

1987  Dioxin  n  High 

Estimated  Relative  Risk 

(95%  C.I.)8  p-Value 

Low  288  16  (5.6) 

Medium  286  28  (9.8) 

High  287  51  (17.8) 

1.39(1.21,1.60)  <0.001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

_ 852 _ 1.37(1.15,1.64) _ _ _  <0,001 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  and  adjusted  Model  2  analyses  each  revealed  significant  associations  between  initial 
dioxin  and  a-l-C  hemoglobin  in  its  dichotomous  form  (Table  16-23(c,d):  Est.  RR=1.28,  p=0.013; 

Adj.  RR=1.53,  p=0.001,  respectively).  The  percentages  of  Ranch  Hands  with  high  a-l-C  hemoglobin 
values  in  the  low,  medium,  and  high  initial  dioxin  categories  were  10.1,  14.3,  and  19.4,  respectively. 

The  Model  3  unadjusted  and  adjusted  analyses  each  revealed  a  significant  difference  in  the  percentage  of 
high  a-l-C  hemoglobin  values  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons 
(Table  16-23(e,f):  Est.  RR=1.73,  p=0.006;  Adj.  RR=1.76,  p=0.008,  respectively).  The  percentage  of 
high  a-l-C  hemoglobin  values  for  Ranch  Hands  in  the  high  dioxin  category  was  18.6  versus  10.3  percent 
for  Comparisons. 


16-85 


A  significant  relation  was  seen  between  a-l-C  hemoglobin  and  1987  dioxin  in  each  of  the  Model  4 
unadjusted  and  adjusted  analyses  (Table  16-23(g,h):  Est.  RR=1.39,  pcO.OOl;  Adj.  RR=1.37,  pcO.OOl, 
respectively).  The  percentages  of  participants  with  high  a-l-C  hemoglobin  values  in  the  low,  medium, 
and  high  1987  dioxin  categories  were  5.6,  9.8,  and  17.8,  respectively. 

16.2.2.3.16  Total  Testosterone  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  any  significant  differences  in  mean  total 
testosterone  levels  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each 
occupational  stratum  (Table  16-24(a,b):  p>0.57  for  each  contrast). 


Table  16-24.  Analysis  of  Total  Testosterone  (ng/dl)  (Continuous) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

;0^upationalf 

|  Mean*  i 

Difference  of  Means  ill 

f  ii  (95% 

|S  f|lj 

All 

Ranch  Hand 

850 

423.1 

0.5- 

0.945 

Comparison 

1,227 

422.6 

Officer 

Ranch  Hand 

330 

406.9 

-6.4  - 

0.606 

Comparison 

485 

413.4 

Enlisted  Flyer 

Ranch  Hand 

146 

439.6 

11.2- 

0.577 

Comparison 

182 

428.4 

Enlisted 

Ranch  Hand 

374 

431.2 

2.5  - 

0.835 

Groundcrew 

Comparison 

560 

428.7 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 


comparisons  -  Adjusted: 


mmmm 

» |  <  Grbpp  1  j 

Adjusted 
Mean*  . 

$j£  Difference  of  Adj.  Means  || 
(95%  C.I.)b 

All 

Ranch  Hand 

847 

422.3 

-1.1  - 

0.883 

Comparison 

1,227 

423.4 

Officer 

Ranch  Hand 

329 

412.5 

-2.2  - 

0.848 

Comparison 

485 

414.7 

Enlisted  Flyer 

Ranch  Hand 

145 

439.6 

9.2- 

0.618 

Comparison 

182 

430.4 

Enlisted 

Ranch  Hand 

373 

418.5 

1 

w 

1 

K 

0.733 

Groundcrew 

Comparison 

560 

422.2 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  16-24.  Analysis  of  Total  Testosterone  (ng/dl)  (Continuous)  (Continued) 
(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics  [|  Analysis  Results  for  Log2  (Initial  Dioxm)b 


Initial  Dioxin 

n 

Mean8 

Adj.  Meanab 

R2 

III  |  -  Slope  11111® 
(Std.  Error)* 

p-Value 

Low 

156 

404.1 

mmsom 

0.118 

0.287  (0.144) 

Medium 

160 

392.3 

Jilgh _ 

156 

421.1 

— 

a  Transformed  from  square  root  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  Iog2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

IIn?uail^if?ijla;Category  Summary  Statistics  fj ||| 

V  |  Analysis  Results  for  Log2  (Initial  Dioxin)  §j Jjf g  jjj  j 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

R2  (Std.  Error) b  p-Value 

Low  156  415.1 

Medium  159  395.2 

High  156  404.7 

0.206  -0.015  (0.161)  0.927 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


|§J  ,  DioXinCategory  ftp 

g  \  <  n  -  '  x 

Adj.  Mean8b 

Difference  of  Adj.  Mean  ; 

1  S  vs.  Comparisons  ®!4l 

Comparison 

1,189 

422.0 

423.0 

Background  RH 

372 

448.1 

429.8 

6.8  - 

0.499 

Low  RH 

234 

399.1 

404.6 

-18.4  - 

0.118 

High  RH 

238 

412.1 

429.4 

6.4  - 

0.592 

Low  plus  High  RH 

472 

405.6 

417.0 

1 

On 

o 

1 

1 

0.508 

a  Transformed  from  square  root  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 

P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-24.  Analysis  of  Total  Testosterone  (ng/dl)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

n  ■■'= 

j||i||lf  ^^dJ.:Meana 

Difference  of  Adj.  Mean 
vs.  Comparisons 

|  ;  |  ||(  <95%  CX)*  || fjy 

p- Value" 

Comparison 

1,189 

422.9 

Background  RH 

370 

434.4 

11.5  - 

0.248 

Low  RH 

234 

414.5 

-8.4  - 

0.470 

High  RH 

237 

416.8 

-6.1- 

0.613 

Low  plus  High  RH 

471 

415.7 

-7.2  - 

0.420 

a  Transformed  from  square  root  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean8 

Slope 

R2  (Std.  Error)b  p-Value 

Low  281  455.3 

Medium  281  408.2 

High  282  409.7 

0.010  -0.296(0.101)  0.003 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  Iog2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h) MODEL 4:  RANCH HANDS -1987 DIOXIN -ADJUSTED 

plilli  4987  Dioxin  Category  Summary  Statistics  Analysis  Results  for  Log2  (1987  Dioxin  +  1)T  ?  1 

1987  Dioxin  n  Adj.  Mean" 

"fhK  |§  AdidstedSlppe 

R:  i Std.  Krror,’  p-Vahic  - 

Low  279  439.1 

Medium  281  418.6 

High  281  409.3 

0.193  -0.149(0.109)  0.172 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  2  analysis  revealed  a  significant  relation  between  initial  dioxin  and  total 
testosterone  in  its  continuous  form  (Table  16-24(c):  slope=0.287,  p=0.047).  After  adjusting  for 
covariates,  the  results  became  nonsignificant  (Table  16-24(d):  p=0.927). 

The  unadjusted  and  adjusted  Model  3  analyses  of  total  testosterone  showed  no  significant  mean 
differences  between  any  of  the  Ranch  Hand  dioxin  categories  and  the  Comparison  group  (Table 
16-24(e,f):  p>0. 11  for  each  contrast). 

A  significant  relation  between  1987  dioxin  and  total  testosterone  was  revealed  in  the  unadjusted  Model  4 
analysis  (Table  16-24(g):  slope--0.296,  p=0.003).  After  covariate  adjustment,  the  results  became 
nonsignificant  (Table  16-24(h):  p=0.172). 


1 6.2.23. 1 7  Total  Testosterone  (Discrete ) 

The  unadjusted  and  adjusted  Models  1  and  2  analyses  of  total  testosterone  in  its  dichotomous  form  were 
not  significant  (Table  16-25(a-<l):  p>0.30  for  each  analysis). 


Table  16-25.  Analysis  of  Total  Testosterone  (Discrete) 

(a)MppEIjl: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUST 

Number  (%) 
how 

Est  Relative  Risk  *  > 

Bftfjt p*  Value  111! 

All 

Ranch  Hand 

850 

72  (8.5) 

1.17(0.85,1.61) 

0.344 

Comparison 

1,227 

90  (7.3) 

Officer 

Ranch  Hand 

330 

29  (8.8) 

1.28  (0.76,2.14) 

0.352 

Comparison 

485 

34  (7.0) 

Enlisted  Flyer 

Ranch  Hand 

146 

12(8.2) 

1.39  (0.60,3.25) 

0.445 

Comparison 

182 

11  (6.0) 

Enlisted 

Ranch  Hand 

374 

31  (8.3) 

1.03  (0.64,1.67) 

0.890 

Groundcrew 

Comparison 

560 

45  (8.0) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Hiaiiaiii** 

Adjusted  Relative  Risk  ;;®il 

II 1 1 1  Occupational  Category  I 1 

'(95%  CJ.) 

All 

1.16(0.83,1.63) 

0.378 

Officer 

1.22  (0.71,2.07) 

0.475 

Enlisted  Flyer 

1.21  (0.50,2.96) 

0.673 

Enlisted  Groundcrew 

1.11  (0.67,1.83) 

0.688 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)* 

t  ...  *  Ti.  Number  (%) 

Initial  Dioxin’’  n  Low 

M  EstimatedRelati ve  Risk  f  |^|  t 

(95%  C.I.)h  p- Value 

Low  156  13  (8.3) 

Medium  160  19(11.9) 

High  156  16  (10.3) 

1.00(0.80,1.26)  0.973 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-25.  Analysis  of  Total  Testosterone  (Discrete)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

'  *  t  \  i  \  l  •  I  >  )  '• Analysis  Results  for JJpgj  (Initial  Dioxin)*  "  *  v"'  5  '  ^ 

Adjusted  Relative  Risk 

n  (95%  CJ.)a  p -Value 

_ 471 _ 1.16(0.87,1.55) _ 0.307 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


COMPARISONS  \BY  DIOXIN  CATEGORY 

-UNADJUSTED  Jj| 

Number  (%) 

llBliwiiiiili 

*  Est  Relative  Risk 
(95%  C.I.)ab 

p-Value 

Comparison 

1,189 

88  (7.4) 

Background  RH 

372 

23  (6.2) 

1.04  (0.64,1.69) 

0.878 

Low  RH 

234 

20  (8.6) 

1.08  (0.64,1.84) 

0.767 

High  RH 

238 

28(11.8) 

1.40  (0.88,2.25) 

0.156 

Low  plus  High  RH 

472 

48  (10.2) 

1.23  (0.84,1.82) 

0.285 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Adjusted  Relative  Risk 

1 1 1 1| |  Dioxin  Category  j| : 

(95%  C.I.)a 

Hill i  |§] 

Comparison 

1,189 

Background  RH 

370 

0.98  (0.59,1.62) 

0.934 

Low  RH 

234 

0.95  (0.55,1.62) 

0.841 

High  RH 

237 

1.55  (0.94,2.55) 

Low  plus  High  RH 

471 

1.21  (0.82,1.80) 

0.340 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-25.  Analysis  of  Total  Testosterone  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Number  (%) 

1987  Dioxin  n  Low 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  281  17  (6.0) 

Medium  281  21  (7.5) 

High  282  33(11.7) 

1.22(1.05,1.43)  0.013 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED  ~  ; 

i  t  f  4  R&ultefpr  Log2:  (1987pioxin  +  ljc  <  'v:  k  \  M  <  ?  y  ^ 

_ n _  (95%  CX)a _ p-Value 

841  1.20  (0.96,1.49)  0.106 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  3  analysis  did  not  reveal  any  significant  differences  between  any  of  the  Ranch 
Hand  dioxin  categories  and  the  Comparison  group  (Table  16-25(e):  p>0.15  for  each  contrast).  Adjusting 
for  covariates  revealed  a  marginally  significant  difference  in  the  percentage  of  low  total  testosterone 
values  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table  16-25(f):  Adj. 
RR=1.55,  p=0.085).  The  percentage  of  low  total  testosterone  values  for  Ranch  Hands  in  the  high  dioxin 
category  was  11.8  versus  7.4  percent  for  Comparisons. 

The  unadjusted  Model  4  analysis  revealed  a  significant  relation  between  1987  dioxin  and  total 
testosterone  in  its  discrete  form  (Table  16-25(g):  Est.  RR=1.22,  p=0.013).  After  adjusting  for  covariates, 
the  results  became  nonsignificant  (Table  16-25(h):  p=0.106). 

16.2.2.3.18  Free  Testosterone  ( Continuous ) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  difference  in  mean  free 
testosterone  levels  between  all  Ranch  Hands  and  Comparisons  or  after  stratifying  by  occupation  (Table 
16-26(a,b):  p>0.20  for  each  analysis). 


16-91 


Table  16-26.  Analysis  of  Free  Testosterone  (pg/ml)  (Continuous) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

§jf  Occupational 

Difference  of  Means 
(95%C.I.)b 

p- Valued  jllJ 

All 

Ranch  Hand 

850 

13.96 

0.04- 

0.852 

Comparison 

1,227 

13.92 

Officer 

Ranch  Hand 

330 

12.91 

-0.36  - 

0.269 

Comparison 

485 

13.26 

Enlisted  Flyer 

Ranch  Hand 

146 

14.03 

0.08  - 

0.878 

Comparison 

182 

13.95 

Enlisted 

Ranch  Hand 

374 

14.89 

0.40- 

0.209 

Groundcrew 

Comparison 

560 

14.49 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

14  Occupational 

Adjusted 

%  Difference  of  Adj.  Means 

vC^tego^y^'J  | 

•  .  n  • 

(95%  C.I.)b 

p|Valuec4’^  1 

All 

Ranch  Hand 

847 

13.80 

0.01  - 

0.941 

Comparison 

1,227 

13.79 

Officer 

Ranch  Hand 

329 

13.39 

-0.21  - 

0.464 

Comparison 

485 

13.61 

Enlisted  Flyer 

Ranch  Hand 

145 

14.23 

0.13- 

0.783 

Comparison 

182 

14.10 

Enlisted 

Ranch  Hand 

373 

13.81 

0.17- 

0.528 

Groundcrew 

Comparison 

560 

13.64 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL 

'  -  -  . '  ' 

SBESS 

gm 

AL  DIOXIN  -  UNADJUSTED 

WBBeES 

-  mama 

||3j||  Analysis  Results  for  Log2  (InitiaI  Dioxin)b  fp| §  l|; 

initial  ifl 

iim 

n 

Adj.Mean01’ 

:  R2  .  (Std.  Error)' 

llliliillllll 

Low 

156 

13.08 

12.94 

0.084  0.066  (0.022) 

0.003 

Medium 

160 

13.69 

13.68 

High _ 

156 

14.59 

14.75 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-26.  Analysis  of  Free  Testosterone  (pg/ml)  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

.  ;  >  ; 'Analysis  Results  for  Log2  (Initial  Dioxin)  '  /  ' 

Initial  Dioxin  n  Adj.  Mean8 

Adj,  Slope 

R2  (Std.Error)b  p-Value 

0.240  -0.008  (0.024)  0.742 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (initial  dioxin). 


Note:  Low  =  27—63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


|^|^jC||  |[ANPS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Mean* 

||jf  Adj.  Meanab  || 

Difference  of  Adj*  Mean 

1  Vs.  Comparisons  §||§ 

i  Hi  (9s%cx.Yi  i  Hi 

j|  prYa|Iued 

Comparison 

1,189 

13.93 

13.95 

Background  RH 

372 

14.24 

13.85 

-0.10- 

Low  RH 

234 

13.11 

13.23 

High  RH 

238 

14.46 

14.85 

HRS  9 

Low  plus  High  RH 

472 

13.78 

14.03 

0.745 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)r^  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


!§§J|  Dioxin  Category  '4^|^ 

siiPtil* 

•  -  ■>  /  ;•  ’  '  ;  •  ■  : 

|f  :|?:4 

Difference  of  Adj.  Mean  U  J 

|  1  (95%  CL)* 

Comparison 

1,189 

13.80 

Background  RH 

370 

13.98 

0.18- 

Low  RH 

234 

13.50 

-0.30  - 

High  RH 

237 

13.94 

0.14- 

Low  plus  High  RH 

471 

13.72 

-0.08  - 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-26.  Analysis  of  Free  Testosterone  (pg/ml)  (Continuous)  ( Continued ) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

5  Analysis  Results  for  Log2  (1987  Dioxin  +1)  |  Jgl  1 

1987  Dioxin  n  Mean11 

Slope 

R2  (Std.  Error)1'  p- Value 

Low  281  14.56 

Medium  281  13.17 

High  282  14.23 

0.001  -0.010  (0.015)  0.489 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

;  |  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  4 :  ,  C'( 

1  I  Adjusted  Slope 

HifllS  r2  ||ij  1  (Std.  Error)b  I  fP' Value  >v » 

Low  279  14.49 

Medium  281  13.65 

High  281  13.66 

0.234  -0.029  (0.016)  0.066 

a  Transformed  from  square  root  scale. 

Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  significant  association  was  seen  between  free  testosterone  and  initial  dioxin  in  the  unadjusted  Model  2 
analysis  (Table  16-26(c):  slope=0.066,  p=0.003).  The  adjusted  analysis  results  were  nonsignificant 
(Table  16-26(d):  p=0.742). 

The  unadjusted  Model  3  analysis  of  free  testosterone  in  its  continuous  form  revealed  two  significant 
contrasts:  Ranch  Hands  in  the  low  dioxin  category  versus  Comparisons  and  Ranch  Hands  in  the  high 
dioxin  category  versus  Comparisons  (Table  16-26(e):  difference  of  means=-0.72  pg/ml,  p=0.022; 
difference  of  means=0.90  pg/ml,  p=0.006,  respectively).  The  adjusted  analysis  did  not  reveal  any 
significant  contrasts  (Table  16 -26(f):  p>0.31  for  each  contrast). 

The  unadjusted  Model  4  analysis  did  not  reveal  any  significant  relation  between  1987  dioxin  and  free 
testosterone  in  its  continuous  form  (Table  16-26(g):  p=0.489).  After  covariate  adjustment,  a  marginally 
significant  inverse  relation  between  1987  dioxin  and  mean  free  testosterone  level  was  seen  (Table 
16-26(h):  adjusted  slope=— 0.029,  p=0.066).  The  adjusted  mean  free  testosterone  levels  in  the  low, 
medium,  and  high  1987  dioxin  categories  were  14.49  pg/ml,  13.65  pg/ml,  and  13.66  pg/ml,  respectively. 

16.2.2.3.19  Free  Testosterone  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  overall  group  difference 
between  Ranch  Hands  and  Comparisons  (Table  16-27(a,b):  p>0.81  for  both  analyses).  In  each  of  the 
unadjusted  and  adjusted  analyses,  stratifying  by  occupation  revealed  a  marginally  significant  difference 
between  Ranch  Hands  and  Comparisons  in  the  enlisted  flyer  stratum  (Table  16-27(a,b):  Est.  RR=7.76, 
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p-0.059;  Adj.  RR-6.41,  p-0.091,  respectively).  The  percentage  of  low  free  testosterone  values  for  the 
Ranch  Hand  enlisted  flyers  was  4.1  versus  0.5  percent  for  Comparison  enlisted  flyers. 


Table  16-27.  Analysis  of  Free  Testosterone  (Discrete) 


VS;  COMPARISONS  -  IJ^DJUSTED 


'  Occupational 

gli^PllgiS 

Number  (%) 

Est  Relative  Risk  Hi! 

p-Value 

All 

Ranch  Hand 

850 

15  (1.8) 

1.08(0.55,2.13) 

0.815 

Comparison 

1,227 

20  (1.6) 

Officer 

Ranch  Hand 

330 

7(2.1) 

1.03  (0.39,2.73) 

0.954 

Comparison 

485 

10(2.1) 

Enlisted  Flyer 

Ranch  Hand 

146 

6  (4.1) 

7.76  (0.92,65.18) 

0.059 

Comparison 

182 

1  (0.5) 

Enlisted 

Ranch  Hand 

374 

2  (0.5) 

0.33  (0.07,1.53) 

0.157 

Groundcrew 

Comparison 

560 

9(1.6) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category  :  :  V  y(?5%  C.-L): .  •  p-Value 


All 

1.09  (0.54,2.19) 

0.812 

Officer 

1.06  (0.39,2.90) 

0.911 

Enlisted  Flyer 

6.41  (0.74,55.13) 

0.091 

Enlisted  Groundcrew 

0.37  (0.08,1.76) 

0.210 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)8 

Number  (%) 

Initial  Dioxin  n  Low 

(95%  C.I.)b  p-Value 

Low  156  5  (3.2) 

Medium  160  4  (2.5) 

High  156  0(0.0) 

0.46(0.21,0.98)  0.019 

*  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

1  ;  1  § 

■ 

Ab  f  Aji9lySiSReSu!tsfOTLog2amaalDioxin)^^ 

Adiusted  Relative  Rfck 
n  '  (95%  C.I.)“ 

p-Value 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  are  not  adjusted  for  occupation  because  of  the  sparse  number  of  participants  with  a  low  free 
testosterone  level. 
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Table  16-27.  Analysis  of  Free  Testosterone  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

\:f„,  |  DioxmCategdry 

n 

■  Number  (%) 

Low 

Est  Relative  Risk 
(95%  C.I.)ab 

p- Value 

Comparison 

1,189 

20  (1.7) 

Background  RH 

372 

5  (1.3) 

0.94  (0.35,2.55) 

0.906 

Low  RH 

234 

8  (3.4) 

1.95  (0.84,4.52) 

0.120 

High  RH 

238 

1  (0.4) 

0.21  (0.03,1.57) 

0.128 

Low  plus  High  RH 

472 

9  (1.9) 

0.63  (0.20,1.99) 

0.431 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

•  Adjusted  Relative  Risk:  llfllllliipi 

iillilpiilljiplil 

Comparison 

1,189 

Background  RH 

370 

0.88  (0.32,2.46) 

0.811 

Low  RH 

234 

1.38  (0.57,3.35) 

High  RH 

237 

0.28  (0.04,2.21) 

0.227 

Low  plus  High  RH 

471 

0.62  (0.19,2.01) 

0.424 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

|  ;1  k  f V4’I  M  §g§  Numjllp 

S;  I  Estimated  Relative  Risk  ISj  ‘viS  |§ ;f|  fMi  t 

0.94  (0.65,1.36)  0.744 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  16-27. 

Analysis  of  Free  Testosterone  (Discrete)  (Continued) 

||pi|pEL4: 

RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

f  "  VH  w f!  Analysis  Resultsfor  Log2  (1987  Dioxin  + 1) 

Adjusted  Relative  Risk 

n  :  .  (95%  C.I.)a 

p- Value  UJjf 

841  0.94(0.52,1.70) 

0.835 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Both  the  unadjusted  and  adjusted  Model  2  analyses  revealed  significant  relations  between  initial  dioxin 
and  free  testosterone  (Table  16-27(c,d):  Est.  RR=0.46,  p=0.019;  Adj.  RR=0.41,  p=0.051,  respectively). 
The  percentages  of  low  free  testosterone  values  within  the  low,  medium,  and  high  initial  dioxin  categories 
were  3.2,  2.5,  and  0.0,  respectively. 

The  unadjusted  and  adjusted  Models  3  and  4  analyses  were  nonsignificant  (Table  16-27(e-h):  p>0.12  for 
each  analysis). 

16.2.2.3.20  Estradiol  (Continuous) 

Unadjusted  and  adjusted  Model  1  analyses  of  estradiol  in  its  continuous  form  did  not  reveal  significant 
overall  group  differences  between  Ranch  Hands  and  Comparisons  (Table  16-28(a,b):  p>0.38  for  each 
analysis).  After  stratifying  by  occupation,  a  significant  difference  was  seen  between  Ranch  Hand  officers 
and  Comparison  officers  in  both  the  unadjusted  and  adjusted  analyses  (Table  16-28(a,b):  difference  of 
means=-3.43  pg/ml,  p=0.003,  for  unadjusted;  difference  of  adjusted  means=-3.55  pg/ml,  p=0.003,  for 
adjusted).  The  adjusted  mean  estradiol  value  for  Ranch  Hand  officers  was  40.35  pg/ml  versus  a  mean 
value  of  43.90  pg/ml  for  Comparison  officers. 


Table  16-28.  Analysis  of  Estradiol  (pg/ml)  (Continuous) 


(a)  M0DEL 1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

|  Occupational  | 

-  |  Difference!  of  Means 
(95%  C.l.)b 

All 

Ranch  Hand 

870 

40.06 

H 0.57 - 

0434 

Comparison 

1,251 

40.63 

Officer 

Ranch  Hand 

341 

38.38 

-3.43  - 

0.003 

Comparison 

494 

41.81 

Enlisted  Flyer 

Ranch  Hand 

151 

42.87 

2.17- 

0.238 

Comparison 

187 

40.70 

Enlisted 

Ranch  Hand 

378 

40.49 

0.89  - 

0.418 

Groundcrew 

Comparison 

570 

39.60 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 
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Table  16-28.  Analysis  of  Estradiol  (pg/ml)  (Continuous)  (Continued) 


(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Category 

Group 

;>§§;  "jAf  y-  ,• 

Adjusted 

Mean8 

Difference  of  Adj.  Means 
(95%  C.I.)b 

p- Value9- 

All 

Ranch  Hand 

870 

42.18 

-0.65- 

0.384 

Comparison 

1,251 

42.83 

Officer 

Ranch  Hand 

341 

40.35 

-3.55  - 

0.003 

Comparison 

494 

43.90 

Enlisted  Flyer 

Ranch  Hand 

151 

44.77 

2.21- 

0.241 

Comparison 

187 

42.56 

Enlisted 

Ranch  Hand 

378 

42.26 

0.89  - 

0.427 

Groundcrew  * 

Comparison 

570 

41.37 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 
c  P-value  is  based  on  difference  of  means  on  square  root  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INIT1 

AL  DIOXIN  -  UNADJUSTED 

«  Analysis  Results  for  Log2  (Initial  Dioxin)b 

liiliili 

•  ft  A4j;:M(E^n^ | 

r2  ;  ; 

tipipiiiljlil 

*  |  (Std.  Error)c  \  | 

Low 

160 

38.37 

38.41 

0.007 

0.084  (0.049) 

6.087 

Medium 

162 

42.23 

42.24 

High 

160 

41.37 

41.32 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  square  root  of  estradiol  versus  Iog2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  - ADJUSTED 

UH |  Initial  Dioxin  Category'  Summary  Statistics  |1|§ 

if  %  Analysis  Results  for  Log2  (Initial  Dioxin) 5  J  x  j|  | 

.  :  V :  \  ■  ’■  •  '  :  ’  "■ 

Initial  Dioxin  n  Adj.  Mean8 

Low  160  40.16 

Medium  162  42.95 

High  160  41.36 

0.019  0.046(0.057)  0.423 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  estradiol  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-28.  Analysis  of  Estradiol  (pg/ml)  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


llliliilliiliiiiii 

Mean3 

Adj.  Meanab 

Difference  of  Adj.  Mean  . 
ill  vs.  Comparisons 

V'y&5%  fc.I.)f  V:|||| 

p-Value* 

Comparison 

1,213 

40.69 

40.68 

Background  RH 

381 

39.50 

39.71 

-0.97  - 

Low  RH 

239 

39.65 

39.58 

-1.10- 

High  RH 

243 

41.64 

41.43 

0.75  - 

Low  plus  High  RH 

482 

40.65 

40.51 

-0.17- 

a  Transformed  from  square  root  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
d  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(t)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

:;r  ?  vn  t '■ 

Adj.  Mean3 

Difference  of  Adj.  Mean  ■ 

*  vs. Comparisons  fcl 
(95%  C.I.)" 

p-Valuec 

Comparison 

1,213 

42.96 

Background  RH 

381 

41.76 

-1.20  - 

0.241 

Low  RH 

239 

41.51 

-1.45  - 

0.231 

High  RH 

243 

44.13 

1.17- 

0.347 

Low  plus  High  RH 

482 

42.82 

-0.14  - 

0.888 

a  Transformed  from  square  root  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  square  root  scale. 
c  P- value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-28.  Analysis  of  Estradiol  (pg/ml)  (Continuous)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Jlj  Analysis  Results  for  Log2  (1987Dioxin  +1)  { |  jgjg 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

R2  (Std.  Error)b  p- Value 

Low  288  39.14 

Medium  287  39.72 

High  288  41.57 

0.002  0.039  (0.031)  0.212 

a  Transformed  from  square  root  scale. 

b  Slope  and  standard  error  based  on  square  root  of  estradiol  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Dioxin  n  Adj.  Mean11 

■  R2  (Std.  Error)1’  p- Value 

Low  288  42.60 

Medium  287  42.42 

High  288  44.00 

0.017  0.019(0.036)  0.599 

a  Transformed  from  square  root  scale. 

L)  * 

Slope  and  standard  error  based  on  square  root  of  estradiol  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  unadjusted  Model  2  analysis  revealed  a  marginally  significant  positive  association  between  estradiol 
in  its  continuous  form  and  initial  dioxin  (Table  16-28(c):  slope=0.084,  p=0.087).  After  adjusting  for 
covariates,  the  results  became  nonsignificant  (Table  16~28(d):  p=0.423). 

Unadjusted  and  adjusted  analyses  for  Models  3  and  4  were  nonsignificant  (Table  16-28(e-h):  p>0.21  for 
each  analysis). 

16.2.2.3.21  Estradiol  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  of  estradiol  in  its  discrete  form  did  not  reveal  a  significant 
difference  between  Ranch  Hands  and  Comparisons  (Table  16-29(a,b):  p>0.12  for  each  contrast). 


Table  16-29.  Analysis  of  Estradiol  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS. 


<  Occupational 

-I 

mVJINuniber  (%)  %■  j 

wwiiMil 

Est  Relative  Risk  l! 

All 

Ranch  Hand 

870 

236  (27 J) 

0.96(0.79,1.16) 

0.666 

Comparison 

1,251 

350  (28.0) 

Officer 

Ranch  Hand 

341 

80  (23.5) 

0.78(0.57,1.08) 

0.131 

Comparison 

139(28.1) 

Enlisted  Flyer 

Ranch  Hand 

151 

44  (29.1) 

0.89  (0.56,1.42) 

0.632 

Comparison 

187 

59  (31.6) 

Enlisted 

Ranch  Hand 

378 

112(29.6) 

1.16(0.87,1.55) 

0.319 

Groundcrew 

Comparison 

570 

152  (26.7) 
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Table  16-29.  Analysis  of  Estradiol  (Discrete)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Occupational  Category 

i;  \  Adjusted  Relative  Risk  v  •;  :  ,’rf 

p-Value 

All 

0.95(0.78,1.16) 

0.619 

Officer 

0.78  (0.56,1.07) 

0.120 

Enlisted  Flyer 

0.89  (0.56,1.42) 

0.616 

Enlisted  Groundcrew 

1.16  (0.87,1.55) 

0.312 

(^)MDPEL'  ^  INITIAL  DIOXIN  -  UNADJUSTED 


P|6|^iti:Category  Summary  Statistics  f  a'j  C  % 

HI  Analysis  Results  for  Log2  (Initial  Dioxin)*  j|Jg|  | 

ll|l|  1  'Number 

Initial  Dioxin 

High 

(95%  C.L)b  :  p-Value  :  ; 

Low 

160 

33  (20.6) 

1.17(1.00,1.36)  0.045 

Medium 

162 

52  (32.1) 

High 

160 

47  (29.4) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  - 

INITIAL  DIOXIN  - 

jj-  ps 

liiliii! 

hmnhmr 

It  IKR  1 

Analysis  Results  for  Lo 
Adjusted  Relative  Ris 

IIKliMWSiiil 

*2  OIoxm>  ■ 

482 

1.12(0.94,1.33) 

0.213 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

ie)  MODEL  3:  RANCH  H  ANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Number  (%) 

Est  Relative  Risk 

IPPUPPI .Category  |;f 

.  n 

omMimmm 

(95%  C.I.)ab 

Comparison 

1,213 

343  (28.3) 

Background  RH 

381 

102  (26.8) 

0.96  (0.74,1.25) 

0.774 

Low  RH 

239 

59  (24.7) 

0.82  (0.60,1.13) 

0.234 

High  RH 

243 

73  (30.0) 

1.05  (0.78,1.43) 

0.731 

Low  plus  High  RH 

482 

132  (27.4) 

0.93  (0.74,1.18) 

0.566 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-29.  Analysis  of  Estradiol  (Discrete)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

n 

|  Adjusted  Relative  Risk?: 1 "" 1  , 

■  (95%  C.I.)a 

p- Value 

Comparison 

1,213 

Background  RH 

381 

0.97  (0.75,1.27) 

0.842 

Low  RH 

239 

0.79  (0.57,1.09) 

High  RH 

243 

1.05  (0.77,1.44) 

Low  plus  High  RH 

482 

0.91  (0.72,1.16) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

n’SS 

Number  (%) 
High 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low 

288 

79  (27.4) 

1.04(0.94,1.15)  0.430 

Medium 

287 

69  (24.0) 

-Hjgh _ 

288 

86  (29.9) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 

(h)iMODEL  4:  RANCH  HANDS  - 19^7  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) |g 

Adjusted  Relative  Risk  -  '* f  ft|f|Ilf  11 It  t i|iflil|i 

*41'  II  *  *  :*  "1:  xp-Valu^ 


863 


0.99  (0.89,1.12) 


0.926 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  significant  relation  was  seen  between  estradiol  and  initial  dioxin  in  the  unadjusted  Model  2  analysis 
(Table  16-29(c):  Est.  RR=1.17,  p=0.045).  After  adjusting  for  covariates,  the  results  became 
nonsignificant  (Table  16-29(d):  p=0.213). 

Unadjusted  and  adjusted  analyses  for  Models  3  and  4  were  nonsignificant  (Table  13-29(e-h):  p>0.15  for 
each  analysis). 

16.2.2.3.22  LH  ( Continuous ) 

The  unadjusted  and  adjusted  analysis  of  LH  did  not  show  a  significant  relation  with  dioxin  in  Models  1 
through  3  (Table  16-30(a-f):  p>0.13  for  each  analysis). 
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Table  16-30.  Analysis  of  LH  (mlU/ml)  (Continuous) 

(a)  MODEL  1: 

:RAN[dll  |MSf0$  VS.. COMPARISONS  -  UNADJUSTED 

;  1  Occupational  | 

liiiiiiiiiii 

Group 

§IS!§f|!|!8S8 

Mean8 

Difference  of  Means 

(95%  CJ.)b '  ji  j|  B  | 

'  p^Vahie0  )J . 

AU 

Ranch  Hand 

870 

3.86 

0.00  ~ 

0.979 

Comparison 

1,251 

3.86 

Officer 

Ranch  Hand 

341 

4.09 

0.27  - 

0.131 

Comparison 

494 

3.82 

Enlisted  Flyer 

Ranch  Hand 

151 

3.67 

-0.34  - 

0.194 

Comparison 

187 

4.02 

Enlisted 

Ranch  Hand 

378 

3.74 

-0.11- 

0.491 

Groundcrew 

Comparison 

570 

3.85 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


mimm 

^^CIJHAiWSjVSl  COMPARISONS -AD JUS 

TED 

iiifBliiiiliSil 

mmmm 

Adjusted 

Difference  of  Adj.  Means  II; 
(95%CX)b 

p- Value0 

AU 

Ranch  Hand 

870 

3.84 

-0.01  - 

0.955 

Comparison 

1,251 

3.85 

Officer 

Ranch  Hand 

341 

3.85 

0.22  - 

0.185 

Comparison 

494 

3.63 

Enlisted  Flyer 

Ranch  Hand 

151 

3.55 

—0.37  — 

0.147 

Comparison 

187 

3.92 

Enlisted 

Ranch  Hand 

378 

4.03 

-0.08  - 

0.650 

Groundcrew 

Comparison 

570 

4.10 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


t  H!  I  ^  Initial  Dioxin  Category  Summary  Statistics  ||§|  £  J| 

-..v. 

v  |  fjj|  Mean*  V  'Adj^lvfein?5 

|f5||R2  Jg§  (Std*  Error)®  ^ 

Low  160  3.84  3.84 

Medium  162  3.82  3.82 

High  160  3.66  3.65 

0.001  -0.016  (0.023)  0  496 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  LH  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-30.  Analysis  of  LH  (mlU/ml)  (Continuous)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

;  l  '  Initial  Dioxin  Category  Summary  Statistics  |  { 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

R*  (Std.  Error)1’  p-Value 

Low  160  3.65 

Medium  162  3.67 

High  160  3.56 

0.014  -0.008  (0.027)  0.755 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  LH  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Difference  of  Adj.  Mean 


Mean8 

Adj.  Meanab 

1 1  Vs.  Comparisons 
(95%  C.l.)c 

'|;-||p-Vaiued 

Comparison 

1,213 

3.85 

3.85 

Background  RH 

381 

4.04 

4.01 

0.16- 

0.264 

Low  RH 

239 

3.82 

3.83 

—0.02  — 

0.900 

High  RH 

243 

3.72 

3.74 

-0.11- 

0.504 

Low  plus  High  RH 

482 

3.77 

3.78 

-0.07  - 

0.601 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-30.  Analysis  of  LH  (mlU/ml)  (Continuous)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n 

BlliSi  Adj.  Mean*  m 

Difference  of  Adj.  Mean 

: ,i  .  ,r;vs.-CoifrpaHsoiis;r  :lipp 
f  :  ;  r  v  (95%  C.I.)b  \  V 

p- Value* 

Comparison 

1,213 

3.84 

Background  RH 

381 

4.00 

0.16  — 

0.281 

Low  RH 

239 

3.73 

-0.11- 

0.479 

High  RH 

243 

3.81 

-0.03  - 

0.839 

Low  plus  High  RH 

482 

3.77 

-0.07  - 

0.553 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

ill  1  up  1987  DioxinGategory  Summary  Statistics  V  | 

Sffitfi  AnaIj^s':Rwijdts;f6tf^ 

1987  Dioxin  n  Mea 

naX  :  -  V 

Adjusted  Slope 

R2  (Std.  Error)b  p- Value 

IMS  i 

0.005  -0.030  (0.015)  0.042 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  LH  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED  §  jgf  i  |  j 1  j||| |||  ||  1 1 1 1 

IgJIJ  §§  1987  Dioxin  Category  Summary  Statistics  |  ||g  ||| 

Analysis  Results  for  Log2  (1987  Dioxin  +  1)  ‘  Nv  \ 

j  lit!  |  i  Jvl- 1  BS  ISfllf  |  l||  |  f  i 

1987  Dioxin  n  Adj.Meana 

Low  288  4.13 

Medium  287  3.67 

High  288  3.87 

0.034  -0.024(0.017)  0.149 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  LH  versus  Iog2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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The  unadjusted  Model  4  analysis  revealed  a  significant  inverse  association  between  LH  in  its  continuous 
form  and  1987  dioxin  (Table  16-30(g):  slope=-0.030,  p=0.042).  After  adjusting  for  covariates,  the 
results  became  nonsignificant  (Table  16-30(h):  p=0.149). 

16.2.2.3.23  LH  (Discrete) 

All  unadjusted  and  adjusted  analyses  in  Models  1,  2,  and  3  showed  no  significant  relation  between  group 
or  dioxin  and  the  discrete  form  of  LH  (Table  16-3  l(a— f):  p>0.28  for  each  analysis).  A  marginally 
significant  inverse  association  was  seen  between  1987  dioxin  and  LH  in  the  unadjusted  Model  4  analysis 
(Table  16-3 1(g):  Est.  RR=0.84,  p=0.094).  After  adjusting  for  covariates,  the  results  became 
nonsignificant  (Table  16-31(h):  p=0.154). 


Table  16-31.  Analysis  of  LH  (Discrete) 


H8MMMR  RANCH  HANDS  YS.  COMPARISONS  |  UNADJUSTED 


wiwiBIllI 

siiaaiiiKifs 

Est  Relative  Risk  i  ly 

•  gf  L<95%;dl.)’  lUlll 

AU 

Ranch  Hand 

870 

49  (5.6) 

1.01  (0.69,1.47) 

0.971 

Comparison 

1,251 

70(5.6) 

Officer 

Ranch  Hand 

341 

24  (7.0) 

1.26  (0.72,2.21) 

0.422 

Comparison 

494 

28  (5.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

6  (4.0) 

0.93  (0.31,2.73) 

0.889 

Comparison 

187 

8  (4.3) 

Enlisted 

Ranch  Hand 

378 

19  (5.0) 

0.83  (0.47,1.49) 

0.538 

Groundcrew 

Comparison 

570 

34  (6.0) 

(b)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED  ,  S, 

I 

1- 

« 

m 

* 

i 

■h? 

< 

f§|  jgj  |  Occupational  Category  §§j;  j 

.  (95%C.I.)  . 

All 

1.02(0.70,1.50) 

0.907 

Officer 

1.24  (0.70,2.20) 

0.458 

Enlisted  Flyer 

0.86  (0.29,2.55) 

0.782 

Enlisted  Groundcrew 

0.88  (0.49,1.59) 

0.674 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN UNAWUSTED 

1 1  |^J^tInitial  Dioxin  Category  Summary  SfatisticS 

|  Analysis,  Resultsfor,  Log*  (Ijbitiai  pio^n)8  J,^i  ;j 

v  1  %  If  fell 8 '|jf  5  :Ni^d|blr'(^  |Jj|j||  jj 

|  Initial  Dioxin  t>n i  |j||||  '  ** 

Estimated  Relative  Risk 

'95'.;  r.I.i"  :  p- Value  ' 

0.93(0.65,1.32)  0.668 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Table  16-31.  Analysis  of  LH  (Discrete)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

,  '"y*  *  t  -  «  *r  !  \  | .  *  ■  ^Ansilysis  Resists  for  |^og2  (Iiutiai  Dioxin)  \.  ,  ►  *  ^ s  < 

Adjusted  Relative  Risk 

n  (95%  C.I.)a  p- Value 

_ 482 _ 0.97  (0.65,1.43) _ _  0.873 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


COMPARISONS  BY  DIOXIN  CATEGORY 

'  ■  n 

Number  (%) 

iililiiifiss 

Est  Relative  Risk  SI 

ptpf  (95%CX)ab  i'fj 

,■  i  *  1  pp Value  ■ '  - 

Comparison 

1,213 

67  (5.5) 

Background  RH 

381 

27(7.1) 

1.27  (0.79,2.02) 

0.322 

Low  RH 

239 

12  (5.0) 

0.91  (0.48,1.71) 

High  RH 

243 

9  (3.7) 

0.68  (0.33,1.38) 

0.280 

Low  plus  High  RH 

482 

21  (4.4) 

0.78  (0.47,1.30) 

0.345 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

j|||  Dioxin  Category  ll:|jj|| 

5:iM#AdjUSt^;R^^dve:Ri^^ppliilppl 

(95%-  €.!.)“ 

Comparison 

1,213 

Background  RH 

381 

1.28  (0.79,2.08) 

0.313 

Low  RH 

239 

0.83  (0.44,1.58) 

0.573 

High  RH 

243 

0.76  (0.36,1.60) 

0.475 

Low  plus  High  RH 

482 

0.80  (0.47,1.34) 

0.392 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  16-31.  Analysis  of  LH  (Discrete)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

U :  I  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  - 1 J  J  |  Ilf 

1987  Dioxin  n 

Number  (%)  , 

High 

*  “  Estimated  Relative  Risk  :7.;T  *:  '  1  »  *  «  * 

(95%C.I.)a  p-Value 

Low  288  21  (7.3) 

Medium  287  15  (5.2) 

High  288  12  (4.2) 

0.84(0.68,1.04)  0.094 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


;f  -  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  { j -V '• 

Adjusted  Relative  Risk 

id  1  'km 

(95%C.I.)a 

p-Value 

863 

0.84  (0.66,1.07) 

0.154 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


16.2.2.3.24  FSH  ( Continuous ) 

The  Model  1  unadjusted  analysis  of  FSH  did  not  show  an  overall  group  difference  between  Ranch  Hands 
and  Comparisons  (Table  16-3 2(a):  p=0.666).  Stratifying  by  occupation  revealed  a  marginally  significant 
difference  between  Ranch  Hands  and  Comparisons  within  the  officer  stratum  (Table  16-32(a):  difference 
of  means=0.51  mlU/ml,  p=0.071).  The  mean  FSH  value  for  Ranch  Hand  officers  was  6.62  mlU/ml 
versus  6. 1 1  mlU/ml  for  Comparison  officers.  The  adjusted  analysis  of  FSH  revealed  no  significant 
difference  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each  occupational 
stratum  (Table  16-32(b):  p>0.11  for  each  contrast). 


Table  16-32.  Analysis  of  FSH  (mlU/ml)  (Continuous) 


WBKBKBKk 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  -V 

1  Occupational 

n 

hi 

-  fjj  Difference  of  Means 

All 

Ranch  Hand 

870 

6.05 

0.07 - 

0.666 

Comparison 

1,251 

5.98 

Officer 

Ranch  Hand 

341 

6.62 

0.51- 

0.071 

Comparison 

494 

6.11 

Enlisted  Flyer 

Ranch  Hand 

151 

6.02 

0.03  - 

0.941 

Comparison 

187 

5.99 

Enlisted 

Ranch  Hand 

378 

5.59 

-0.27  - 

0.257 

Groundcrew 

Comparison 

570 

5.86 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  16-32.  Analysis  of  FSH  (mlU/ml)  (Continuous)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


OccupaborialS 

Category 

Group 

Adjusted 

Difference  of  Adj.  Means 
(95%  C.I.)b  : 

p-VaIuec 

AU 

Ranch  Hand 

870 

5.92 

0.06- 

0.689 

Comparison 

1,251 

5.85 

Officer 

Ranch  Hand 

341 

6.01 

0.40  - 

0.112 

Comparison 

494 

5.62 

Enlisted  Flyer 

Ranch  Hand 

151 

5.67 

-0.03  - 

0.928 

Comparison 

187 

5.70 

Enlisted 

Ranch  Hand 

378 

6.06 

-0.21  - 

0.401 

Groundcrew 

Comparison 

570 

6.27 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

| *  §  Analysis  Results  for  Log2  (Initial  Dioxin)b 

ilHiiiiiiiiiil 

Adj.  Meanab  j: 

r2  ;  -  i  v 

|  ;(S^«  Error)f  P  '§ |r 

H  f§ :|p|i paiJIHl! J! 

Low 

160 

6.40 

6.42 

0.008 

-0.035  (0.021) 

0.099 

Medium 

162 

5.87 

5.87 

High 

160 

5.64 

5.62 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  FSH  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Hi®  11  *  Analysis  Results  for  Log2  (Initial  Dioxin)  |J  ^  J  j||  ^ 

R2  (Std.  Error)b  p-Value 

Low  160  5.82 

Medium  162  5.50 

High  160  5.53 

0.051  -0.007(0.024)  0.763 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  FSH  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  16-32.  Analysis  of  FSH  (mlU/ml)  (Continuous)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category 

n 

Adj.  Meanab 

Difference  of  Adj.  Mean  | 
vs.  Comparisons 
v  :  (95%  C.I.)C 

p-Valued 

Comparison 

1,213 

5.97 

5.97 

Background  RH 

381 

6.21 

6.21 

0.24- 

0.283 

Low  RH 

239 

6.28 

6.28 

0.31- 

0.258 

High  RH 

243 

5.66 

5.66 

-0.31- 

0.229 

Low  plus  High  RH 

482 

5.96 

5.96 

-0.01  - 

0.955 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(Q  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -ADJUSTED 


Difference  pf  Adj.  Mean  ^ 

Comparison 

1,213 

5.87 

Background  RH 

381 

6.02 

0.15- 

0.491 

Low  RH 

239 

5.98 

0.11- 

0.668 

High  RH 

243 

5.83 

-0.04  - 

0.855 

Low  plus  High  RH 

482 

5.90 

0.03  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  16-32.  Analysis  of  FSH  (mlU/ml)  ( Continuous )  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

ills  Analysis  Results  for  Log2  (1987  Dioxin  +1)  I 

1987  Dioxin  n  Mean8 

Adjusted  Slope 

R2  (Std.  Error)5  p-Value 

Low  288  6.34 

Medium  287  6.19 

High  288  5.70 

0.003  -0.024(0.015)  0.105 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  FSH  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <3.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS 

-1987  DIOXIN-  AD  JUSTED 

1987  Dioxin  Category  Summary  Statistics 

,  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  <  |  §§ | 

Adjusted  Slope 
(Std.  Error)5 

!  ■  p-Value  J;jf 

Low  288 

Medium  287 

High  288 

6.18 

5.93 

5.97 

0.066 

-0.001  (0.016) 

0.958 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  FSH  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


A  marginally  significant  inverse  association  was  revealed  between  initial  dioxin  and  FSH  in  the 
unadjusted  Model  2  analysis  (Table  16-32(c):  slope=— 0.035,  p=0.099).  After  adjusting  for  covariates, 
the  results  became  nonsignificant  (Table  16-32(d):  p=0.763). 

No  significant  associations  were  revealed  between  FSH  and  dioxin  in  the  unadjusted  and  adjusted  Models 
3  and  4  analyses  (Table  16-32(e-h):  p>0.10  for  each  analysis). 

16.2.2.3.25  FSH  ( Discrete ) 

All  unadjusted  and  adjusted  analyses  in  Models  1  through  4  showed  no  significant  relations  between 
dioxin  and  dichotomized  FSH  (Table  16-33(a— h):  p>0.17  for  each  analysis). 
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Table  16-33.  Analysis  of  FSH  (Discrete) 


MQPEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

if  £ 

||K:iNuiribef;(%):  ill! 

High 

Est  Relative  Risk 
(95%  C.l.) 

Hill  p- Value 

All 

Ranch  Hand 

72  (8.3) 

1.06(0.77,1.46) 

0.713 

Comparison 

1,251 

98  (7.8) 

Officer 

Ranch  Hand 

341 

39(11.4) 

1.20  (0.77,1.88) 

0.424 

Comparison 

494 

48  (9.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

17(11.3) 

1.57  (0.75,3.29) 

0.235 

Comparison 

187 

14  (7.5) 

Enlisted 

Ranch  Hand 

378 

16  (4.2) 

0.66(0.36,1.20) 

0.171 

Groundcrew 

Comparison 

570 

36  (6.3) 

(b)  MODFX  J:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED  .  .. 

>  Adjusted  Relati ve  Risk  |  .  (( f  ' 

itillliiiilfcllllililiilliill 

All 

1.04(0.75,1.45) 

0.794 

Officer 

1.18(0.74,1.85) 

0.488 

Enlisted  Flyer 

1.49(0.70,3.17) 

0.297 

Enlisted  Groundcrew 

0.68  (0.37,1.26) 

0.221 

(c>  MODKI,  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

ill 

.  Number  (%) 

Initial  Dioxin  n  High 

1 

MS  U 

liiMilllilll 

Low  160  13(8.1) 

Medium  162  14  (8.6) 

High  160  9  (5.6) 

0.94(0.72,1.22)  0.618 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)MODEL  2:  RANCH  HANDS  g  INITIAL  DIOXIN  -  ADJUSTED 


p-Value 


482 


1.11(0.81,1.53) 


0.508 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  16-33.  Analysis  of  FSH  (Discrete)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

n  .v 

Number  .(%) 

High 

Est  Relative  Risk 
:(95%;:C,i.)alV ; 

p-Value 

Comparison 

1,213 

93  (7.7) 

Background  RH 

381 

35  (9.2) 

1.22  (0.81,1.84) 

0.341 

Low  RH 

239 

20  (8.4) 

1.10(0.66,1.82) 

0.713 

High  RH 

243 

16  (6.6) 

0.85(0.49,1.47) 

0.557 

Low  plus  High  RH 

482 

36  (7.5) 

0.96(0.64,1.44) 

0.860 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  MODEL  3 :  RANCH  HANDS  AND  COMPARISONS  BY  DIOX 

IN  CATEGORY  -  ADJUSTED 

■  ■  ■  v  •  ■- 

(95%  p-Value  ■ 

Comparison 

1,213 

Background  RH 

381 

1.10(0.72,1.69) 

0.652 

Low  RH 

239 

0.93  (0.55,1.56) 

0.781 

High  RH 

243 

1.16  (0.64,2.08) 

0.621 

Low  plus  High  RH 

482 

1.04(0.68,1.58) 

0.859 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


J  (g)  MODEL  4:  RANCH  HANDS 

|  HHU  |1987Dioxm  Category  SummaiyStatistics  !'f  /' 

|ggj| |ff§l  Analysis  Results  for  Log2(1987  Dioxin  Cl)  /V'J’lf ,L' 

iililiBiR 

v  Number:(%)'-::v-'j 

High 

’Px^JEstimated  RelativeRisk '  * 

mmKmmmmm 

lilBliiiSiliSjBiii 

Low 

288 

24  (8.3) 

0.97  (0.82,1.15) 

0.712 

Medium 

High 

287 

288 

28  (9.8) 

19  (6.6) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  16-33.  Analysis  of  FSH  (Discrete)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 
(95%C.I.)a 


p- Value 


863 


1.16(0.93,1.45) 


0.188 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


16.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  the  composite  diabetes  indicator,  TSH,  fasting  glucose,  2-hour 
postprandial  glucose,  and  total  testosterone  to  examine  whether  changes  across  time  differed  with  respect 
to  group  membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Model  4 
was  not  examined  in  the  longitudinal  analysis  because  1987  dioxin — the  measure  of  exposure  in  these 
models — changes  over  time  and  is  not  available  for  all  participants  for  1982  or  1997. 

Discrete  and  continuous  analyses  were  performed  for  TSH,  fasting  glucose,  2-hour  postprandial  glucose, 
and  total  testosterone.  The  longitudinal  analyses  for  all  of  these  variables  investigated  the  difference 
between  the  1982  and  1997  examinations.  These  analyses  were  used  to  investigate  the  temporal  effects  of 
dioxin  during  the  15-year  period  between  1982  and  1997. 

Participants  who  were  abnormal  in  1982  were  not  included  in  the  longitudinal  analysis  of  discrete 
dependent  variables.  The  purpose  of  the  longitudinal  analysis  was  to  examine  the  effects  of  dioxin 
exposure  across  time.  Participants  who  were  abnormal  in  1982  were  not  considered  to  be  at  risk  for 
developing  the  condition  because  the  condition  already  existed  at  the  time  of  the  first  collection  of  data 
for  the  AFHS  (1982).  Only  participants  who  were  normal  at  the  1982  examination  were  considered  to  be 
at  risk  for  developing  the  disease;  therefore,  the  rate  of  abnormalities  under  this  restriction  approximates 
an  incidence  rate  between  1982  and  1997.  That  is,  an  incidence  rate  is  a  measure  of  the  rate  at  which 
people  without  a  condition  develop  the  condition  during  a  specified  period  of  time  (50).  Summary 
statistics  are  provided  for  reference  purposes  for  the  1985,  1987,  and  1992  examinations. 

The  longitudinal  analysis  for  the  discrete  form  of  the  dependent  variables  examined  relative  risks  at  the 
1997  examination  for  participants  who  were  classified  as  normal  at  the  1982  examination.  The  adjusted 
relative  risks  estimated  from  each  of  the  three  models  were  used  to  investigate  the  change  in  the 
dependent  variable  over  time.  All  three  models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted 
for  the  percentage  of  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

The  longitudinal  analysis  of  continuous  variables  examined  the  paired  difference  between  the 
measurements  from  1982  and  1997.  These  paired  differences  measured  the  change  in  the  dependent 
variable  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis  was  adjusted  for  age  and 
the  dependent  variable  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods). 

The  cutpoints  for  TSH,  fasting  glucose,  2-hour  postprandial  glucose,  and  total  testosterone  differed 
between  examinations.  The  cutpoints  changed  between  examinations  because  a  different  laboratory  was 
used  to  perform  the  analysis  or  because  an  upgrade  in  the  equipment  used  caused  a  change  in  the 
reference  values.  These  cutpoints  were  used  for  determining  abnormal  and  normal  classifications  for 
each  of  the  respective  examinations  and  are  shown  in  Table  16-34. 
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Table  16-34.  Normal  Ranges  from  Air  Force  Health  Study  Examinations  for  Dependent  Variables 
Used  in  Endocrine  Longitudinal  Analysis 


Dependent  Variable 

|  Examination!;^ 

1982 

IliiWIIi 

1987 

1992 

1997 

TSH  (|iIU/ml) 

<10 

<3 

<3 

<5.5 

<5.5 

Fasting  Glucose  (mg/dl) 

<115 

<110 

<110 

<115 

<110 

2-hour  Postprandial 

(Age  <  50) 
<125 

(Age  >50) 
<120 

<140 

<140 

<140 

<140 

Glucose  (mg/dl) 

Total  Testosterone  (ng/dl) 

>400 

>260 

>260 

>260 

>241 

(Age  <  50) 
>230 

(Age  >  50) 


16.2.3.1  Medical  Records  Variables 

16.2.3.1.1  Composite  Diabetes  Indicator 

A  participant  was  considered  diabetic  in  the  composite  diabetes  indicator  variable  if  he  had  a  verified 
history  of  diabetes  or  a  2-hour  postprandial  glucose  level  of  at  least  200  mg/dl. 

The  Model  1  analysis  of  diabetic  participants  in  1997  who  were  nondiabetic  in  1982  did  not  uncover  a 
significant  difference  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each 
occupational  stratum  (Table  16-35(a):  p>0.66  for  each  analysis). 


Table  16-35.  Longitudinal  Analysis  of  Composite  Diabetes  Indicator 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

wmmmmm  ;ii3f  i 

Group 

Number  (%)  Diabetic  /(n) 
Examination 

1982 

1985 

■wmm 

1992  |g 

All 

Ranch  Hand 

30(3.7) 

52  (6.6) 

63  (8.1) 

100(12.8) 

143  (17.7) 

(808) 

(791) 

(782) 

(779) 

(808) 

Comparison 

25  (2.6) 

50  (5.3) 

64  (6.9) 

108  (11.7) 

162  (16.9) 

(959) 

(940) 

(931) 

(926) 

(959) 

Officer 

Ranch  Hand 

13  (4.2) 

20  (6.6) 

23  (7.7) 

38  (12.6) 

51  (16.6) 

(308) 

(304) 

(300) 

(301) 

(308) 

Comparison 

10  (2.6) 

20  (5.4) 

24  (6.6) 

43(11.5) 

60  (15.9) 

(378) 

(371) 

(365) 

(373) 

(378) 

Enlisted  Flyer 

Ranch  Hand 

5  (3.4) 

11  (7.7) 

12  (8.5) 

20  (14.2) 

26  (17.9) 

(145) 

(143) 

(141) 

(141) 

(145) 

Comparison 

5  (3.5) 

7  (5.0) 

9  (6.4) 

18(13.0) 

27(19.0) 

(142) 

(141) 

(140) 

(138) 

(142) 

Enlisted  Groundcrew 

Ranch  Hand 

12(3.4) 

21  (6.1) 

28  (8.2) 

42(12.5) 

66(18.6) 

(355) 

(344) 

(341) 

(337) 

(355) 

Comparison 

10(2.3) 

23  (5.4) 

31  (7.3) 

47(11.3) 

75(17.1) 

(439) 

(428) 

(426) 

(415) 

(439) 
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Table  16-35.  Longitudinal  Analysis  of  Composite  Diabetes  Indicator  (Continued) 


Occupational 

Category 

jGrditip-; 

Normal  in  1982 

Number  (%) 

<n  in  1997  Diabeticin  1997 

Adj.  Relative  Risk 

SlliSiiiWS  nil 

p- Value3 

All 

Ranch  Hand 

778 

113  (14.5) 

1.00(0.76,1.31) 

0.993 

Comparison 

934 

137(14.7) 

Officer 

Ranch  Hand 

295 

38(12.9) 

0.94  (0.60,1.49) 

0.801 

Comparison 

368 

50  (13.6) 

Enlisted  Flyer 

Ranch  Hand 

140 

21  (15.0) 

0.93  (0.48,1.79) 

0.821 

Comparison 

137 

22(16.1) 

Enlisted 

Ranch  Hand 

343 

54(15.7) 

1.09  (0.73,1.63) 

0.660 

Groundcrew 

Comparison 

429 

65  (15.2) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  were  not  diabetic  in  1982  (see  Chapter  7,  Statistical  Methods). 


(b)  MODEL  2:  RANCH  HANDS  — 

INITIAL  DIOXIN  ^  ^ 

Number  (%)  Diabetic /(n) 

Initial  Dioxin  1982 

1985  1987 

1992 

Low 

6  (4.0) 

10  (6.7) 

1 1  (7.3) 

23  (16.0) 

32  (21.2) 

(151) 

(149) 

(151) 

(144) 

(151) 

Medium 

7  (4.5) 

13  (8.6) 

12  (7.9) 

25(16.4)  4 

35  (22.6) 

(155) 

(152) 

(151) 

(152) 

(155) 

High 

8  (5.2) 

16(10.7) 

21(14.1) 

25  (16.9) 

39  (25.5) 

053) 

(150) 

(149) 

(148) 

(153) 

InitialDioxin  Category  Summary  Statistics 

£5  Analysis  Results  for  Log2  (Initial  Dioxin)® 

' ■  N°nnal  |ir!982  :  •; 

::  (95c,  C.I.V1  : ;  p- Value 

f  InitialDioxin  1C  ,  nin  1997  ;  f 

Low  145  26  (17.9) 

Medium  148  28  (18.9) 

High  145  31  (21.4) 

1.28(1.04,1.57)  0.019 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  were  not  diabetic  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  16-35.  Longitudinal  Analysis  of  Composite  Diabetes  Indicator  (Continued) 


(c)  MODEL  3:  RANCH 

HANDS  AND 

COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Diabetic/(n) 

Examination  f 

1982 

1987 

1992 

1997 

Comparison 

24  (2.6) 

47  (5.1) 

61  (6.7) 

103(11.4) 

154  (16.5) 

(932) 

(916) 

(906) 

(900) 

(932) 

Background  RH 

9  (2.6) 

13  (13.9) 

19(5.8) 

27(8.1) 

35(10.1) 

(345) 

(337) 

(328) 

(332) 

(345) 

Low  RH 

1 1  (4.9) 

18(8.1) 

18(8.1) 

36(16.6) 

49  (21.7) 

(226) 

(221) 

(223) 

(217) 

(226) 

High  RH 

10  (4.3) 

21  (9.1) 

26  (11.4) 

37  (16.3) 

57  (24.5) 

(233) 

(230) 

(228) 

(227) 

(233) 

Low  plus  High  RH 

21  (4.6) 

39  (8.6) 

44  (9.8) 

73  (16.4) 

106  (23.1) 

(459) 

(451) 

(451) 

(444) 

(459) 

immmmmmmmt  ■  i 

Wi  W- 1 

Ipi®  § H  Adj.  Relative  Risk 1 

Dioxin  Category 

n  in  1997 

Diabetic  in  1997  _ 

(95%  C.I.)ab  Hi 

|||  p-Valueb  ;j|p| 

Comparison 

908 

130 1 

[14.3) 

Background  RH 

336 

26 

(7.7) 

0.55 

(0.35,0.88) 

0.012 

Low  RH 

215 

38  | 

[17.7) 

1.11 

(0.72,1.71) 

0.634 

High  RH 

223 

47  (21.1) 

1.61 

(1.07,2.42) 

0.023 

Low  plus  High  RH 

438 

85  (19.4) 

1.34 

(0.97,1.86) 

0.079 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  were  not  diabetic  in  1982  (see  Chapter  7,  Statistical  Methods). 


The  Model  2  longitudinal  analysis  revealed  a  significant  positive  association  between  initial  dioxin  and 
the  percentage  of  diabetic  participants  (Table  16-35(b):  Adj.  RR=1.28,  p=0.019).  The  percentages  of 
diabetic  participants  in  1997  who  were  nondiabetic  in  1982  were  17.9,  18.9,  and  21.4  in  the  low,  medium, 
and  high  initial  dioxin  categories,  respectively. 

Three  significant  contrasts  were  seen  in  the  Model  3  longitudinal  analysis  of  composite  diabetes  indicator: 
Ranch  Hands  in  the  background  dioxin  category  versus  Comparisons  (Table  16-35(c):  Adj.  RR=0.55, 
p=0.012),  Ranch  Hands  in  the  high  dioxin  category  versus  Comparisons  (Table  16-35(c):  Adj.  RR=1.61, 
p=0.023),  and  Ranch  Hands  in  the  low  plus  high  dioxin  category  versus  Comparisons  (Table  16-35(c): 
Adj.  RR=1.34,  p=0.079).  The  percentages  of  participants  who  were  nondiabetic  in  1982  and  diabetic  in 
1997  were  7.7,  21.1,  19.4,  and  14.3  for  Ranch  Hands  in  the  background  dioxin  category.  Ranch  Hands  in 
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the  high  dioxin  category.  Ranch  Hands  in  the  low  plus  high  dioxin  category,  and  Comparisons, 
respectively. 

16.2.3.2  Laboratory  Examination  Variables 
16.2.3.2.1  TSH  (Continuous) 

The  longitudinal  analyses  in  Models  1  through  3  did  not  reveal  a  significant  association  between  dioxin 
and  change  in  mean  TSH  level  (Table  16-36(a-c):  p>0.26  for  each  analysis). 


Table  16-36.  Longitudinal  Analysis  of  TSH  (plU/ml)  (Continuous) 


g|198 2l 

Mean7(n) 

Examination 

1985  1987  1992 

1997 

Mean  ||| 
Chaiigeb 

Difference  of  j| 
Exam. 

Change 

AU 

Ranch  Hand 

3.64 

1.21 

0.91 

1.60 

1.87 

-1.76 

-0.06 

0.525 

(791) 

(773) 

(762) 

(770) 

(791) 

Comparison 

3.49 

1.16 

0.87 

1.56 

1.79 

-1.70 

(929) 

(911) 

(904) 

(910) 

(929) 

Officer 

Ranch  Hand 

3.78 

1.28 

0.99 

1.73 

2.00 

-1.78 

-0.15 

0.700 

(298) 

(294) 

(289) 

(293) 

(298) 

Comparison 

3.47 

1.18 

0.89 

1.62 

1.84 

-1.63 

(358) 

(352) 

(347) 

(353) 

(358) 

Enlisted 

Ranch  Hand 

3.46 

1.16 

0.84 

1.43 

1.72 

-1.74 

0.03 

0.440 

Flyer 

(141) 

(138) 

(135) 

(139) 

(141) 

Comparison 

3.66 

1.15 

0.87 

1.53 

1.89 

-1.77 

(139) 

(138) 

(137) 

(137) 

(139) 

Enlisted 

Ranch  Hand 

3.59 

1.17 

0.89 

1.56 

1.83 

-1.76 

-0.02 

0.263 

Groundcrew 

(352) 

(341) 

(338) 

(338) 

(352) 

Comparison 

3.45 

1.15 

0.84 

1.52 

1.71 

-1.74 

(432) 

(421) 

(420) 

(420) 

(432) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  TSH;  results  adjusted  for  natural  logarithm  of  TSH  in  1982  and 
age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-36.  Longitudinal  Analysis  of  TSH  (filu/ml)  (Continuous) 


(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b  ;  " ’ 

Examination 

1987 

1992 

1997 

Adjusted  Slope 
(Std.  Error) 

p-Valye 

Low  3.62 

1.22 

6.95 

1.60 

1.94 

-0.007  (0.020) 

0.717 

(151) 

(148) 

(150) 

(146) 

(151) 

Medium  3.56 

1.23 

0.91 

1.57 

1.86 

(155) 

(152) 

(151) 

(153) 

(155) 

High  3.59 

1.17 

0.89 

1.55 

1.80 

(145) 

(142) 

(140) 

(142) 

(145) 

a  Transformed  from  natural  logarithm  scale. 


b  Results  based  on  difference  between  natural  logarithm  of  1997  TSH  and  natural  logarithm  of  1982  TSH  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural 
logarithm  of  1982  TSH,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982,  1985, 
and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference 
purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


(c)  MODEL  5:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

;  '  • 

Mean7(n)  / 
Examination 

1985  1987  1992 

ill 

1997 

|  j  Exam. 
Mean 

Changeb  It 

§  }{  v-?Diif]ferencefp 

Change 

iiiMiito 

Comparison 

3.49 

1.16 

0.86 

1.56 

1.79 

-1.70 

(901) 

(886) 

(878) 

(883) 

(901) 

Background 

3.69 

1.21 

0.91 

1.63 

1.87 

-1.81 

-0.11 

0.934 

RH 

(334) 

(326) 

(316) 

(324) 

(334) 

Low  RH 

3.58 

1.23 

0.95 

1.61 

1.90 

-1.67 

0.03 

0.514 

(224) 

(218) 

(221) 

(217) 

(224) 

High  RH 

3.60 

1.18 

0.88 

1.54 

1.83 

-1.77 

-0.07 

0.681 

(227) 

(224) 

(220) 

(224) 

(227) 

Low  plus 

3.59 

1.21 

0.91 

1.57 

1.87 

-1.72 

-0.02 

0.492 

High  RH 

(451) 

(442) 

(441) 

(441) 

(451) 

a  Transformed  from  natural  logarithm  scale. 

b  • 

Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  TSH;  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  TSH,  and  age  in  1997. 

Note:  RH  -  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 
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16.2.3.2.2  TSH  ( Discrete ) 

The  longitudinal  analysis  of  high  1997  TSH  levels  for  participants  who  had  normal  TSH  levels  in  1982 
was  not  significantly  associated  with  group  or  dioxin  in  Models  1  through  3  (Table  16-37(a-c):  p>0.23 
for  each  analysis). 


Table  16-37.  Longitudinal  Analysis  of  TSH  (Discrete) 


(a)  MODEL  1:  HANDS  VS.  COMPARISONS 


Group 

» ;  Number  (%)  High/(n) 

Examination 

1982 

|j  ||  1985  |  1 

:  1987  gf|i 

1992 

If  7  1997 -ff' 

All 

Ranch  Hand 

5  (0.6) 

9(1.2) 

10  (1.3) 

10(1.3) 

32  (4.0) 

(791) 

(773) 

(762) 

(770) 

(791) 

Comparison 

4(0.4) 

14(1.5) 

11  (1.2) 

19(2.1) 

29  (3.1) 

(929) 

(911) 

(904) 

(910) 

(929) 

Officer 

Ranch  Hand 

2  (0.7) 

4(1.4) 

5  (1.7) 

4(1.4) 

12  (4.0) 

(298) 

(294) 

(289) 

(293) 

(298) 

Comparison 

1  (0.3) 

6  (1.7) 

5(1.4) 

12  (3.4) 

11(3.1) 

(359) 

(352) 

(347) 

(353) 

(358) 

Enlisted  Flyer 

Ranch  Hand 

0  (0.0) 

1  (0.7) 

1  (0-7) 

2(1.4) 

3  (2.1) 

(141) 

(138) 

(135) 

(139) 

(141) 

Comparison 

1  (0.7) 

2(1.4) 

1  (0.7) 

1  (0.7) 

5  (3.6) 

(139) 

(138) 

(137) 

(137) 

(139) 

Enlisted  Groundcrew 

r  Ranch  Hand 

3  (0.9) 

4(1.2) 

4(1.2) 

4(1.2) 

17  (4.8) 

(352) 

(341) 

(338) 

(338) 

(352) 

Comparison 

2  (0.5) 

6(1.4) 

5  (1.2) 

6(1.4) 

13  (3.0) 

(432) 

(421) 

(420) 

(420) 

(432) 

1  ^  Normalinl982  7|  '  f  1 

lilllllliiii 

§!f| ;  j^j^cupatiQnai ||l|j 

■mmmm 

Number  (%)  High 

C  Adj.  Relative  Risk  ^ 

Category 

Group 

n  in  1997 

in  1997 

(95%  C.I.)a  ; 

'p*Valuea;;,|77 

All 

Ranch  Hand 

786 

28  (3.6) 

1.23  (0.72,2.10) 

0.454 

Comparison 

925 

27(2.9) 

Officer 

Ranch  Hand 

296 

11  (3.7) 

1.20  (0.51,2.81) 

0.675 

Comparison 

357 

11(3.1) 

Enlisted  Flyer 

Ranch  Hand 

141 

3  (2.1) 

0.57  (0.13,2.45) 

0.452 

Comparison 

138 

5  (3.6) 

Enlisted 

Ranch  Hand 

349 

14  (4.0) 

1.63  (0.73,3.65) 

0.233 

Groundcrew 

Comparison 

430 

11(2.6) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  TSH  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  16-37.  Longitudinal  Analysis  of  TSH  (Discrete)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  — 

INITIAL  DIOXIN 

P  l§t  :|P  y> ' 

Number  (%)  High/(n) 

Examination 

jfl&Iiiiiti^l^pidxin'  'jiff} 

1987 

•|i^‘  1992*  |-v;i 

mrnmmm 

Low 

0  (0.0) 

1  (0.7) 

1  (0.7) 

0(0.0) 

6  (4.0) 

(151) 

(148) 

(150) 

(146) 

(151) 

Medium 

1  (0.6) 

3  (2.0) 

2(1.3) 

1  (0.7) 

4(2.6) 

(155) 

(152) 

(151) 

(153) 

(155) 

High 

1  (0.7) 

1  (0.7) 

2(1.4) 

5  (3.5) 

7  (4.8) 

(145) 

(142) 

(140) 

(142) 

(145) 

!||P!  Analysis  Results  for  I^g2'(InifiaIIMoxin)aji;|uf|'f 

Normal  in  1982 

Adj.  Relative  Risk 

(95%C.I.)b  p- Value 

Initial  Dioxin  n  in  1997  in  1997 

Low  151  6(4.0) 

Medium  154  3  (1.9) 

High  144  6  (4.2) 

1.16(0.78,1.72)  0.486 

*  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  TSH  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


id  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

viv  W, 

Number  (%)  High/(n) 

iiiiimai 

iiaiisiiwii 

^  ~  %'&>  A  <&  >  •  ? 

H  |  Examination  t  -L  ^  v 

1982 

mauem 

.  1987 

1992 

Comparison 

4  (0.4) 

14  (1.6) 

11(1.3) 

19  (2.2) 

29  (3.2) 

(901) 

(886) 

(878) 

(883) 

(901) 

Background  RH 

3  (0.9) 

4(1.2) 

5  (1.6) 

4  (1.2) 

14  (4.2) 

Low  RH 

(334) 

(326) 

(316) 

(324) 

(334) 

0  (0.0) 

2  (0.9) 

2  (0.9) 

1  (0.5) 

7(3.1) 

High  RH 

(224) 

(218) 

(221) 

(217) 

(224) 

2  (0.9) 

3(1.3) 

3(1.4) 

5(2.2) 

10  (4.4) 

(227) 

(224) 

(220) 

(224) 

(227) 

Low  plus  High  RH 

2  (0.4) 

5(1.1) 

5(1.1) 

6(1.4) 

17  (3.8) 

(451) 

(442) 

(441) 

(441) 

(451) 
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Table  16-37.  Longitudinal  Analysis  of  TSH  (Discrete)  (Continued) 


Normal  in  1982 

Dioxin  Category 

n  in  1997 

Number  (%)  High  |  Adj.  Relative  Risk  ’  v.  v  3  |  { 

in  1997  (95%  C.I.)ab  p- Value* 

Comparison 

897 

27  (3.0) 

Background  RH 

331 

12  (3.6) 

1.10(0.55,2.22) 

Low  RH 

224 

7(3.1) 

1.01  (0.43,2.35) 

High  RH 

225 

8  (3.6) 

1.42  (0.63,3.22) 

Low  plus  High  RH 

449 

15  (3.3) 

1.20  (0.63,2.29) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  TSH  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 


16.2.3.2.3  Fasting  Glucose  ( Continuous ) 

Analysis  of  Models  1  through  3  showed  no  significant  relations  between  dioxin  and  the  change  in  mean 
fasting  glucose  between  1982  and  1997  (Table  16-38(a-c):  p>0.14  for  each  analysis). 


Table  16-38.  Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (Continuous) 


(a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS 


Qccpp^piaal;: 

Category 

-\,T  'jGjroup  /'it; 

1982 

;  1997;“| 

Change* 

Change 

All 

Ranch  Hand 

97.4 

98.9 

100.2 

104.5 

101.7 

43 

- 0.3 

0.817 

(817) 

(799) 

(790) 

(795) 

(817) 

Comparison 

96.8 

98.0 

99.8 

104.1 

101.5 

4.6 

(974) 

(956) 

(948) 

(954) 

(974) 

Officer 

Ranch  Hand 

98.1 

100.1 

101.4 

105.1 

101.6 

3.5 

-0.1 

0.962 

(310) 

(306) 

(302) 

(305) 

(310) 

Comparison 

96.9 

97.9 

100.3 

104.4 

100.5 

3.6 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted 

Ranch  Hand 

98.2 

98.4 

100.5 

104.4 

102.8 

4.6 

-1.0 

0.693 

Flyer 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

97.9 

99.0 

100.3 

104.7 

103.5 

5.6 

(145) 

(144) 

(143) 

(143) 

(145) 
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Table  16-38.  Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (Continuous)  (Continued) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

Meana/(n) 

Exam. 

Difference  of 

Occupational  | 

Examination 

Mean 

:  Exam.  Mean 

fppippiiilipj 

Group  1982  1985  1987  1992 

1997  Change6 

| !  Change  § 

fl;  p-Valuec 

Enlisted  Ranch  Hand  96.5  98.0  99.1  104.1  101.4  4.8  -0.4  0.871 

Groundcrew  (359)  (348)  (345)  (345)  (359) 


Comparison  96.4  97.7  99.3  103.6  101.6  5.2 

_ (449)  (438)  (437)  (436)  (449) _ 


a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  fasting  glucose;  results  adjusted  for  natural  logarithm  of  fasting 
glucose  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


(b)  MOP®L;2 

RANCH  HANDS 

-miTIALDIOXIN 

plllljljlfiijIM 

Analysis  Results  for  Log2  (Initial  Dioxin)6 

Meana/(n) 

iBSilMlf 

§  jj  Adjusted  Slope 

|  j;  (Std.  Error)  / 

liiWiPlPli! 

Initial  Dioxin 

1982 

1985 

iiupii 

1992 

1997  | 

Low 

97.5 

99.7 

101.4 

105.1 

101.5 

0.008  (0.007) 

0.261 

(153) 

(150) 

(152) 

(148) 

(153) 

Medium 

98.3 

99.4 

100.7 

105.0 

104.6 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

99.2 

101.3 

103.4 

109.6 

105.5 

(153) 

(150) 

(148) 

(150) 

(153) 

a  Transformed  from  natural  logarithm  scale. 

b  Results  based  on  difference  between  natural  logarithm  of  1997  fasting  glucose  and  natural  logarithm  of  1982 
fasting  glucose  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement 
of  dioxin,  natural  logarithm  of  1982  fasting  glucose,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-38.  Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (Continuous)  (Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin 

Meana/(n) 

Examination 

Exam. 

Mean; 

fglChange^ 

Difference  of 
Exam.  Mean 
Change 

p-Valuec 

1982 

j-fl985-.FI 

1987 

1992 

1997 

Comparison 

96.8 

97.9 

99.7 

103.9 

101.3 

4.5 

(946) 

(931) 

(922) 

(927) 

(946) 

Background 

96.2 

97.3 

98.1 

101.8 

98.6 

2.4 

-2.1 

0.484 

RH 

(347) 

(339) 

(330) 

(337) 

(347) 

Low  RH 

97.9 

100.0 

100.9 

105.3 

101.5 

3.5 

-1.0 

0.312 

(229) 

(223) 

(226) 

(222) 

(229) 

High  RH 

98.7 

100.1 

102.7 

107.7 

106.3 

7.5 

3.0 

0.146 

(235) 

(232) 

(229) 

(231) 

(235) 

Low  plus 

98.3 

100.1 

101.8 

106.5 

103.9 

5.5 

1.0 

0.755 

High  RH 

(464) 

(455) 

(455) 

(453) 

(464) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  1997  fasting  glucose;  results  adjusted  for  percent  body  fat  at 
the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  fasting  glucose,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982, 1992,  and  1997  examinations. 


16.2.3.2.4  Fasting  Glucose  (Discrete) 

The  Model  1  longitudinal  analysis  of  high  fasting  glucose  levels  in  1997  did  not  reveal  a  significant 
difference  between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each  occupational 
stratum  (Table  16-39(a):  p>0.25  for  each  analysis). 
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Table  16-39.  Longitudinal  Analysis  of  Fasting  Glucose  (Discrete) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Number  (%)  High  /(n) 

Occupational  Examination 


Group 

i  ;  1982  f ;;; 

1985 

1987  ; 

1 jg§  1992  | 

IgJ  1997  '  || 

All 

Ranch  Hand 

37(4.5) 

76(9.5) 

94(11.9) 

106(13.3) 

149  (18.2) 

(817) 

(799) 

(790) 

(795) 

(817) 

Comparison 

34  (3.5) 

88  (9.2) 

122  (12.9) 

125  (13.1) 

158  (16.2) 

(974) 

(956) 

(948) 

(954) 

(974) 

Officer 

Ranch  Hand 

12  (3.9) 

21  (8.8) 

40(13.2) 

39  (12.8) 

54  (17.4) 

(310) 

(306) 

(302) 

(305) 

(310) 

Comparison 

11  (2.9) 

33  (8.8) 

48  (13.0) 

50(13.3) 

58  (15.3) 

(380) 

(374) 

(368) 

(375) 

(380) 

Enlisted  Flyer 

Ranch  Hand 

11  (7.4) 

16(11.0) 

18(12.6) 

20(13.8) 

28(18.9) 

(148) 

(145) 

(143) 

(145) 

(148) 

Comparison 

6(4.1) 

14  (9.7) 

20  (14.0) 

17(11.9) 

25  (17.2) 

(145) 

(144) 

(143) 

(143) 

(145) 

Enlisted  Groundcrew  Ranch  Hand 

14  (3.9) 

33  (9.5) 

36  (10.4) 

47  (13.6) 

67  (18.7) 

(359) 

(348) 

(345) 

(345) 

(359) 

Comparison 

17  (3.8) 

41  (9.4) 

54  (12.4) 

58(13.3) 

75(16.7) 

(449) 

(438) 

(437) 

(436) 

(449) 

Normal  in  1982 

|  ■  Occupational  a  ■  j* 

N 

amber  (%)  Hig 

hi  !  Adj.  Relative  Risk  |®lf| 

Category 

|nilng^||;i|f| 

iliiiiiaiilillt 

All 

Ranch  Hand 

780 

116(14.9) 

1.16(0.88,1.52) 

0.303 

Comparison 

940 

124(13.2) 

Officer 

Ranch  Hand 

298 

44  (14.8) 

1.18  (0.76,1.85) 

0.462 

Comparison 

369 

47  (12.7) 

Enlisted  Flyer 

Ranch  Hand 

137 

17  (12.4) 

0.89  (0.44,1.81) 

0.758 

Comparison 

139 

19(13.7) 

Enlisted 

Ranch  Hand 

345 

55  (15.9) 

1.26(0.84,1.89) 

0.256 

Groundcrew 

Comparison 

432 

58  (13.4) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  16-39.  Longitudinal  Analysis  of  Fasting  Glucose  ( Discrete )  (Continued) 
..(b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Number  (%)  High /(n) 

Examination 

s -ilfl 

1982 

1985 

1987 

1992 

isisiiii  i 

Low 

10(6.5) 

15  (10.0) 

21  (13.8) 

25  (16.9) 

28  (18.3) 

(153) 

(150) 

(152) 

(148) 

(153) 

Medium 

9  (5.7) 

21  (13.5) 

20(12.9) 

23  (14.8) 

35  (22.2) 

(158) 

(155) 

(155) 

(155) 

(158) 

High 

1 1  (7.2) 

20  (13.3) 

25(16.9) 

26  (17.3) 

38  (24.8) 

(153) 

(150) 

048) 

050) 

(153) 

Initial  Dioxin  Category  Summary  Statistics 

F“ 

Analysis  Results  for  Log2  (Initial  Dioxin)8  < 

Normal  in  1982 

Adj.  Relative  Risk  ^  ,  .'C  ^ i 

(95%  C.\.f  p- Value 

Number  {%)  High 

Initial  Dioxin  n  in  1997  in  1997 

Low  143  19(13.3) 

Medium  149  27(18.1) 

High  142  28  (19.7) 

1.26(1.02,1.56)  0.029 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Number  (%)  High/(n) 
;  Examination 


1982 

Comparison 

32  (3.4) 

84  (9.0) 

117(12.7) 

120(12.9) 

152  (16.1) 

(946) 

(931) 

(922) 

(927) 

(946) 

Background  RH 

7  (2.0) 

20(5.9) 

27  (8.2) 

31  (9.2) 

46(13.3) 

(347) 

(339) 

(330) 

(337) 

(347) 

Low  RH 

14(6.1) 

25(11.2) 

31  (13.7) 

38(17.1) 

43  (18.8) 

(229) 

(223) 

(226) 

(222) 

(229) 

High  RH 

16  (6.8) 

31  (13.4) 

35  (15.3) 

36  (15.6) 

58  (24.7) 

(235) 

(232) 

(229) 

(231) 

(235) 

Low  plus  High  RH 

30  (6.5) 

56  (12.3) 

66  (14.5) 

74  (16.3) 

101  (21.8) 

(464) 

(455) 

(455) 

(453) 

(464) 
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Table  16-39.  Longitudinal  Analysis  of  Fasting  Glucose  (Discrete)  (Continued) 


J  i!  Normal  in  1982  §  *  f  | 

Number  (%)  High 

Adj.  Relative  Risk 
(95%  C.I.)ab  . 

p-Vaiueb 

Comparison 

914 

120(13.1) 

Background  RH 

340 

40(11.8) 

1.04(0.69,1.55) 

0.867 

Low  RH 

215 

30(14.0) 

0.89  (0.56,1.42) 

0.636 

High  RH 

219 

44  (20.1) 

1.58(1.04,2.39) 

0.033 

Low  plus  High  RH 

434 

74(17.1) 

1.19(0.84,1.68) 

0.319 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


The  Model  2  longitudinal  analysis  of  fasting  glucose  revealed  a  significant  positive  association  between 
initial  dioxin  and  high  fasting  glucose  values  (Table  16-39(b):  Adj.  RR=1.26,  p=0.029).  In  the  low, 
medium,  and  high  initial  dioxin  categories,  13.3  percent,  18.1  percent,  and  19.7  percent  of  participants, 
respectively,  who  had  normal  fasting  glucose  levels  in  1982  had  high  fasting  glucose  levels  in  1997. 

The  Model  3  analysis  of  the  change  in  percentage  of  abnormal  fasting  glucose  values  revealed  a 
significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons  (Table 
16-39(c):  Adj.  RR=1.58,  p=0.033).  For  Ranch  Hands  in  the  high  dioxin  category,  20.1  percent  had 
normal  fasting  glucose  levels  in  1982  and  high  fasting  glucose  levels  in  1997.  For  Comparisons,  13.1 
percent  had  normal  fasting  glucose  levels  in  1982  and  high  fasting  glucose  levels  in  1997. 


16.2.3.2.5  2-Hour  Postprandial  Glucose  (Continuous) 

The  Model  1  analysis  of  the  mean  change  in  2-hour  postprandial  glucose  did  not  uncover  a  significant 
difference  between  all  Ranch  Hands  and  Comparisons  (Table  16-40(a):  p=0.982).  Stratifying  by 
occupation  showed  a  marginally  significant  group  difference  in  the  officer  stratum  (Table  16-40(a): 
difference  of  means=3.8  mg/dl,  p=0.096).  The  Ranch  Hand  officers  had  a  mean  increase  of  17.0  mg/dl 
between  1982  and  1997  versus  13.2  mg/dl  for  the  Comparison  officers. 

The  mean  change  in  2-hour  postprandial  glucose  between  1982  and  1997  was  not  significantly  associated 
with  dioxin  in  Models  2  and  3  (Table  16-40(b,c):  p>0.67  for  each  analysis). 
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Table  16-40.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Continuous) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


:  Occupational 

siBiipi#* 

1982 

Meana/(n) 

1985  1987  1992 

1997 

Exam. 

Mean 

Change1* 

Difference  of 
jfg'Exam.,Mean'  f |i 
Change 

p-Vaiuec 

All 

Ranch  Hand 

89.9 

101.8 

106.7 

102.6 

105.5 

15.6 

0.2 

0.982 

(665) 

(651) 

(641) 

(641) 

(665) 

Comparison 

90.2 

104.1 

106.4 

104.0 

105.6 

15.4 

(797) 

(781) 

(775) 

(773) 

(797) 

Officer 

Ranch  Hand 

89.5 

104.5 

107.0 

103.5 

106.5 

17.0 

3.8 

0.096 

(257) 

(254) 

(250) 

(251) 

(257) 

Comparison 

88.8 

102.6 

104.8 

102.1 

102.1 

13.2 

(318) 

(311) 

(305) 

(315) 

(318) 

Enlisted 

Ranch  Hand 

91.7 

100.6 

108.4 

103.8 

107.5 

15.8 

-3.2 

0.332 

Flyer 

(119) 

(117) 

(115) 

(116) 

(119) 

Comparison 

92.8 

107.5 

108.6 

108.9 

111.9 

19.0 

(115) 

(115) 

(114) 

(114) 

(115) 

Enlisted 

Ranch  Hand 

89.5 

99.8 

105.8 

101.3 

103.8 

14.3 

-2.0 

0.326 

Groundcrew 

(289) 

(280) 

(276) 

(274) 

(289) 

Comparison 

90.6 

104.2 

107.1 

104.1 

106.9 

16.3 

(364) 

(355) 

(356) 

(344) 

(364) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  2-hour  postprandial  glucose;  results  adjusted  for  natural 
logarithm  of  2-hour  postprandial  glucose  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-40.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Continuous) 
(Continued) 


■(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b  ill 

Initial  Dioxin 

liSli/ 

Mean7(n) 

Examination 

1987  1992 

1997 

Adjusted  Slope 
(  j|jj!  (Std.  Error) 

-  p- Value 

Low 

90.8 

105.4 

112.3 

102.0 

107.8 

-0.005  (0.012) 

0.670 

(119) 

(117) 

(119) 

(113) 

(119) 

Medium 

91.1 

102.3 

105.4 

106.6 

105.9 

(120) 

(117) 

(116) 

(117) 

(120) 

High 

92.0 

99.6 

106.5 

102.5 

107.3 

(114) 

(112) 

(110) 

(112) 

(114) 

a  Transformed  from  natural  logarithm  scale. 

Results  based  on  difference  between  natural  logarithm  of  1997  2-hour  postprandial  glucose  and  natural  logarithm 
of  1982  2-hour  postprandial  glucose  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of 
the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  2-hour  postprandial  glucose,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-40.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  ( mg/dl )  (Continuous) 
(Continued) 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


ilBiiiiiiPii 

BMSsfiWsi 

§tl?$2rf\ 

Mean7(n) 

1997 

Exam. 

Mean 

Change5 

Difference  of 
Exam.  Mean 
Change 

p- Value0 

Comparison 

90.1 

103.9 

106.5 

103.7 

105.7 

15.6 

(778) 

(764) 

(757) 

(755) 

(778) 

Background 

88.4 

101.1 

105.4 

101.5 

103.9 

15.5 

-0.1 

0.991 

RH 

(310) 

(303) 

(294) 

(297) 

(310) 

Low  RH 

91.3 

103.9 

109.8 

103.1 

107.6 

16.3 

0.7 

0.689 

(177) 

(12) 

(174) 

(169) 

(177) 

High  RH 

91.2 

101.0 

106.4 

104.3 

106.4 

15.1 

-0.5 

0.999 

(176) 

(174) 

(171) 

(173) 

(176) 

Low  plus 

91.3 

102.5 

108.1 

103.7 

107.0 

15.7 

0.1 

0.795 

High  RH 

(353) 

(346) 

(345) 

(342) 

(353) 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P-value  is  based  on  analysis  of  natural  logarithm  of  1997  2-hour  postprandial  glucose;  results  adjusted  for  percent 
body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  1982  2-hour  postprandial  glucose,  and 
age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982, 1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


16.2.3.2.6  2 -Hour  Postprandial  Glucose  ( Discrete ) 

The  Model  1  analysis  of  the  change  in  percentage  of  abnormal  2-hour  postprandial  glucose  levels  did  not 
reveal  a  significant  difference  between  Ranch  Hands  and  Comparisons  across  all  occupations  (Table 
16-41(a):  p=0.795).  Stratifying  by  occupation  revealed  a  significant  difference  between  Ranch  Hands 
and  Comparison  officers  (Table  16-41(a):  Adj.  RR=1.65,  p=0.045).  For  officers  with  normal  2-hour 
postprandial  glucose  levels  in  1982,  17.7  percent  of  the  Ranch  Hands  and  1 1.4  percent  of  the 
Comparisons  had  impaired  2-hour  postprandial  glucose  levels  in  1997. 
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Table  16-41.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Group 

:1:P:  :  : 

Number  (%)  Impaired/(n) 

Examination  :!  |  |ij|{!|  1 1 

1982 

1985 

1987 

1992 

1997 

All 

Ranch  Hand 

40  (6.0) 

53  (8.1) 

88(13.7) 

80  (12.5) 

110(16.5) 

(665) 

(651) 

(641) 

(641) 

(665) 

Comparison 

57  (7.2) 

83  (10.6) 

84  (10.8) 

91  (11.8) 

132  (16.6) 

(797) 

(781) 

(775) 

(773) 

(797) 

Officer 

Ranch  Hand 

14  (5.4) 

23  (9.1) 

31  (12.4) 

31  (12.4) 

50(19.5) 

(257) 

(254) 

(250) 

(251) 

(257) 

Comparison 

19  (6.0) 

27  (8.7) 

23  (7.5) 

33  (10.5) 

41  (12.9) 

(318) 

(311) 

(305) 

(315) 

(318) 

Enlisted  Flyer 

Ranch  Hand 

9  (7.6) 

10(8.5) 

21  (18.3) 

12(10.3) 

22(18.5) 

(119) 

(117) 

(115) 

(116) 

(119) 

Comparison 

16  (13.9) 

17  (14.8) 

17  (14.9) 

20  (17.5) 

25  (21.7) 

(115) 

(115) 

(114) 

(114) 

(115) 

Enlisted  Groundcrew 

Ranch  Hand 

17  (5.9) 

20(7.1) 

36(13.0) 

37  (13.5) 

38(13.1) 

(289) 

(280) 

(276) 

(274) 

(289) 

Comparison 

22  (6.0) 

39(11.0) 

44  (12.4) 

38(11.0) 

66(18.1) 

(364) 

(355) 

(356) 

(344) 

(364) 

Group 

ii  :  mmrnm 

in  1982 

il' 5  ||fi.  *  Sjjj 

lllliliiiiiil 

n  in  1997  1 

?x i  vi v*j X&wi £ ScWSswv* *>■ i j ■  - 

Number,  (%)  f 
Impaired  in  1997 

Adj.  Relative  Risk 

muMmtmMA 

All 

Ranch  Hand 

625 

92  (14.7) 

1.04(0.77,1.41) 

0.795 

Comparison 

740 

106(14.3) 

Officer 

Ranch  Hand 

243 

43  (17.7) 

1.65(1.01,2.71) 

0.045 

Comparison 

299 

34(11.4) 

Enlisted  Flyer 

Ranch  Hand 

110 

18  (16.4) 

0.90  (0.44,1.87) 

0.783 

Comparison 

99 

18(18.2) 

Enlisted 

Ranch  Hand 

272 

31  (11.4) 

0.73  (0.45,1.18) 

0.199 

Groundcrew 

Comparison 

342 

54  (15.8) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  16-41.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete) 
(Continued) 


(b)  MODEL  2:  RANCH  HANDS —  INITIAL  DIOXLN 


Number  (%)  Impaired/(n) 

Examination 

Initial  Dioxin 

1982 

1985 

1987 

111^19^2:- 11:| 

Low 

6  (5.0) 

11  (9.4) 

21  (17.6) 

15(13.3) 

23  (19.3) 

(119) 

(117) 

(119) 

(113) 

(119) 

Medium 

10(8.3) 

8  (6.8) 

14(12.1) 

18(15.4) 

22(18.3) 

(120) 

(117) 

(116) 

(117) 

(120) 

High 

7(6.1) 

10  (8.9) 

16(14.5) 

14  (12.5) 

20  (17.5) 

(114) 

(112) 

(110) 

(112) 

(114) 

;  ^:i|4|^4;/![5Ihltial  Dioxin  Category  Summary  Statistics ;  ? 

1  Analysis  Results  for  Log2  (Initial  Dioxin)®;  g  1 1| | 

Normal  in  1982 

Ifftll  Adj.  Relative  Risk  - 

(95%C.I.)b  y  p- Value 

Number {%)  Impaired 

Low  113  20(17.7) 

Medium  110  17(15.5) 

High  107  18(16.8) 

1.04(0.81,1.34)  0.765 

*  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see 
Chapter  7,  Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%)  Impaired/(n) 

■ifiiiliii# 

1982 

1,"^  ■ 

ISMiSISSfilSl 

Comparison 

54  (6.9) 

80(10.5) 

82  (10.8) 

87(11.5) 

129  (16.6) 

(778) 

(764) 

(757) 

(755) 

(778) 

Background  RH 

17  (5.5) 

24  (7.9) 

37  (12.6) 

33(11.1) 

45  (14.5) 

(310) 

(303) 

(294) 

(297) 

(310) 

Low  RH 

13  (7.3) 

15  (8.7) 

26  (14.9) 

22  (13.0) 

34  (19.2) 

(117) 

(172) 

(174) 

(169) 

(177) 

High  RH 

10  (5.7) 

14  (8.0) 

25  (14.6) 

25  (14.5) 

31  (17.6) 

(176) 

(174) 

(171) 

(173) 

(176) 

Low  plus  High  RH 

23  (6.5) 

29  (8.4) 

51  (14.8) 

47  (13.7) 

65  (18.4) 

(353) 

(346) 

(345) 

(342) 

(353) 
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Table  16-41.  Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Discrete) 
(Continued) 


Dioxin  Category 

Normal  in  1982 

Number  (%) 

n  in  1997  Impaired  in  1997 

Adj.  Relative  Risk 
(95%  C.I.)ab 

p-Valueb 

Comparison 

724 

105  (14.5) 

Background  RH 

293 

37  (12.6) 

0.87  (0.58,1.32) 

0.524 

Low  RH 

164 

28(17.1) 

1.14  (0.71,1.83) 

0.584 

High  RH 

166 

27  (16.3) 

1.24  (0.77,2.01) 

0.382 

Low  plus  High  RH 

330 

55  (16.7) 

1.19(0.82,1.72) 

0.356 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see 
Chapter  7,  Statistical  Methods). 


The  longitudinal  analyses  in  Models  2  and  3  did  not  reveal  a  significant  association  between  dioxin  and 
the  change  in  2-hour  postprandial  glucose  levels  between  1982  and  1997  (Table  16-41(b,c):  p>0.35  for 
each  analysis). 


16.2.3.2.7  Total  Testosterone  (Continuous) 

The  Model  1  analysis  of  the  change  in  mean  total  testosterone  did  not  reveal  a  significant  difference 
between  Ranch  Hands  and  Comparisons  across  all  occupations  or  within  each  occupational  stratum 
(Table  16-42(a):  p>0.35  for  each  analysis). 
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Table  16-42.  Longitudinal  Analysis  of  Total  Testosterone  (ng/dl)  (Continuous) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Group 

1982 

Meana/(n) 

Examination 

1985  1987  1992 

1997 

Exam.  |pg 
Mean 
Change* 

Difference  of 
|  Exam.  Mean  fl  j 
If  Change 

p- Value0 

All 

Ranch  Hand 

640.8 

600.6 

532.1 

509.6 

424.1 

-216.7 

-13.1 

0.380 

(800) 

(780) 

(773) 

(775) 

(800) 

Comparison 

626.7 

581.6 

525.9 

498.3 

423.1 

-203.6 

(953) 

(936) 

(929) 

(929) 

(953) 

Officer 

Ranch  Hand 

601.7 

573.8 

502.0 

490.5 

401.9 

-199.8 

-11.1 

0.353 

(302) 

(295) 

(294) 

(295) 

(302) 

Comparison 

601.8 

556.0 

499.4 

475.5 

413.1 

-188.7 

(371) 

(367) 

(361) 

(365) 

(371) 

Enlisted 

Ranch  Hand 

651.3 

611.6 

530.9 

518.9 

446.3 

-205.0 

-2.8 

0.788 

Flyer 

(143) 

(140) 

(138) 

(140) 

(143) 

Comparison 

634.3 

588.3 

537.0 

508.4 

432.0 

-202.2 

(140) 

(139) 

038) 

(138) 

(140) 

Enlisted 

Ranch  Hand 

670.9 

619.5 

559.4 

522.7 

434.5 

-236.3 

-19.5 

0.472 

Groundcrew 

(355) 

(345) 

(341) 

(340) 

(355) 

Comparison 

645.5 

601.7 

545.2 

515.0 

428.6 

-216.8 

(442) 

(430) 

(430) 

(426) 

(442) 

a  Transformed  from  the  square  root  of  total  testosterone. 

Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  the  square  root  of  total  testosterone;  results  adjusted  for  the  square  root  of  total 
testosterone  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-42.  Longitudinal  Analysis  of  Total  Testosterone  (ng/dl)  ( Continuous ) 
(Continued) 


(b)  MODEL  2:  RANCH  HANDS 

^INITIAL 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

:.'5Mean7(n):;;.it;3 

Examination 

Adjusted  Slope 
(Std.  Error) 

p-Value 

:  Initial  Dioxin 

1982 

ffgjgffjif 

Am® 

1992 

1997 

Low 

639.7 

573.0 

515.1 

507.1 

404.3 

0.280  (0.143) 

0.051 

(150) 

(146) 

(149) 

(145) 

(150) 

Medium 

621.7 

559.1 

518.1 

472.9 

394.7 

(157) 

(154) 

(154) 

(154) 

(157) 

High 

616.6 

586.4 

515.2 

486.7 

421.6 

(149) 

(147) 

(144) 

(146) 

(149) 

a  Transformed  from  square  root  of  total  testosterone. 

Results  based  on  difference  between  the  square  root  of  1997  total  testosterone  and  the  square  root  of  1982  total 
testosterone  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of 
dioxin,  square  root  of  1982  total  testosterone,  and  age  in  1997. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  16-42.  Longitudinal  Analysis  of  Total  Testosterone  (ng/dl)  (Continuous) 
(Continued) 


(c)  MODEL  3 :  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin 

1982 

Mean7(n)v 

Examination 

igi987|;;! 

1992 

1997  || 

Exam.  2 
Mean  1 
Changeb 

2  Difference  of 
|fj  Exam.  Mean  ||| 
Change 

p-yalue^ 

Comparison 

628.1 

581.6 

527.1 

498.4 

423.6 

-204.5 

(925) 

(911) 

(903) 

(902) 

(925) 

Background 

662.6 

639.4 

554.6 

540.7 

448.7 

-213.9 

-9.4 

0.789 

RH 

(339) 

(329) 

(322) 

(326) 

(339) 

Low  RH 

630.9 

564.5 

513.9 

498.8 

400.9 

-230.0 

-25.5 

0.070 

(225) 

(218) 

(222) 

(218) 

(225) 

High  RH 

621.1 

580.3 

518.4 

478.6 

412.1 

-209.0 

-4.5 

0.885 

(231) 

(229) 

(225) 

(227) 

(231) 

Low  plus 

625.9 

572.5 

516.2 

488.4 

406.6 

-219.3 

-14.8 

0.287 

High  RH 

(456) 

(447) 

(447) 

(445) 

(456) 

a  Transformed  from  the  square  root  of  total  testosterone. 

b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  the  square  root  of  1997  total  testosterone;  results  adjusted  for  percent  body  fat  at  the 
date  of  the  blood  measurement  of  dioxin,  the  square  root  of  1982  total  testosterone,  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations. 


The  Model  2  longitudinal  analysis  revealed  a  marginally  significant  positive  association  between  initial 
dioxin  and  change  in  mean  total  testosterone  levels  (Table  16-42(b):  adjusted  slope=0.280,  p=0.051). 

The  Model  3  analysis  of  change  in  mean  total  testosterone  levels  between  1982  and  1997  revealed  a 
marginally  significant  difference  between  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons 
(Table  16-42(c):  difference  of  means=-25.5  ng/dl,  p=0.070).  The  mean  decrease  between  1982  and  1997 
for  Ranch  Hands  in  the  low  dioxin  category  was  230.0  ng/dl  versus  204.5  ng/dl  for  Comparisons. 

16.2.3.2.8  Total  Testosterone  ( Discrete ) 

The  longitudinal  analysis  in  Models  1  through  3  of  low  total  testosterone  levels  was  not  significantly 
associated  with  group  or  dioxin  (Table  16-43(a-c):  p>0.15  for  each  analysis). 
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Table  16-43.  Longitudinal  Analysis  of  Total  Testosterone  (Discrete) 

(a)  MODEL!:  RANCH  HANDS  VS.  COMPARISONS 

Group 

Number  (%)  Low  /(n) 

•  <  Examination  \  \  t  \ 

1982 

1985 

1987 

1992 ;• 'If 

All 

Ranch  Hand 

37(4.6) 

21  (2.7) 

14  (1.8) 

34  (4.4) 

67(8.4) 

(800) 

(780) 

(773) 

(775) 

(800) 

Comparison 

47(4.9) 

24(2.6) 

13(1.4) 

50  (5.4) 

80  (8.4) 

(953) 

(936) 

(929) 

(929) 

(953) 

Officer 

Ranch  Hand 

15  (5.0) 

10  (3.4) 

6  (2.0) 

14  (4.7) 

27  (8.9) 

(302) 

(295) 

(294) 

(295) 

(302) 

Comparison 

20  (5.4) 

14  (3.8) 

7  (1.9) 

19  (5.2) 

30  (8.1) 

(371) 

(367) 

(361) 

(365) 

(371) 

Enlisted  Flyer 

Ranch  Hand 

8  (5.6) 

4  (2.9) 

5  (3.6) 

5  (3.6) 

11  (7.7) 

(143) 

(140) 

(138) 

(140) 

(143) 

Comparison 

8  (5.7) 

2(1.4) 

1  (0.7) 

7(5.1) 

10(7.1) 

(140) 

(139) 

(138) 

(138) 

(140) 

Enlisted  Groundcrew 

Ranch  Hand 

14  (3.9) 

7  (2.0) 

3  (0.9) 

15  (4.4) 

29  (8.2) 

(355) 

(345) 

(341) 

(340) 

(355) 

Comparison 

19  (4.3) 

8(1.9) 

5(1.2) 

24  (5.6) 

40  (9.1) 

(442) 

(430) 

(430) 

(426) 

(442) 

:  '  Normal  in  1982;|£|||:§f  f  | 

Adj.  Relative  Risk 
{95%'CX.f 

mmm 

Number  (%)  Low 
in  1997  / 

AU 

Ranch  Hand 

763 

54(7.1) 

1.00  (0.69,1.46) 

0.984 

Comparison 

906 

64(7.1) 

Officer 

Ranch  Hand 

287 

21  (7.3) 

1.03  (0.56,1.87) 

0.935 

Comparison 

351 

25  (7.1) 

Enlisted  Flyer 

Ranch  Hand 

135 

9(6.7) 

1.28  (0.46,3.54) 

0.637 

Comparison 

132 

7  (5.3) 

Enlisted 

Ranch  Hand 

341 

24  (7.0) 

0.94  (0.54,1.62) 

0.817 

Groundcrew 

Comparison 

423 

32  (7.6) 

a  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1997  results;  results 
adjusted  for  age  in  1997. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes 
for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical  analyses  are  based  only  on 
participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  16-43.  Longitudinal  Analysis  of  Total  Testosterone  (Discrete)  (Continued) 


(b)  MODEL  2:  RANCH  HANDS  — INITIAL  DIOXIN 


Number  (%)  Low  /(n) 

Examination 

Initial  Dioxin 

1982 

1985 

1987 

1992 

1997 

Low 

6  (4.0) 

2(1.4) 

5  (3.4) 

5(3.4) 

13  (8.7) 

(150) 

(146) 

(149) 

(145) 

(150) 

Medium 

8(5.1) 

6(3.9) 

2(1.3) 

10  (6.5) 

18(11.5) 

(157) 

(154) 

(154) 

(154) 

(157) 

High 

10(6.7) 

3  (2.0) 

3(2.1) 

10  (6.8) 

16(10.7) 

(149) 

(147) 

(144) 

(146) 

(149) 

'  Category  Summary  Statistics 

Normal  in  1982 

Adj.  Relative  Risk 

In  1997 

1  (95%  i|8‘ 

ttifKStia/I 

p-Value 

Low 

144 

10  (6.9) 

1.04(0.80,1.35) 

0.760 

Medium 

149 

16  (10.7) 

High 

139 

14(10.1) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


(c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

%*:  SjjjSfe  S§£  i§l  (M  &#■ 

r  vj is 
I?1  ( A  ,s^Tvi  i 

v  i  Number  (%)  Low/(n) 

Examination 

' ilk*  '  ft;  \v;A 

I  Dioxin  Category  jg§ 

1982 

IHH 

SMmmmmm 

Alp  1992  |f| 

HlfcSllii 

Comparison 

45  (4.9) 

24  (2.6) 

13(1.4) 

49  (5.4) 

78  (8.4) 

(925) 

(911) 

(903) 

(902) 

(925) 

Background  RH 

13  (3.8) 

10(3.0) 

4(1.2) 

9  (2.8) 

20  (5.9) 

(339) 

(329) 

(322) 

(326) 

(339) 

Low  RH 

11  (4.9) 

5  (2.3) 

7  (3.2) 

7  (3.2) 

19  (8.4) 

(225) 

(218) 

(222) 

(218) 

(225) 

High  RH 

13  (5.6) 

6  (2.6) 

3  (1.3) 

18  (7.9) 

28(12.1) 

(231) 

(229) 

(225) 

(227) 

(231) 

Low  plus  High  RH 

24  (5.3) 

11(2.5) 

10  (2.2) 

25  (5.6) 

47  (10.3) 

(456) 

(447) 

(447) 

(445) 

(456) 
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Table  16-43.  Longitudinal  Analysis  of  Total  Testosterone  (Discrete)  (Continued) 


;;M|p6ipxin 

Normal  in  1982 

|  'J  &  '  i  "  *  \  1  f  §  Number  (%)  Low 

n  in  1997  in  1997 

Adj.  Relative  Risk 
(95%  C.I,)ab  SJ '  ?  | 

p-Valueb 

Comparison 

880 

64  (7.3) 

Background  RH 

326 

14  (4.3) 

0.71  (0.39,1.31) 

0.278 

Low  RH 

214 

16  (7.5) 

0.93  (0.52,1.67) 

0.812 

High  RH 

218 

24(11.0) 

1.46  (0.87,2.44) 

0.153 

Low  plus  High  RH 

432 

40  (9.3) 

1.17(0.76,1.79) 

0.482 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1985,  and  1997  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided 
for  reference  purposes  for  participants  who  attended  the  1982,  1992,  and  1997  examinations.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


16.3  DISCUSSION 

The  historical,  physical  examination,  and  laboratory  data  analyzed  in  this  chapter  provide  a 
comprehensive  assessment  of  thyroid,  gonadal,  and  endocrine  pancreatic  function  in  the  population  under 
study.  The  current  laboratory  database  includes  several  indices  relevant  to  the  possibility  that  dioxin  may 
influence  glucose  metabolism.  The  oc-l-C  hemoglobin  measurement  reflects  the  average  blood  sugar 
over  a  3-  to  4-month  period  and  is  a  more  accurate  index  of  diabetic  control  than  random  or  fasting  blood 
sugar  measurements.  In  general,  participants  with  diabetes  were  of  the  adult-onset  variety  (Type  2),  as 
associated  with  obesity  and  characterized  by  an  acquired  defect  in  insulin  receptors  with  elevated  serum 
insulin  levels. 

Serum  levels  of  TSH,  LH,  and  FSH  are  indices  of  pituitary  and  hypothalamic  function,  while  the  T4  and 
testosterone  levels  reflect  the  integrity  of  the  thyroid  gland  and  testicles,  respectively.  Additional  physical 
examination  variables  pertinent  to  endocrine  function — body  habitus,  ocular  signs,  and  deep  tendon 
reflexes — were  included  in  the  general  and  neurological  examinations  and  are  reported  in  Chapters  9  and 
Irrespectively. 

In  the  analysis  of  historical  variables  verified  by  a  medical  records  review,  the  prevalence  of  thyroid 
disorders  and  diabetes  was  similar  in  the  Ranch  Hand  and  Comparison  cohorts  (7.5%  versus  8.4%  and 
16.9%  versus  17.0%,  respectively).  For  Ranch  Hands,  in  a  pattern  consistent  with  a  dose-response,  a 
significant  positive  association  was  noted  between  the  current  body  burden  of  dioxin  and  the  development 
of  diabetes,  specifically  in  the  later  stages  requiring  oral  hypoglycemic  and  insulin  therapy.  Ranch  Hands 
with  higher  levels  of  initial  and  1987  serum  dioxin  were  significantly  more  likely  to  develop  diabetes 
sooner  after  their  exposure  than  those  with  lower  serum  dioxin  levels. 
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After  analyzing  the  physical  examination  and  all  laboratory  indices  of  thyroid  function  (T4,  TSH,  and 
anti-thyroid  antibodies),  no  significant  group  differences  were  defined.  Consistent  with  the  1985,  1987, 
and  1992  examinations.  Ranch  Hands  continued  to  have  a  slightly  higher  mean  serum  TSH  than 
Comparisons  (1.88  plU/ml  versus  1.81  fiIU/ml),  but  the  difference  is  not  statistically  significant.  By 
discrete  analysis,  the  prevalence  of  abnormal  T4  results  was  identical  in  the  two  cohorts  (2.7%).  In  the 
assessment  of  glucose  metabolism  without  regard  to  dioxin  levels,  no  significant  group  differences  were 
noted  in  any  of  the  historical  or  laboratory  variables  examined,  and  the  history  of  diabetes  by  the 
composite  indicator  was  similar  in  the  Ranch  Hand  and  Comparison  cohorts.  With  respect  to  the 
possibility  that  dioxin  exposure  might  be  a  risk  factor  for  the  development  of  diabetes,  1987  serum  dioxin 
levels  were  strongly  associated,  in  a  dose-response  pattern,  with  abnormal  elevations  in  fasting  blood 
sugar  in  both  discrete  and  continuous  forms  and  with  the  occurrence  of  fasting  glycosuria.  Similar 
statistical  significance  (pcO.OOl)  was  found,  by  both  continuous  and  discrete  analyses,  in  the  association 
of  both  initial  and  1987  serum  dioxin  with  elevations  in  a-l-C  hemoglobin  which,  as  noted  above,  is  a 
more  accurate  reflection  of  blood  sugar  levels  over  time. 

In  the  analyses  of  diabetic  severity.  Ranch  Hands  were  significantly  more  likely  than  Comparisons  to 
require  insulin  for  control  (2.8%  versus  1.4%),  particularly  in  the  officer  and  enlisted  groundcrew 
occupational  groups  (3.6%  versus  1.4%  and  2.4%  versus  1.1%,  respectively).  Further,  in  a  dose-response 
pattern,  requiring  insulin  to  treat  diabetes  was  significantly  more  common  in  Ranch  Hands  with  high 
1987  levels  of  serum  dioxin  than  in  Comparisons. 

In  1992,  a  significant  association  was  noted  between  serum  insulin  and  1987  serum  dioxin  in 
nondiabetics.  In  the  1997  examination,  after  adjustment  for  covariates,  no  significant  association  was 
found  between  serum  insulin  and  1987  serum  dioxin. 

In  the  assessment  of  gonadal  function,  no  significant  group  differences  were  defined  on  physical 
examination  or  with  respect  to  the  laboratory  indices  analyzed.  Consistent  with  all  previous 
examinations,  mean  serum  levels  of  free  and  total  testosterone  were  slightly  higher  in  Ranch  Hands  than 
in  Comparisons  but  differences  were  minimal.  The  unadjusted  analysis  of  total  serum  testosterone 
yielded  results  consistent  with  a  dioxin  effect:  total  testosterone  decreased  as  the  1987  dioxin  level 
increased  in  Ranch  Hands.  After  adjustment  for  covariates,  the  difference  was  no  longer  significant. 
Similar  results  were  noted  in  the  analyses  of  the  biologically  active  free  form  of  testosterone. 

Dependent  variable-covariate  analyses  confirmed  associations  that  are  well  established  in  clinical 
practice.  The  classic  risk  factors  of  age,  obesity,  and  family  history  of  diabetes  were  strongly  and 
positively  associated  with  all  diabetic  indices.  A  significant  negative  association  was  noted  between  age 
and  testicular  size  and  serum  testosterone.  Blacks  were  at  significantly  greater  risk  for  the  development 
of  diabetes  by  the  composite  indicator  and  by  all  laboratory  indices  of  glucose  metabolism. 

The  longitudinal  analyses  yielded  results  that  would  be  anticipated  in  this  aging  population  with  no 
significant  group  differences  defined.  The  increasing  history  of  diabetes  by  the  composite  indicator  was 
similar  in  Ranch  Hands  and  Comparisons  (17.7%  versus  16.9%,  respectively),  as  were  abnormal 
elevations  in  both  fasting  and  two-hour  postprandial  blood  sugar  (18.2%  versus  16.2%  and  16.5%  versus 
16.6%,  respectively).  Evidence  for  a  dioxin  effect  was  apparent  in  several  analyses.  In  a  dose-response 
pattern,  an  increasing  history  of  diabetes  was  noted  in  Ranch  Hands  in  the  low,  medium,  and  high  initial 
dioxin  categories  (17.9%,  18.9%,  and  21.4%,  respectively;  p=0.019),  and  Ranch  Hands  in  the  high  serum 
dioxin  category  were  at  significantly  greater  risk  for  the  development  of  diabetes  relative  to  Comparisons 
(RR=1.61,  p=0.023).  In  both  cohorts,  serum  testosterone  continues  to  decrease  with  advancing  years. 

In  summary,  after  15  years  of  observation,  the  prevalence  of  diabetes,  thyroid  disorders,  and  gonadal 
dysfunction  remains  similar  in  Ranch  Hands  and  Comparisons,  although  significant  adverse  relations 
exist  between  glucose  intolerance  and  dioxin  among  Ranch  Hands.  Although  cause  and  effect  have  not 
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been  established,  the  results  cited  above  provide  additional  evidence  for  an  association  between  diabetes 
and  elevated  serum  dioxin  levels. 


16.4  SUMMARY 

Dependent  variables  to  assess  thyroid,  gonadal,  and  pancreatic  function  were  examined  in  the  endocrine 
assessment.  Each  health  endpoint  was  examined  for  an  association  with  exposure  group  (Model  1),  initial 
dioxin  (Model  2),  categorized  dioxin  (Model  3),  and  1987  dioxin  levels  (Model  4).  Significant  results 
based  on  adjusted  analyses  are  discussed  below. 

16.4.1  Model  1:  Group  Analysis 

The  adjusted  group  analysis  of  diabetic  severity  showed  that  a  greater  percentage  of  Ranch  Hands  than 
Comparisons  required  insulin  to  treat  diabetes  when  combining  all  occupations.  Stratifying  by 
occupation  revealed  a  marginally  significant  increase  in  the  need  for  insulin  to  treat  diabetes  for  Ranch 
Hand  officers  and  enlisted  groundcrew.  A  marginally  significant  increase  in  the  presence  of  2-hour 
postprandial  urinary  glucose  in  Ranch  Hands  was  observed  when  combining  all  occupations.  Stratifying 
the  adjusted  analysis  by  occupation  revealed  Ranch  Hand  officers  had  a  significantly  higher  prevalence  of 
2-hour  postprandial  urinary  glucose  than  did  Comparison  officers. 

Significant  results  for  the  thyroid  function  revealed  a  significantly  greater  percentage  of  abnormally  high 
TSH  values  in  Ranch  Hand  enlisted  groundcrew  than  Comparison  enlisted  groundcrew.  In  addition. 
Comparison  officers  had  a  significantly  lower  mean  estradiol  level  than  Ranch  Hand  officers. 

The  results  of  all  unadjusted  and  adjusted  Model  I  analyses  are  summarized  in  Table  16-44. 


Table  16-44.  Summary  of  Group  Analysis  (Model  1)  for  Endocrine  Variables  (Ranch  Hands  vs. 
Comparisons) 


UNADJUSTED 

Variable 

Hfliilllif 

Officer 

Enlisted 

Flyer 

Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

ns 

NS 

ns 

Composite  Diabetes  Indicator  (D) 

ns 

NS 

ns 

ns 

Diabetic  Severity  (D): 

No  Treatment  vs.  None 

NS 

ns 

ns 

NS 

Diet  Only  vs.  None 

NS 

NS 

NS 

NS 

Oral  Hypoglycemics  vs.  None 

ns* 

ns 

ns 

ns 

Requiring  Insulin  vs.  None 

+0.026 

NS* 

ns 

NS 

Time  to  Diabetes  Onset  (C)  a 

NS 

ns 

NS 

NS 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

NS 

ns 

Testicular  Exam  (D) 

NS 

ns 

NS 

NS 

Laboratory 

TSH  (C) 

NS 

NS 

ns 

NS 

TSH  (D): 

Low  vs.  Normal 

NS 

NS 

NS 

ns 

High  vs.  Normal 

NS 

NS 

ns 

+0.044 

Thyroxine  (C) a 

NS 

ns 

NS 

NS 

Thyroxine  (D) 

NS 

NS 

NS 

ns 
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Table  16-44.  Summary  of  Group  Analysis  (Model  1)  for  Endocrine  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


UNADJUSTED  : 

IliBSiliil 

Officer 

JlgJ  'Enlisted 
U|  Flyer  |fg 

Enlisted  fjf  till 
Groundcrew  1 

Anti-Thyroid  Antibodies  (D) 

NS 

ns 

NS 

ns 

Fasting  Glucose  (C) 

ns 

NS 

ns 

ns 

Fasting  Glucose  (D) 

NS 

NS 

NS 

NS 

2-Hour  Postprandial  Glucose  (C) 

NS 

NS* 

ns 

ns 

2-Hour  Postprandial  Glucose  (D) 

NS 

NS* 

ns 

ns 

Fasting  Urinary  Glucose  (D) 

ns 

NS 

NS 

ns 

2-Hour  Postprandial  Urinary  Glucose  (D) 

NS 

+0.034 

ns 

NS 

Serum  Insulin  (C) 

NS 

NS 

ns 

ns 

Serum  Insulin  (D): 

Low  vs.  Normal 

ns 

ns 

NS 

ns 

High  vs.  Normal 

ns 

NS 

ns 

ns 

a-l-C  Hemoglobin  (C) 

ns 

NS 

ns 

ns 

a-l-C  Hemoglobin  (D) 

NS 

NS 

ns 

NS 

Total  Testosterone  (C) a 

NS 

ns 

NS 

NS 

Total  Testosterone  (D) 

NS 

NS 

NS 

NS 

Free  Testosterone  (C) a 

NS 

ns 

NS 

NS 

Free  Testosterone  (D) 

NS 

NS 

NS* 

ns 

Estradiol  (C) 

ns 

-0.003 

NS 

NS 

Estradiol  (D) 

ns 

ns 

ns 

NS 

LH  (C) 

NS 

NS 

ns 

ns 

LH  (D) 

NS 

NS 

ns 

ns 

FSH  (C) 

NS 

NS* 

NS 

ns 

FSH  (D) 

NS 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

-:  Difference  of  means  negative. 

a  Negative  difference  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


>*>/  ai> 

iiSi::^DffiSTED  "  5  .  • 

|  -,f 'f ;]Gr 

>und  crew 

Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

ns 

NS 

ns 

Composite  Diabetes  Indicator  (D) 

NS 

NS 

ns 

NS 

Diabetic  Severity  (D): 

No  Treatment  vs.  None 

NS 

ns 

ns 

NS 

Diet  Only  vs.  None 

NS 

NS 

NS 

NS 

Oral  Hypoglycemics  vs.  None 

ns 

ns 

ns 

ns 

Requiring  Insulin  vs.  None 

+0.017 

NS* 

NS 

NS* 

Time  to  Diabetes  Onset  (C) a 

NS 

ns 

NS 

ns 
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Table  16-44.  Summary  of  Group  Analysis  (Model  1)  for  Endocrine  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 

Variable 

lialiii 

Officer 

^  v?  Enlisted  '■ 

mmmmSMMrnXS 

|i |  j| :  -5 :  |liipi!I|l 

1  §|  Groundcrew 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

NS 

ns 

Testicular  Exam  (D) 

NS 

ns 

NS 

NS 

Laboratory 

TSH  (C) 

NS 

NS 

ns 

NS* 

TSH  (D): 

Low  vs.  Normal 

NS 

NS 

NS 

ns 

High  vs.  Normal 

NS 

NS 

ns 

+0.037 

Thyroxine  (C) a 

NS 

ns 

NS 

NS 

Thyroxine  (D) 

NS 

NS 

NS 

ns 

Anti-Thyroid  Antibodies  (D) 

NS 

ns 

NS 

ns 

Fasting  Glucose  (C) 

NS 

NS 

ns 

ns 

Fasting  Glucose  (D) 

NS 

NS 

ns 

NS 

2-Hour  Postprandial  Glucose  (C) 

NS 

NS* 

ns 

ns 

2-Hour  Postprandial  Glucose  (D) 

ns 

NS 

ns 

ns 

Fasting  Urinary  Glucose  (D) 

ns 

NS 

NS 

ns 

2-Hour  Postprandial  Urinary  Glucose  (D) 

NS* 

+0.044 

ns 

NS 

Serum  Insulin  (C) 

NS 

NS 

ns 

NS 

Serum  Insulin  (D): 

Low  vs.  Normal 

ns 

ns 

ns 

ns 

High  vs.  Normal 

ns 

NS 

ns 

ns 

a-l-C  Hemoglobin  (C) 

NS 

NS 

ns 

NS 

a-l-C  Hemoglobin  (D) 

NS 

NS 

ns 

NS* 

Total  Testosterone  (C) a 

ns 

ns 

NS 

ns 

Total  Testosterone  (D) 

NS 

NS 

NS 

NS 

Free  Testosterone  (C) a 

NS 

ns 

NS 

NS 

Free  Testosterone  (D) 

NS 

NS 

NS* 

ns 

Estradiol  (C) 

ns 

-0.003 

NS 

NS 

Estradiol  (D) 

ns 

ns 

ns 

NS 

LH  (C) 

ns 

NS 

ns 

ns 

LH  (D) 

NS 

NS 

ns 

ns 

FSH  (C) 

NS 

NS 

ns 

ns 

FSH  (D) 

NS 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

-:  Difference  of  means  negative. 
a  Negative  difference  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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16.4.2  Model  2:  Initial  Dioxin  Analysis 

A  positive  association  between  initial  dioxin  and  diabetes  was  observed.  The  need  for  insulin  to  treat 
diabetes  increased  as  initial  dioxin  increased.  A  marginally  significant  increase  in  the  percentage  of 
Ranch  Hands  taking  oral  hypoglycemics  also  was  observed.  The  time  to  diabetes  onset  was  significantly 
shorter  for  Ranch  Hands  with  higher  initial  dioxin  levels.  The  adjusted  analysis  of  laboratory  measures  of 
diabetes  revealed  a  positive  association  between  initial  dioxin  and  both  fasting  glucose  and  a-l-C 
hemoglobin,  in  both  continuous  and  discrete  forms. 

A  marginally  significant  decrease  in  low  free  testosterone  levels  was  observed  as  initial  dioxin  increased. 
The  results  of  all  unadjusted  and  adjusted  Model  2  analyses  are  summarized  in  Table  16-45. 


Table  16-45.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Endocrine  Variables  (Ranch 
Hands  Only) 


Variable 


Unadjusted 


Adjusted 


NS 

NS 


NS 

+0.005 


Medical  Records 

Past  Thyroid  Disease  (D) 

Composite  Diabetes  Indicator  (D) 
Diabetic  Severity  (D): 

No  Treatment  vs.  None 
Diet  Only  vs.  None 
Oral  Hypoglycemics  vs.  None 
Requiring  Insulin  vs.  None 
Time  to  Diabetes  Onset  (C)  a 
Physical  Examination 
Thyroid  Gland  (D) 

Testicular  Exam  (D) 

Laboratory 
TSH  (C) 

TSH  (D): 

Low  vs.  Normal 
High  vs.  Normal 
Thyroxine  (C) a 
Thyroxine  (D) 

Anti-Thyroid  Antibodies  (D) 

Fasting  Glucose  (C) 

Fasting  Glucose  (D) 

2-Hour  Postprandial  Glucose  (C) 

2-Hour  Postprandial  Glucose  (D) 

Fasting  Urinary  Glucose  (D) 

2-Hour  Postprandial  Urinary  Glucose  (D) 
Serum  Insulin  (C) 

Serum  Insulin  (D): 

Low  vs.  Normal 
High  vs.  Normal 
a-l-C  Hemoglobin  (C) 
a-l-C  Hemoglobin  (D) 

Total  Testosterone  (C) a 
Total  Testosterone  (D) 

Free  Testosterone  (C) a 
Free  Testosterone  (D) 


NS 

NS 

NS 

NS 

NS 

NS* 

NS 

+0.001 

ns 

-0.013 

ns 

NS 

ns 

NS 

ns 

ns 

NS 

NS 

NS 

NS 

NS 

ns 

NS 

NS 

ns 

NS 

NS 

+0.014 

NS 

+0.013 

ns 

NS 

ns 

ns 

NS 

NS 

ns 

ns 

NS 

NS 

ns 

ns 

NS 

NS 

+0.009 

+0.001 

+0.013 

+0.001 

+0.047 

ns 

NS 

NS 

+0.003 

ns 

-0.019 

ns* 
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Table  16-45.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Endocrine  Variables 
(Ranch  Hands  Only)  (Continued) 


rnm&mm 

fig 

Unadjusted 

Adjusted 

Estradiol  (C) 

NS* 

NS 

Estradiol  (D) 

+0.045 

NS 

LH  (C) 

ns 

ns 

LH  (D) 

ns 

ns 

FSH  (C) 

ns* 

ns 

FSH  (D) 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 
a  Negative  slope  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


16.4.3  Model  3:  Categorized  Dioxin  Analysis 

The  percentages  of  diabetes  for  Ranch  Hands  in  the  high  dioxin  category  and  in  the  low  plus  high  dioxin 
category  were  significantly  greater  than  for  Comparisons.  Ranch  Hands  in  the  background  dioxin 
category  had  fewer  participants  taking  oral  hypoglycemics  than  did  Comparisons.  Ranch  Hands  in  the 
low  dioxin  category  used  insulin  for  the  treatment  of  diabetes  more  often  than  Comparisons.  The 
percentages  of  Ranch  Hands  in  the  high  dioxin  category  and  Ranch  Hands  in  the  low  plus  high  dioxin 
category  requiring  insulin  also  were  significantly  greater  than  Comparisons. 

The  time  to  diabetes  onset  was  significantly  longer  for  Ranch  Hands  in  the  background  dioxin  category 
than  for  Comparisons.  Relative  to  Comparisons,  a  marginally  significant  decrease  in  the  time  to  diabetes 
onset  was  seen  for  Ranch  Hands  in  the  high  dioxin  category  and  Ranch  Hands  in  the  low  plus  high  dioxin 
category. 

Analysis  of  laboratory  measures  of  diabetes  revealed  a  significantly  higher  mean  a-l-C  hemoglobin  level 
for  Ranch  Hands  in  the  high  dioxin  category  than  for  Comparisons.  A  greater  percentage  of  high  a-l-C 
hemoglobin  values  was  seen  for  Ranch  Hands  in  the  high  dioxin  category  than  for  Comparisons. 

The  results  of  all  unadjusted  and  adjusted  Model  3  analyses  are  summarized  in  Table  16-46. 
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Table  16-46.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Endocrine  Variables  (Ranch 
Hands  vs.  Comparisons) 

'  .  'UNADJUSTED 

Background  J 

High 

Lowplus  High 

Ranch  Hands 

Ranch  Hands 

Ranch  Hands 

Ranch  Hands 

vs.  Comparisons 

vs.  Comparisons 

vs:  Comparisons 

vs..  Comparisons 

Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

ns 

ns 

ns 

Composite  Diabetes  Indicator  (D) 

-0.041 

NS 

NS 

NS* 

Diabetic  Severity  (D): 

No  Treatment  vs.  None 

ns 

NS 

NS 

NS 

Diet  Only  vs.  None 

NS 

NS 

NS 

NS 

Oral  Hypoglycemics  vs.  None 

-0.006 

ns 

NS 

NS 

Requiring  Insulin  vs.  None 

NS 

+0.042 

+0.046 

+0.013 

Time  to  Diabetes  Onset  (C)  a 

+0.013 

ns 

ns 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

ns 

ns 

Testicular  Exam  (D) 

ns 

NS* 

NS 

NS 

Laboratory 

TSH  (C) 

NS 

NS 

NS 

NS 

TSH  (D): 

Low  vs.  Normal 

NS 

ns 

NS 

ns 

High  vs.  Normal 

NS 

ns 

NS 

NS 

Thyroxine  (C)  a 

ns 

NS 

NS* 

NS* 

Thyroxine  (D) 

NS 

ns 

NS 

ns 

Anti-Thyroid  Antibodies  (D) 

NS 

ns 

ns 

ns 

Fasting  Glucose  (C) 

ns 

ns 

NS 

NS 

Fasting  Glucose  (D) 

ns 

NS 

NS* 

NS 

2-Hour  Postprandial  Glucose  (C) 

NS 

NS 

ns 

NS 

2-Hour  Postprandial  Glucose  (D) 

ns 

NS 

NS 

NS 

Fasting  Urinary  Glucose  (D) 

ns 

ns 

NS 

NS 

2-Hour  Postprandial  Urinary  Glucose  (D) 

NS 

+0.050 

NS 

NS 

Serum  Insulin  (C) 

ns 

NS 

NS 

+0.046 

Serum  Insulin  (D): 

Low  vs.  Normal 

ns 

ns 

ns* 

ns 

High  vs.  Normal 

ns 

NS 

ns 

NS 

cc-l-C  Hemoglobin  (C) 

ns 

ns 

+0.005 

NS 

oc-l-C  Hemoglobin  (D) 

ns 

ns 

+0.006 

NS 

Total  Testosterone  (C) a 

NS 

ns 

NS 

ns 

Total  Testosterone  (D) 

NS 

NS 

NS 

NS 

Free  Testosterone  (C) a 

ns 

-0.022 

+0.006 

NS 

Free  Testosterone  (D) 

ns 

NS 

ns 

ns 

Estradiol  (C) 

ns 

ns 

NS 

ns 

Estradiol  (D) 

ns 

ns 

NS 

ns 

LH  (C) 

NS 

ns 

ns 

ns 

LH  (D) 

NS 

ns 

ns 

ns 

FSH  (C) 

NS 

NS 

ns 

ns 

FSH  (D) 

NS 

NS 

ns 

Ns 
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Table  16-46.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 

— :  Relative  risk  <1.00. 

a  Negative  difference  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 


A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


ADJUSTED 


1 1 %  jf |  ffgl! |U  f; Variable $ |jj  f J 

gf  -Background  p ' 

:  vs.  Comparispns 

;i:  Lowiji  1  :§lj 

Ranch  Hands 
|  vs.  Comparisons 

High 

Ranch  Hands  ||| 
vs.  Comparisons 

Low  plus  High  | 
'  Ranch  Hands 
vs.  Comparisons 

Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

ns 

NS 

ns 

Composite  Diabetes  Indicator  (D) 

ns* 

NS 

+0.048 

+0.049 

Diabetic  Severity  (D): 

No  Treatment  vs.  None 

ns 

ns 

NS  * 

NS 

Diet  Only  vs.  None 

NS 

NS 

NS* 

NS 

Oral  Hypoglycemics  vs.  None 

-0.008 

ns 

NS 

NS 

Requiring  Insulin  vs.  None 

NS 

+0.050 

+0.009 

+0.004 

Time  to  Diabetes  Onset  (C) a 

+0.021 

ns 

ns* 

ns* 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

ns 

ns 

Testicular  Exam  (D) 

ns 

NS 

NS 

NS 

Laboratory 

TSH(C) 

NS 

NS 

NS 

NS 

TSH  (D): 

Low  vs.  Normal 

NS 

ns 

NS 

ns 

High  vs.  Normal 

NS 

ns 

NS 

NS 

Thyroxine  (C) a 

NS 

NS 

NS 

NS 

Thyroxine  (D) 

NS 

ns 

NS 

ns 

Anti-Thyroid  Antibodies  (D) 

NS 

ns 

NS 

ns 

Fasting  Glucose  (C) 

ns 

ns 

NS 

NS 

Fasting  Glucose  (D) 

ns 

NS 

NS* 

NS 

2-Hour  Postprandial  Glucose  (C) 

NS 

NS 

ns 

NS 

2-Hour  Postprandial  Glucose  (D) 

ns 

NS 

NS 

NS 

Fasting  Urinary  Glucose  (D) 

ns 

ns 

NS 

NS 

2-Hour  Postprandial  Urinary  Glucose 

NS* 

NS* 

ns 

NS 

(D) 

Serum  Insulin  (C) 

ns 

NS 

NS 

NS 

Serum  Insulin  (D): 

Low  vs.  Normal 

ns 

ns 

ns* 

ns* 

High  vs.  Normal 

ns 

NS 

ns 

ns 

a-l-C  Hemoglobin  (C) 

ns 

ns 

+0.022 

NS 

a-l-C  Hemoglobin  (D) 

ns 

ns 

+0.008 

NS 

Total  Testosterone  (C) a 

NS 

ns 

ns 

ns 

Total  Testosterone  (D) 

ns 

ns 

NS* 

NS 
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Table  16-46.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 

i'(  Background 

Low 

|fl  JEBghllH 

Low  plus  High 

/  Ranch  Hands 

Ranch  Hands 

i  r Ranch  Hands  ) 

Ranch  Hands 

Variable 

vs.  Comparisons 

vs.  Comparisons 

lafif  Comparisons  jj 

vs.  Comparisons  j 

Free  Testosterone  (C) a 

NS 

ns 

NS 

ns 

Free  Testosterone  (D) 

ns 

NS 

ns 

ns 

Estradiol  (C) 

ns 

ns 

NS 

ns 

Estradiol  (D) 

ns 

ns 

NS 

ns 

LH  (C) 

NS 

ns 

ns 

ns 

LH  (D) 

NS 

ns 

ns 

ns 

FSH  (C) 

NS 

NS 

ns 

NS 

FSH  (D) 

NS 

ns 

NS 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0. 10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  difference  of  means  nonnegative  for  continuous  analysis. 
Relative  risk  <1.00. 

a  Negative  difference  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


16.4.4  Model  4:  1987  Dioxin  Level  Analysis 

As  1987  dioxin  levels  increased,  the  prevalence  of  diabetes  increased.  In  addition,  the  use  of  diet  and  oral 
hypoglycemics  to  treat  diabetes  increased  as  1987  dioxin  levels  increased.  Marginally  significant 
increases  with  1987  dioxin  also  were  seen  for  Ranch  Hands  using  no  treatment  and  Ranch  Hands  who 
required  insulin  to  treat  diabetes.  The  time  to  diabetes  onset  was  significantly  shorter  for  Ranch  Hands 
with  higher  1987  dioxin  levels. 

Analyses  of  laboratory  examination  variables  revealed  significant  positive  associations  between  1987 
dioxin  and  both  the  continuous  and  discrete  forms  of  fasting  glucose  and  oc-l-C  hemoglobin.  The 
presence  of  fasting  urinary  glucose  also  increased  with  1987  dioxin.  The  results  of  all  unadjusted  and 
adjusted  Model  4  analyses  are  summarized  in  Table  16-47. 


Table  16-47.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Endocrine  Variables  (Ranch 
Hands  Only) 


Medical  Records 


Past  Thyroid  Disease  (D) 

NS 

NS 

Composite  Diabetes  Indicator  (D) 

+<0.001 

+<0.001 

Diabetic  Severity  (D): 

No  Treatment  vs.  None 

+0.010 

NS* 

Diet  Only  vs.  None 

NS 

+0.048 
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Table  16-47.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Endocrine  Variables  (Ranch 
Hands  Only)  (Continued) 


Variable 

;|v  Unadjusted 

^ I;  M  vr 

§l§j§  Adjusted; 

Oral  Hypoglycemics  vs.  None 

+<0.001 

+<0.001 

Requiring  Insulin  vs.  None 

NS 

NS* 

Time  to  Diabetes  Onset  (C) a 

-<0.001 

-<0.001 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

NS 

Testicular  Exam  (D) 

NS 

NS 

Laboratory 

TSH(C) 

ns 

NS 

TSH  (D): 

Low  vs.  Normal 

ns 

NS 

High  vs.  Normal 

ns 

ns 

Thyroxine  (C) a 

+0.009 

ns 

Thyroxine  (D) 

ns 

NS 

Anti-Thyroid  Antibodies  (D) 

ns 

ns 

Fasting  Glucose  (C) 

+<0.001 

+0.002 

Fasting  Glucose  (D) 

+<0.001 

+0.003 

2-Hour  Postprandial  Glucose  (C) 

NS 

NS 

2-Hour  Postprandial  Glucose  (D) 

NS 

NS 

Fasting  Urinary  Glucose  (D) 

+0.004 

+0.006 

2-Hour  Postprandial  Urinary  Glucose  (D) 

ns 

ns 

Serum  Insulin  (C) 

+<0.001 

NS 

Serum  Insulin  (D): 

Low  vs.  Normal 

-0.050 

ns 

High  vs.  Normal 

+0.008 

NS 

cc-l-C  Hemoglobin  (C) 

+<0.001 

+<0.001 

cc-l-C  Hemoglobin  (D) 

+<0.001 

+<0.001 

Total  Testosterone  (C) a 

-0.003 

ns 

Total  Testosterone  (D) 

+0.013 

NS 

Free  Testosterone  (C) a 

ns 

ns* 

Free  Testosterone  (D) 

ns 

ns 

Estradiol  (C) 

NS 

NS 

Estradiol  (D) 

NS 

ns 

LH  (C) 

-0.042 

ns 

LH  (D) 

ns* 

ns 

FSH  (C) 

ns 

ns 

FSH  (D) 

ns 

NS 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 

-:  Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 
a  Negative  slope  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  a  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


16.5  CONCLUSION 

The  assessment  of  the  endocrine  system  included  an  extensive  evaluation  of  thyroid,  pancreatic,  and 
gonadal  function  and  their  relation  to  dioxin  exposure.  A  significantly  greater  percentage  of  abnormally 
high  TSH  values  was  found  in  Ranch  Hand  enlisted  groundcrew. 

A  positive  association  between  diabetes  and  initial  and  1987  dioxin  was  observed.  Consistent  with 
previous  reports,  the  prevalence  of  diabetes  for  Ranch  Hands  with  high  dioxin  levels  was  significantly 
greater  than  for  Comparisons.  A  greater  percentage  of  Ranch  Hands  than  Comparisons  used  insulin  to 
control  their  type  2  diabetes,  primarily  officers  and  enlisted  groundcrew.  The  percentage  of  Ranch  Hands 
requiring  insulin  to  control  their  type  2  diabetes  increased  with  initial  dioxin.  A  greater  percentage  of 
Ranch  Hands  in  the  high  dioxin  category  required  insulin  to  control  their  type  2  diabetes  than  did 
Comparisons.  The  percentage  of  participants  who  treated  their  diabetes  through  diet  only  and  the 
percentage  of  participants  who  used  oral  hypoglycemics  increased  with  1987  dioxin  level. 

The  time  to  diabetes  onset  was  significantly  shorter  for  Ranch  Hands  with  higher  initial  and  1987  dioxin 
levels.  Both  fasting  glucose  and  oc-l-C  hemoglobin  increased  in  Ranch  Hands  as  initial  dioxin  and  1987 
dioxin  increased.  Increased  cx-l-C  hemoglobin  levels  also  were  observed  for  Ranch  Hands  with  high 
dioxin  levels.  The  presence  of  fasting  urinary  glucose  also  increased  with  1987  dioxin. 

In  summary,  current  data  reveal  no  relation  between  gonadal  disorders  and  thyroid  function  and  herbicide 
or  dioxin  exposure;  however,  current  and  past  results  indicate  a  consistent  and  potentially  meaningful 
adverse  relation  between  serum  dioxin  levels  and  diabetes.  A  significant  dose-response  relation  was 
found,  with  Ranch  Hands  in  the  high  dioxin  category  exhibiting  an  increase  in  disease  prevalence 
(relative  risk=1.47,  95%  confidence  interval:  [1.00,  2.17]).  A  dioxin-related  increase  in  disease  severity, 
a  decrease  in  the  time  from  exposure  to  first  diagnosis,  and  an  increase  in  fasting  glucose  and  a-l-C 
hemoglobin  support  this  finding.  Similar  patterns  were  observed  in  1992  and  1987. 
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17  IMMUNOLOGIC  ASSESSMENT 


17.1  INTRODUCTION 

17.1.1  Background 

Of  the  many  chemical  compounds  known  to  cause  immune  system  dysfunction  in  laboratory  animals,  the 
polyhalogenated  aromatic  hydrocarbons  have  been  the  most  extensively  studied  and,  among  these, 
2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin)  has  proven  to  be  the  most  toxic.  Since  the  early  1970s,  when 
dioxin  was  shown  to  cause  marked  involution  of  the  thymus  gland  in  experimental  animals  (1-4),  the 
extensive  body  of  literature  pertinent  to  dioxin-induced  immunotoxicity  has  been  summarized  in  several 
review  articles  (5-10). 

In  laboratory  animals,  dioxin  has  proven  to  have  a  wide  range  of  toxic  effects  on  all  components  of  the 
immune  system,  including  direct  thymotoxic  effects,  particularly  on  the  epithelial  cells  (8,  11-14), 
compromised  cell  mediated  (1,  13,  15-18)  and  humoral  (1,  17,  19-22)  immune  function,  impaired  myelo- 
(23,  24)  and  lymphoproliferative  (13,  25-27)  responses,  and  suppressed  complement  activity  (28-31). 

The  crucial  role  of  the  immune  system  in  resistance  to  infection  has  been  well  established,  and  numerous 
animal  studies  have  demonstrated  that  exposure  to  dioxin  increases  host  susceptibility  to  a  broad  range  of 
bacterial  (19,  23,  29,  32,  33),  parasitic  (34),  and  viral  (35,  36)  infectious  agents. 

The  role  of  the  aryl  hydrocarbon  (Ah)  receptor  as  a  mediator  in  dioxin  toxicity  has  been  long  recognized 
(37,  38)  and  summarized  in  numerous  reviews  (6,  39, 40).  Much  of  the  basic  research  in  laboratory 
animals  has  focused  on  the  role  of  the  Ah  receptor  in  some  but  not  all  manifestations  of  dioxin-induced 
immunotoxicity,  including  suppressed  humoral  (20,  22, 41-46)  and  cellular  (47,  48)  responses  and 
impaired  complement  activity  (49).  Other  studies  have  demonstrated  that  dioxin  exposure  can  cause 
immune  system  responses  independent  of  the  Ah  receptor  (42, 43,  45,  50-52).  Although  the  Ah  receptor 
has  been  identified  in  several  human  tissues  (see  references  43,  51-53,  and  55  in  Chapter  9,  General 
Health  Assessment),  the  relevance  of  these  observations  to  dioxin  toxicity  in  humans  remains  unknown. 

In  an  attempt  to  provide  data  more  relevant  to  humans,  two  laboratories  have  conducted  experiments  of 
the  effects  of  dioxin  on  peripheral  lymphocyte  subpopulations  in  marmoset  (52-56)  and  rhesus  (57) 
monkeys.  These  studies  were  carried  out  in  vitro,  employing  lymphocyte  cell  cultures,  and  in  vivo,  with 
single-dose  injections  of  dioxin  in  various  concentrations.  In  these  experiments,  the  ratios  of  selected 
lymphocyte  subsets  varied  inconsistently  in  response  to  the  dose  (high  versus  low)  and  duration  (acute 
versus  chronic)  of  exposure.  In  none  of  the  in  vivo  studies  did  the  animals  demonstrate  any  overt  illness. 

The  demonstration  that  human  tonsils  contain  the  Ah  receptor  (58)  and  the  development  of  a  tonsillar 
lymphocyte  culture  model  have  established  a  scientifically  valid  basis  for  comparison  of  the  effects  of 
dioxin  on  experimental  animals  and  humans  at  the  cellular  level.  In  published  results  from  two  series  of 
experiments,  dioxin  had  identical  effects  on  both  human  and  murine  B  lymphocytes  with  dose-dependent 
suppression  of  cellular  proliferation  and  a  significant  reduction  in  the  secretion  of  immunoglobulins  IgM 
and  IgG  (59,  60).  Although  the  mechanism  is  not  known,  these  experiments  provide  strong  evidence  that 
the  human  lymphocyte  is  sensitive  to  dioxin.  These  results  are  consistent  with  those  reported  from 
another  laboratory  investigating  the  effect  of  dioxin  on  human  lymphocytes  isolated  from  peripheral 
blood  (61).  As  noted  below,  these  experimental  models  have  been  applied  recently  to  human  populations 
exposed  to  dioxin  (62, 63). 
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Immune  system  indices  have  been  included  in  epidemiological  studies  of  populations  exposed  to  dioxin 
consequent  to  industrial  accidents  (64-72),  by  occupation  (62, 63,  73-75),  by  environmental 
contamination  (76-81),  and  during  military  service  in  Vietnam  (82-86).  Industrial  accidents  have 
resulted  in  the  most  severe  human  exposure  to  dioxin  on  record.  In  three  reports  published  shortly  after 
the  1976  chemical  explosion  in  Seveso,  Italy,  no  immune  system  abnormalities  were  found  in  exposed 
children  (64,  65)  or  cleanup  workers  (66).  In  contrast,  other  investigators  documented  abnormal  immune 
indices  in  children  with  chloracne  (67,  68)  that  resolved  over  time  and  were  not  associated  with  any 
clinical  immune  deficiency  illness  (69,  70).  Similarly,  the  immunologic  testing  abnormalities  noted  in  a 
cohort  of  chemical  workers  exposed  to  dioxin  in  an  industrial  accident  in  England  in  1968  were  not 
associated  with  any  clinical  illness  (71,  72). 

Most  of  the  recently  published  epidemiological  studies  have  reported  on  the  results  of  clinical 
examinations  of  workers  who  experienced  significant  occupational  exposure  to  dioxin  during 
employment  at  chemical  factories  in  Germany  (62,  63,  73-75).  These  studies,  which  incorporated 
immune  system  parameters  in  the  examination  protocols,  are  strengthened  by  the  inclusion  of  serum 
dioxin  data  in  the  analyses.  None  of  these  studies  showed  any  evidence  in  those  exposed  for  clinical 
illness  associated  with  immune  system  disorders  nor,  in  relation  to  the  body  burden  of  dioxin,  any 
statistically  significant  abnormalities  in  the  laboratory  indices. 

Resident  populations  in  the  Times  Beach,  Missouri,  area  have  been  the  subject  of  several  studies  yielding 
conflicting  results,  some  of  which  can  be  attributed  to  methodological  limitations.  In  two  early  reports, 
abnormalities  were  documented  in  several  indices  of  immune  function,  including  impaired  delayed 
sensitivity  by  skin  testing  and  nonsignificant  variations  in  several  peripheral  lymphocyte  subsets  and 
ratios  (76-78).  In  subsequent  follow-up  examinations  of  the  same  subjects,  there  were  no  significant 
differences  between  the  exposed  and  control  cohorts  (79,  80). 

A  subsequent  report  of  the  subject  Missouri  population  included  serum  dioxin  levels  that  ranged  from  less 
than  20  parts  per  trillion  (ppt)  to  750  ppt.  In  this  study,  a  correlation  was  noted  between  serum  dioxin  and 
an  increasing  percentage  of  CD8+  (suppressor  T  cells)  and  Tn+  subsets  of  T  lymphocytes,  as  well  as 
statistically  nonsignificant  increases  in  serum  IgA  and  complement  components  C3  and  C4  (81).  As  in 
the  other  Missouri  studies,  there  was  no  evidence  for  clinical  illness  in  the  exposed  cohort  relative  to 
controls. 

Finally,  in  the  1987  and  1992  examinations  of  the  Air  Force  Health  Study  (AFHS),  multiple  immunologic 
indices  have  been  examined  in  relation  to  serum  dioxin  levels  (85,  86).  In  the  1987  examination  and,  to  a 
lesser  degree,  in  the  1992  examination,  serum  IgA  immunoglobulin  levels  were  significantly  higher  in  the 
Ranch  Hand  cohort  than  controls  in  a  pattern  consistent  with  a  dose-response  effect.  Although  of 
uncertain  significance,  this  finding  is  of  interest  as  one  that  has  been  noted  in  two  other  epidemiological 
studies  cited  above  (74,  81)  and,  separately,  a  report  of  a  laboratory  animal  study  (87)  that  documented  a 
selective  increase  in  the  IgA  globulin  fraction  after  a  single  injection  of  dioxin.  There  have  been  no  other 
significant  immune  system  differences  between  the  Ranch  Hands  and  Comparisons  across  the  baseline, 
1985,  1987,  and  1992  examinations. 

17.1.2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
17.1.2.1  1 982  Baseline  Study  Summary  Results 

Immunologic  function  and  phenotypic  marker  studies  were  performed  on  592  participants  (297  Ranch 
Hands,  295  Comparisons)  randomly  selected  by  the  terminal  digit  of  their  case  number.  Because  of 
laboratory  problems  (e.g.,  fluctuating  quality  control  and  lack  of  simultaneous  differential  counts  on  the 
peripheral  mononuclear  cells),  data  could  be  analyzed  on  a  group  basis  only. 
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Analyses  of  the  cell  surface  markers  (CD2+  or  Tn  [T  cells],  CD3+  or  T3  [T  cells],  CD4+  or  T4  [helper  T 
cells],  CD8+  or  Tg  [suppressor  T  cells],  CD20+  [B  cells],  the  CD4— CD8  or  T4-T8  ratio)  and  the  total 
lymphocyte  count  (TLC)  showed  no  significant  group  differences.  Smoking  was  significantly  associated 
with  increases  in  most  cell  counts,  but  not  with  the  CD4-CD8  ratio  and  CD20+  cells,  whereas  increasing 
age  was  significantly  associated  with  decreasing  TLC  and  CD8+  cells. 

Functional  studies  of  T  and  B  cells  via  reaction  to  antigenic  (tetanus  toxoid)  or  mitogen 
(phytohemagglutinin  [PHA],  concanavalin  A,  and  pokeweed)  stimulation  showed  no  group  differences. 
Similarly,  unadjusted  and  adjusted  mean  values  of  the  four  assays  were  not  significantly  different 
between  groups. 

In  summary,  neither  immunologic  function  nor  cell  marker  studies  showed  significant  impairment  in  the 
Ranch  Hand  group,  nor  did  they  show  patterns  supportive  of  an  herbicide  effect.  Smoking  was  associated 
with  a  significant  increase  in  the  marker  cells  CD2+  (T  cells),  CD3+  (T  cells),  CD4+  (helper  T  cells),  and 
CD8-f  (suppressor  T  cells),  and  in  the  TLC,  with  a  concomitant  increase  in  lymphocytic  response  to 
pokeweed  mitogen  (PWM). 

1 7. 1.2.2  1985  Follow-up  Summary  Results 

The  1985  AFHS  physical  examination  placed  more  emphasis  on  the  immunologic  assessment  than  did  the 
1982  baseline  examination  profile.  Immunologic  competence  was  measured  by  cell  surface  marker 
(phenotypic)  studies  and  cell  stimulation  studies  on  47  percent  of  the  study  population,  and  by  a  series  of 
four  skin  test  antigens  in  76  percent  of  the  participants  to  assess  the  delayed  hypersensitivity  response. 

Surface  marker  studies  were  conducted  for  CD2+  cells  (T  cells),  CD4+  cells  (T  cells),  CD8+  cells 
(suppressor  T  cells),  CD20+  (B  cells),  CD14+  cells  (monocytes),  and  HLA-DR  cells.  The  ratio  of  CD4  to 
CD8  cells  also  was  included  in  the  analysis.  Because  of  inherent  significant  day-to-day  and  batch-to- 
batch  variation,  all  results  (including  functional  stimulation  studies)  were  adjusted  for  blood-draw  day. 
Statistical  testing  of  the  seven  phenotypic  cell  markers  did  not  reveal  any  significant  group  differences, 
either  unadjusted  or  adjusted,  for  the  covariates  of  age,  race,  occupation,  current  smoking,  lifetime 
smoking  history,  current  alcohol  use,  or  lifetime  alcohol  use.  Similarly,  none  of  the  unadjusted  or 
adjusted  analyses  of  the  functional  stimulation  studies  (for  PHA,  PWM,  or  mixed  lymphocyte  culture 
[MLC])  showed  any  statistically  significant  group  differences.  Overall,  no  pattern  was  identified  to 
suggest  an  adverse  health  effect  in  any  subgroup  of  either  the  Ranch  Hands  or  Comparisons. 

The  effects  of  age,  race,  smoking,  and  alcohol  use  affected  most  variables  in  the  phenotypic  and 
stimulation  studies.  Consistently  decreasing  values  of  all  cell  markers  and  stimulated  cells  were 
associated  with  increasing  age,  whereas  increased  levels  of  smoking  usually  were  associated  with 
increases  in  the  values  of  those  variables.  Blacks  had  consistently  higher  stimulated  cell  counts  than  non- 
Blacks,  but  this  effect  was  not  observed  for  counts  of  T  cells,  B  cells,  or  HLA-DR  cells.  Enlisted 
personnel  generally  had  higher  cell  surface  marker  counts  than  officers. 

The  delayed  hypersensitivity  response  was  assessed  by  the  skin  test  antigens  of  mumps,  Candida 
albicans ,  Trichophyton,  and  staph-phage  lysate.  The  48-hour  measurements  of  skin  induration  and 
erythema  for  the  four  tests  showed  marked  inter-reader  variation.  Consequently,  all  skin  test  data  were 
declared  invalid  and  were  not  used  in  the  assessment  of  group  differences.  The  skin  test  reading  problems 
led  to  the  use  of  additional  clinical  quality  control  procedures  for  the  1987  follow-up  examination. 

In  conclusion,  no  significant  group  differences  were  found  for  the  comprehensive  cell  surface  marker  or 
functional  stimulation  studies.  The  effects  of  age,  smoking,  and  alcohol  use  were  observed  in  these 
immunologic  tests. 
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17.1.2.3  1987  Follow-up  Study  Summary  Results 

For  the  assessment  of  the  1987  immunologic  examination  data,  results  from  a  composite  skin  reaction  test 
were  evaluated.  Various  laboratory  examination  measurements  from  cell  surface  marker  studies,  three 
groups  of  functional  stimulation  tests,  and  quantitative  immunoglobulins  also  were  analyzed.  Ranch 
Hands  had  a  higher  frequency  of  individuals  with  possibly  abnormal  reactions  on  skin  testing  than 
Comparisons.  The  unadjusted  analyses  of  the  laboratory  examination  data  indicated  no  significant  group 
difference  between  Ranch  Hands  and  Comparisons.  For  the  adjusted  analyses  of  the  natural  killer  assay 
measurements  with  and  without  Interleukin  2  (IL-2),  significant  interactions  between  group  and  race  were 
present.  The  clinical  meaning  of  these  findings  was  not  apparent  and  did  not  point  to  any  known  clinical 
endpoints. 

1 7. 1.2.4  Serum  Dioxin  Analysis  of  1987  Follow-up  Study  Summary  Results 

In  general,  the  composite  skin  test  diagnosis  results  were  not  associated  with  serum  dioxin  levels.  The 
Ranch  Hand  analyses  using  initial  dioxin  and  the  analyses  using  current  dioxin  and  time  since  duty  in 
Southeast  Asia  (SEA)  generally  displayed  nonsignificant  decreased  risks.  For  the  analyses  contrasting 
Ranch  Hands  with  unknown,  low,  and  high  current  dioxin  to  Comparisons  with  background  current 
dioxin  levels,  the  risks  were  increased  but  nonsignificant. 

For  the  most  part,  the  cell  surface  marker  variables  and  TLC  did  not  display  significant  associations  with 
serum  dioxin.  The  longitudinal  analyses  of  the  CD4-CD8  ratio  did  not  consistently  show  significant 
differences  in  the  1987  ratio  relative  to  the  1985  measurement  of  the  ratio. 

For  the  analyses  of  PHA  net  responses,  significant  or  marginally  significant  positive  associations  with 
initial  dioxin  were  found.  For  the  analyses  involving  current  dioxin  and  time  since  duty  in  SEA,  the 
maximum  PHA  net  response  also  displayed  some  significant  or  marginally  significant  positive 
associations.  Depressed  immune  function  would  be  expected  to  demonstrate  lower  PHA  net  response. 

For  unstimulated  MLC  and  MLC  net  response,  the  three  statistical  analysis  approaches  generally 
displayed  nonsignificant  associations  with  serum  dioxin.  For  the  analysis  involving  Ranch  Hands  in  the 
high  current  dioxin  category  and  Comparisons  in  the  background  current  dioxin  category.  Ranch  Hands 
had  a  significantly  higher  unstimulated  MLC  mean.  The  analyses  of  the  natural  killer  cell  variables 
generally  were  nonsignificant. 

Significant  positive  associations  generally  were  found  between  IgA  and  initial  dioxin.  The  analyses  for 
IgA,  IgG,  and  IgM  using  current  dioxin  and  time  since  duty  in  SEA  were,  for  the  most  part, 
nonsignificant.  For  the  three  immunoglobulins,  the  overall  contrasts  of  Ranch  Hands  in  the  unknown, 
low,  and  high  current  dioxin  categories  versus  Comparisons  in  the  background  current  dioxin  category 
generally  were  significant  or  marginally  significant.  For  IgA  and  IgG,  the  contrasts  of  Ranch  Hands  in 
the  unknown  current  dioxin  category  versus  Comparisons  in  the  background  current  dioxin  category  were 
significant  with  Ranch  Hands  having  lower  immunoglobulin  averages.  For  IgM,  the  contrasts  of  Ranch 
Hands  in  the  low  current  dioxin  category  versus  Comparisons  in  the  background  current  dioxin  category 
were  marginally  significant  with  Ranch  Hands  again  having  lower  averages.  Ranch  Hands  in  the  high 
dioxin  category  were  not  significantly  different  from  Comparisons. 

The  indices  of  immune  responses  analyzed  in  the  1987  examination  provided  a  comprehensive  reflection 
of  in  vivo  and  in  vitro  immune  function  in  the  study  population.  No  clinically  meaningful  indicators 
reflecting  a  relation  between  the  current  body  burden  of  dioxin  or  the  extrapolated  initial  exposure  and 
immune  function  were  found.  Increased  IgA  levels  may  have  represented  a  chronic  inflammatory 
response  to  dioxin  exposure.  Elevated  erythrocyte  sedimentation  rates  (as  discussed  in  the  general  health 
assessment)  and  increased  white  blood  cell  and  platelet  counts  (as  discussed  in  the  hematologic 
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assessment)  were  other  examples  of  indicators  that  may  have  represented  a  chronic  inflammatory 
response  to  dioxin  exposure. 

1 7. 1.2.5  1992  Follow-up  Study  Summary  Results 

In  general,  the  composite  skin  test  diagnosis  results  did  not  differ  significantly  between  Ranch  Hands  and 
Comparisons  and  were  not  positively  associated  with  initial  or  current  dioxin  levels.  For  the  most  part, 
the  cell  surface  marker  variables  and  total  lymphocyte  count  did  not  display  significant  associations  with 
serum  dioxin.  The  longitudinal  analyses  of  the  CD4-CD8  ratio  did  not  consistently  show  significant 
differences  between  the  1992  ratio  relative  to  the  1985  measurement  of  the  ratio. 

Marginally  significant  positive  associations  were  found  between  IgA  and  initial  dioxin.  A  negative 
association  would  be  expected  in  immunologic  deficiency,  but  the  increased  IgA  levels  could  represent  a 
chronic  inflammatory  response  to  dioxin  exposure  and  thus  suggested  long-term  evaluation. 

The  prevalence  of  some  lupus  panel  antibodies,  such  as  the  MSK  smooth  muscle  antibody  and  the 
rheumatoid  factor,  decreased  as  dioxin  exposure  increased.  This  finding  was  inconsistent  with  a  harmful 
effect  from  dioxin.  The  presence  of  lupus  panel  antibodies  generally  was  considered  abnormal.  A 
smaller  prevalence  of  the  lupus  panel  antibodies  was  found  in  this  study  than  would  be  expected  in  the 
general  population.  The  presence  of  a  smaller  prevalence  of  abnormalities  than  expected  also  may  have 
been  regarded  as  an  abnormal  finding,  suggesting  a  possible  early  immune  alteration. 

17.1.3  Parameters  for  the  1 997  Immunologic  Assessment 
17.1.3.1  Dependent  Variables 

Table  17-1  presents  the  immunologic  parameters  evaluated  and  describes  their  medical  importance.  The 
absolute  lymphocyte  and  immunoglobulin  studies  and  lupus  panel  tests  were  examined  for  all 
participants,  whereas  the  cell  surface  marker  studies  were  carried  out  on  a  random  sample  of 
approximately  40  percent  of  the  participants  because  of  the  complexity  of  the  assay  and  the  expense  of 
the  tests. 
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Table  17-1.  Medical  Significance  of  the  Immunologic  Data 

Immunologic 

_ Measure  Rationale  of  the  Measurement  Disease/Syndrome/Condition  Endpoint 

Cell  Surface  Marker  Studies 

CD3+  Pan-T  cell  marker  (similar  to  CD2  in  Decrease  in  absolute  number  of  T  cells 

previous  AFHS  examinations).  Measures  indicates  immunodeficiency.  May  occur 
all  mature  T  cells  (includes  CD4,  CD8,  because  of  direct  effects  of  malignancy 
etc.).  Generally  70%  or  more  of  peripheral  (e.g.,  lymphoma),  acquired  immune 
blood  lymphocytes  are  CD3  positive.  deficiency  syndrome  (AIDS),  or 

chemotherapy.  Increase  may  occur  in 
lymphoproliferative  disorders  or  in  some 
infections. 

CD4+  Measures  T  cells  that  exhibit  Markedly  decreased  in  people  with  AIDS 

helper/inducer  phenotype.  CD4  cells  because  of  human  immunodeficiency  virus 

initiate  an  immune  response  to  processed  (HIV)  infection  of  CD4+  cells;  increased  in 

antigens.  autoimmune  diseases. 

CD8+  Measures  T  cells  that  exhibit  suppressor  Variable  in  autoimmune  diseases; 

and  cytotoxic  functions.  Responsible  for  increased  in  some  viral  illnesses  and 
appropriate  down  regulation  of  an  immune  immunodeficiencies, 
response  after  antigen  has  been  cleared. 

CD20+  (Bl)  Measures  peripheral  blood  B  cells;  no  Decreased  result  in  humoral  immune 

reaction  with  T  cells,  granulocytes,  or  deficiency  with  impaired  production  of 

monocytes.  antibodies;  increased  in 

lymphoproliferative  disorders. 

Double  Labeled  Cells  (cells  that  express  both  markers) 

CD3+CD4+  Helper  T  cells  and  excludes  monocytes  but  Same  as  CD4. 

more  specific  than  CD4. 

CD  16+56+  (CD3-)  Normally  these  markers  do  not  occur  on  NK  cells  are  thought  to  attack  neoplasms 

the  same  cells.  Measures  natural  killer  and  naturally  prevent  growth  of  cancers. 
(NK)  cells  that  can  lyse  foreign  cells 
independent  of  antibody  or  prior  contact 
with  the  target.  CD  16  is  an  IgG  receptor 
that  appears  on  NK  cells  and  neutrophils; 

CD56  is  more  restricted  to  NK  cells;  joint 
use  of  CD  16  and  CD56  enhances 
enumeration  of  NK  cells. 


Absolute  Lymphocytes 


Measures  absolute  number  of  total 
lymphocytes  circulating  in  peripheral 
blood.  Major  immune  mechanism  against 
fungi  and  viruses. 


Decreased  in  immunodeficiency;  increased 
in  lymphoproliferative  disorders. 
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Table  17-1.  Medical  Significance  of  the  Immunologic  Data  (Continued) 


Measure 

Rationale  of  the  Measurement 

Disease/Syndrome/Condition  Endpoint 

Immunoglobulins 

IgG 

IgA 

IgM 

Each  measures  ability  of  specific  B  cell 
subgroup  to  secrete  specific  antibody  class 
of  molecules.  Antibodies  normally  rise  in 
response  to  infections  or  immunizations 
with  bacteria,  fungi,  and  viruses.  Major 
immune  mechanism  against  bacteria. 

Increased  in  hyperglobulinemia  or 
myeloma  (monoclonal).  Decreased  in 
selective  or  total  B  cell  immunodeficiency. 
Polyclonal  increases  in  chronic 
inflammation  and  liver  disease  (cirrhosis). 

Lupus  Panel 

The  test  composition  of  this  profile  was  chosen  to  include  the  most  frequently 
encountered  autoantibodies.  Presence  of  autoantibodies  may  indicate  specific 
autoimmune  diseases,  especially  if  multiple  autoantibodies  are  present.  The  individually 
named  autoantibodies  (excluding  ANA  and  B  cell  clones)  are  associated  with  specific 
diseases.  Any  of  these  tests  may  also  turn  positive  as  a  participant’s  immune  system  ages 
or  otherwise  is  dysregulated. 

Antinuclear 
Antibody  (ANA) 
Test 

Screening  assay  (performed  with 
monolayers  of  HEP-2)  for  many  clinically 
meaningful  autoantibodies  that  occur  in 
systemic  rheumatologic  diseases. 

Positive  result  suggests  possible 
rheumatologic  disease;  likelihood  increases 
with  number  of  different  positive 
autoantibodies. 

ANA  Thyroid 

Microsomal 

Antibody 

Measures  autoantibodies  against  thyroid 
microsomal  antigen. 

Present  in  autoimmune  thyroiditis. 

MSK  Smooth 

Muscle 

Antibody 

MSK  indicates  the  tissues  used  in  the  assay 
(mouse  stomach  kidney);  measures 
autoantibodies  against  actin  in  smooth 
muscle. 

Present  in  autoimmune  liver  diseases, 
especially  chronic  active  hepatitis. 

MSK 

Mitochondrial 

Antibody 

Measures  autoantibodies  against 
mitochondrial  antigens. 

Present  in  autoimmune  liver  diseases, 
especially  primary  biliary  cirrhosis. 

MSK  Parietal 
Antibody 

Measures  autoantibodies  against  parietal 
cells  of  the  stomach  that  make  intrinsic 
factor  for  the  absorption  of  vitamin  B12. 

Present  in  pernicious  anemia  (failure  to 
absorb  vitamin  B12). 

Rheumatoid  Factor 

Autoantibodies  reactive  with  a  person’s 
own  antibodies. 

Present  in  rheumatoid  arthritis;  also  in 
some  infections,  chronic  pulmonary 
diseases,  and  other  inflammatory  or 
autoimmune  diseases. 

17. 1.3. LI  Laboratory  Examination  Data 

The  results  of  cell  surface  marker  studies,  absolute  lymphocytes,  quantitative  immunoglobulins,  and  a 
lupus  panel  were  analyzed.  Participants  who  were  taking  anti-inflammatory  medication  (except  aspirin 
and  nonsteroidal)  or  immunosuppressant  medication  at  the  time  of  the  1997  physical  examination  were 
excluded  from  analysis.  Participants  who  had  recently  received  x-ray  treatment  or  chemotherapy  for 
cancer  and  participants  who  tested  positive  for  HIV  also  were  excluded  from  analysis. 


17-7 


17. 1.3 A. LI  Cell  Surface  Marker  ( Phenotypic )  Studies 

Quantification  of  the  different  cell  populations  was  carried  out  with  the  use  of  reagent  mouse  monoclonal 
antibodies.  Cell  surface  markers  were  analyzed  in  the  statistical  evaluation  of  the  immunologic  system. 
The  unit  of  measurement  was  cells/mm3.  The  CD3+CD4+  (helper  T  cells)  double  labeled  cell  surface 
marker  was  introduced  to  the  AFHS  for  the  1997  follow-up  examination. 

17.1.3.1.1.2  Absolute  Lymphocytes 

Absolute  lymphocytes  indicate  the  density  of  lymphocytes  in  the  blood.  Lymphocytes  recognize  and 
destroy  bacteria,  fungi,  viruses,  and  other  foreign  bodies.  Statistical  analyses  were  performed  on  absolute 
lymphocytes,  measured  in  cells/mm3. 

Absolute  lymphocytes  also  were  analyzed  in  Chapter  15,  Hematology  Assessment  (Table  15-19).  The 
analysis  of  absolute  lymphocytes  in  the  Hematology  Assessment  chapter  included  nonreactive 
lymphocytes,  whereas  the  analysis  in  this  chapter  included  nonreactive  and  reactive  lymphocytes.  In 
addition,  the  analysis  in  this  chapter  included  age,  race,  military  occupation,  current  cigarette  smoking, 
lifetime  cigarette  smoking  history,  current  alcohol  use,  lifetime  alcohol  history,  and  a  physical  activity 
index  as  covariates.  The  analysis  in  the  Hematology  Assessment  chapter  did  not  include  current  alcohol 
use,  lifetime  alcohol  history,  or  the  physical  activity  index.  The  exclusions  for  analysis  in  the 
Hematology  Assessment  included  participants  with  body  temperatures  greater  than  or  equal  to  100° 
Fahrenheit  and  participants  testing  positive  for  HIV.  The  exclusions  in  this  chapter  included  participants 
who  were  taking  anti-inflammatory  (except  aspirin  and  nonsteroidal)  or  immunosuppressant  medication 
at  the  time  of  the  1997  physical  examination.  Participants  who  had  recently  received  x-ray  treatment  or 
chemotherapy  for  cancer  and  participants  who  tested  positive  for  HIV  also  were  excluded  from  analysis 
in  this  chapter. 

17.1.3.1.1.3  Immunoglobulins 

Immunoglobulins  measure  the  ability  of  a  specific  B  cell  subgroup  to  secrete  a  specific  antibody  class  of 
molecules.  The  antibodies  usually  rise  in  response  to  infections  or  immunizations  with  bacteria,  fungi, 
and  viruses.  Statistical  analyses  were  performed  on  the  immunoglobulins  IgA,  IgG,  and  IgM,  measured 
in  mg/di. 


17.1.3.1.1.4  Lupus  Panel 

This  group  of  laboratory  tests  was  configured  to  detect  the  most  frequent  autoantibodies  found  in  both 
patients  and  asymptomatic  individuals.  Autoantibodies  are  markers  for  autoimmune  diseases,  and  the 
lupus  panel  is  considered  a  screening  assay  for  a  wide  spectrum  of  autoimmune  disorders  (e.g., 
rheumatoid  arthritis,  systemic  lupus  erythematosus).  Occasionally,  autoantibodies  are  detected  in 
asymptomatic  persons;  this  is  alternatively  explained  as  evidence  for  incipient  autoimmune  disease  or  a 
finding  of  unknown  meaning.  In  any  instance,  the  finding  of  an  autoantibody  is  not  normal  and  should  be 
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interpreted  as  an  aberration  of  the  immune  system.  The  lupus  panel  was  composed  of  the  following 
individual  tests  on  serum: 

•  Antinuclear  antibody  (ANA)  performed  on  HEP-2  cells 

•  Mouse  stomach  kidney  (MSK)  section  stain  for  the  following  specific  autoantibodies: 

-  Smooth  muscle 

-  Mitochondrial 
—  Parietal  cell 

•  Thyroid  microsomal  antibody 

•  Rheumatoid  factor. 

All  of  the  autoantibodies  derive  from  abnormalities  of  the  B  cell  portion,  the  part  of  the  immune  system 
that  produces  immunoglobulins. 

Statistical  analyses  were  performed  on  the  ANA,  ANA  thyroid  microsomal  antibody,  MSK  smooth 
muscle  antibody,  MSK  mitochondrial  antibody,  MSK  parietal  cell  antibody,  and  rheumatoid  factor,  with 
the  response  to  these  tests  scored  as  present  or  absent. 

17. 13. 2  Covariates 

Covariates  to  be  used  in  the  immunologic  evaluation  for  adjusted  statistical  analyses  included  age,  race, 
military  occupation,  current  alcohol  use  (drinks/day),  lifetime  alcohol  history  (drink-years),  current 
cigarette  smoking  (cigarettes/day),  lifetime  cigarette  smoking  history  (pack-years),  and  exercise  history 
(an  index  combining  both  duration  and  intensity). 

Age,  race,  and  military  occupation  were  determined  from  military  records.  Lifetime  alcohol  history  was 
based  on  information  from  the  1997  questionnaire  and  combined  with  similar  information  gathered  at  the 
1987  and  1992  follow-up  examinations.  Each  participant  was  asked  about  his  drinking  patterns 
throughout  his  lifetime.  When  a  participant’s  drinking  patterns  changed,  he  was  asked  to  describe  how 
his  alcohol  consumption  differed  and  the  duration  of  time  that  the  drinking  pattern  lasted.  The 
participant’s  average  daily  alcohol  consumption  was  determined  for  each  of  the  reported  drinking  pattern 
periods  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of  drink-years  was 
derived.  One  drink-year  was  the  equivalent  of  drinking  1.5  ounces  of  an  80-proof  alcoholic  beverage,  one 
12-ounce  beer,  or  one  5-ounce  glass  of  wine  per  day  for  1  year.  Current  alcohol  use  was  defined  as  the 
average  number  of  drinks  per  day  during  the  month  prior  to  completing  the  questionnaire. 

Current  cigarette  smoking  and  lifetime  cigarette  smoking  history  were  based  on  questionnaire  data.  For 
lifetime  cigarette  smoking  history,  the  respondent’s  average  smoking  was  estimated  over  his  lifetime 
based  on  his  responses  to  the  1997  questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes 
smoked  during  a  single  year. 

A  series  of  questions  concerning  exercise  patterns  in  the  2  weeks  prior  to  the  physical  examination  were 
included  as  part  of  the  1997  questionnaire.  The  participants  were  asked  questions  on  frequency,  average 
duration  per  frequency,  and  increase  of  heart  rate  or  breathing  for  more  than  20  different  activities.  The 
answers  to  these  questions  were  used  and  combined  to  determine  an  index  of  physical  activity 
incorporating  duration  and  intensity  (88,  89),  and  this  covariate  was  used  in  adjusted  statistical  analyses. 

A  participant  was  classified  as  active,  moderately  active,  or  sedentary  based  on  his  responses  to  the  series 
of  questions  regarding  exercise  patterns. 
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17.1.4  Statistical  Methods 

Chapter  7,  Statistical  Methods,  describes  the  basic  statistical  methods  to  be  used  in  the  immunologic 
assessment.  For  the  1985,  1897,  and  1992  follow-up  studies,  large  variation  was  observed  from 
examination  group  variability.  Because  of  the  variation,  this  co variate  generally  was  incorporated  into  the 
unadjusted  and  the  adjusted  models  of  the  respective  immunologic  assessments  for  the  1985,  1987,  and 
1992  studies.  Plans  had  been  made  to  use  examination  group  as  a  covariate  in  the  analysis  of  the  1997 
immunologic  data;  however,  examination  group  was  not  significantly  associated  with  immunologic  data 
in  the  1997  follow-up  study  and,  consequently,  examination  group  was  not  used  as  a  covariate  in  the 
analyses  described  in  this  chapter. 

Table  17-2  summarizes  the  statistical  analyses  to  be  performed  for  the  analysis  of  the  immunologic 
assessment.  The  first  part  of  this  table  lists  the  dependent  variables  to  be  analyzed.  The  second  part  of 
the  table  further  describes  the  covariates  to  be  examined.  A  covariate  was  used  in  its  continuous  form 
whenever  possible  for  all  adjusted  analyses.  If  the  covariate  was  inherently  discrete  (e.g.,  military 
occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of  association  with  the  dependent 
variables,  the  covariate  was  categorized  as  shown  in  Table  17-2. 


Table  17-2.  Statistical  Analysis  for  the  Immunologic  Assessment 


Dependent  Variables 


Variable  (Units) 

Source 

Data 
:  Form 

'Range/ 

Outpoints8 

Covariatesb 

!§  Statistical  | 
||  Methods  |§. 

CD3+  Cells  (T  Cells) 
(cells/mm3) 

LAB 

C 

700-2,400 

(i) 

(a) 

U:GLM 

A:GLM 

CD4+  Cells  (Helper 

T  Cells)  (cells/mm3) 

LAB 

C 

400-1,400 

a) 

(a) 

U:GLM 

A:GLM 

CD8+  Cells  (Suppressor 
Cells)  (cells/mm3) 

LAB 

C 

300-900 

(i) 

(a) 

U:GLM 

A:GLM 

CD  16+56+  Cells  (Natural 
Killer  Cells)  (cells/mm3) 

LAB 

C 

48-450 

(i) 

(a) 

U:GLM 

A:GLM 

CD20+  Cells  (B  Cells) 
(cells/mm3) 

LAB 

C 

— 

(i) 

(a) 

U.GLM 

A:GLM 

CD3+CD4+  Cells  (Helper 

T  Cells)  (cells/mm3) 

LAB 

C 

400-1,400 

(i) 

(a) 

U:GLM 

A:GLM 

Absolute  Lymphocytes 
(cells/mm3) 

LAB 

C 

1,000-4,800 

(i) 

(a) 

U:GLM 

A:GLM 

IgA  (mg/dl) 

LAB 

C 

69-382 

(i) 

(a) 

U:GLM 

A:GLM 

IgG  (mg/dl) 

LAB 

C 

723-1,685 

a) 

(a) 

U:GLM 

A:GLM 

IgM  (mg/dl) 

LAB 

C 

63-277 

(i) 

(a) 

U:GLM 

A:GLM 

Lupus  Panel:  ANA  Test 

LAB 

D 

Present 

Absent 

(i) 

(a) 

U:LR 

A:LR 

Lupus  Panel:  ANA 

Thyroid  Microsomal 
Antibody 

LAB 

D 

Present 

Absent 

(i) 

(a) 

U:LR 

A:LR 
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Table  17-2.  Statistical  Analysis  for  the  Immunologic  Assessment  (Continued) 


Variable  (Units) 

Data 

Source 

Data 

§§i  Nornrial  ; 
Range/ 
Outpoints8 

Covariatesb 

Exclusions0  j 

j }  Analysis  and  § 

jjl:  |  MethbdsLlt 

Lupus  Panel:  MSK 

Smooth  Muscle  Antibody 

LAB 

D 

Present 

Absent 

(i) 

(a) 

U:LR 

A:LR 

Lupus  Panel:  MSK 
Mitochondrial  Antibody 

LAB 

D 

Present 

Absent 

(1) 

(a) 

U:LR,CS 

A:LR 

Lupus  Panel:  MSK 

Parietal  Antibody 

LAB 

D 

Present 

Absent 

(1) 

(a) 

U:LR 

A:LR 

Lupus  Panel:  Rheumatoid 
Factor 

LAB 

D 

Present 

Absent 

a) 

(a) 

U:LR 

A:LR 

a  Normal  ranges  are  presented  for  cell  surface  markers,  absolute  lymphocytes,  and  immunoglobulins  for  reference 
purposes.  Statistical  analyses  were  done  only  on  the  continuous  form  of  these  dependent  variables. 
b  Covariates: 

(1):  age,  race,  military  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  current  alcohol 
use,  lifetime  alcohol  history,  physical  activity  index. 

c  Exclusions: 

(a):  participants  taking  anti-inflammatory  (except  aspirin  and  nonsteroidal)  or  immunosuppression  medications, 
participants  testing  positive  for  HIV,  participants  who  recently  received  x-ray  treatment  or  chemotherapy  for  cancer. 

Covariates 


Variable  (Units) 

Data  Source 

Data  Form 

Age  (years) 

MIL 

D/C 

Born>1942 

Bom<1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

Current  Cigarette  Smoking 

Q-SR 

D/C 

O-Never 

(cigarettes/day) 

0-Former 

>0-20 

>20 

Lifetime  Cigarette  Smoking 

Q-SR 

D/C 

0 

History  (pack-years) 

>0-10 

>10 

Current  Alcohol  Use  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 
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Table  17-2.  Statistical  Analysis  for  the  Immunologic  Assessment  (Continued) 


Variable  (Units) 

Data  Source 

’  Data  Form  t  , 

:  j§  §  Outpoints  l;fr|!  I|| jj 

Lifetime  Alcohol  History  (drink- 

Q-SR 

D/C 

0 

years) 

>0-40 

>40 

Physical  Activity  Index 

Q-SR 

D 

Sedentary:  <1.45 

(kcal/kg/day) 

Moderate:  l,45-<2.95 

Very  Active:  >2.95 

Abbreviations 

Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 

Q-SR:  Health  questionnaires  (self-reported) 

Data  Form:  D:  Discrete  analysis  only 

C:  Continuous  analysis  only 

D/C:  Appropriate  form  for  analysis  (either  discrete  or  continuous)  for  covariates 


Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 


Statistical  Methods:  CS:  Chi-square  contingency  table  analysis  (continuity -adjusted) 
GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 


Table  17-3  provides  a  summary  of  participants  with  missing  dependent  variable  and  co variate  data.  In 
addition,  the  number  of  participants  excluded  is  given.  Because  approximately  40  percent  of  the 
participants  were  assayed  for  cell  surface  markers,  Table  17-3  is  divided  into  two  parts:  (1)  a  summary 
for  cell  surface  markers  and  (2)  a  summary  for  absolute  lymphocytes,  immunoglobulins,  and  the  lupus 
panel. 


Table  17-3.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Immunologic 
Assessment 


Variable 

||pfeng|5|5|CP!®lparlson^ 

ImtbfiLf,  ^  J 

%p87  V 

(Ranch 

Comparison 

Cell  Surface  Markers 

CD20+  Cells  (B  Cells) 

DEP 

1 

0 

1 

1 

1 

0 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette  Smoking 

COV 

2 

1 

1 

2 

2 

1 

History 

Current  Alcohol  Use 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Alcohol  History 

COV 

2 

0 

1 

2 

2 

0 

Physical  Activity  Index 

COV 

3 

3 

1 

3 

3 

3 
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Table  17-3.  Number  of  Participants  with  Missing  Data  for  the  Immunologic  Assessment 
(Continued) 


frPUP  -  4, 

J  Dioxin  1 1; 

: .  ^anch  Hiaiifis  <)niy)  f  ■ :: 

Categorized  Dioxin 

Van&bte 

l®ilp8#S 

Ranch 

Hand 

Comparison 

Initial 

1987 

Ranch 

Hand 

Comparison 

Taking  Anti-Inflammatory  or 

EXC 

12 

12 

8 

12 

12 

11 

Immunosuppressant 

Medications 

Recent  X-ray  Treatment  or 

EXC 

10 

8 

9 

10 

10 

7 

Chemotherapy  for  Cancer 

HIV  Positive 

EXC 

0 

2 

0 

0 

0 

2 

Absolute  Lymphocytes, 
Immunoglobulins,  and 

Lupus  Panel 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette  Smoking 

COV 

2 

1 

1 

2 

2 

1 

History 

Current  Alcohol  Use 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Alcohol  History 

COV 

6 

2 

3 

6 

6 

1 

Physical  Activity  Index 

COV 

6 

8 

2 

6 

6 

8 

Taking  Anti-Inflammatory  or 

EXC 

23 

34 

14 

23 

23 

32 

Immunosuppressant 

Medications 

Recent  X-ray  Treatment  or 

EXC 

14 

17 

12 

13 

13 

16 

Chemotherapy  for  Cancer 

HIV  Positive 

EXC 

3 

2 

3 

3 

3 

2 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

Cell  Surface  Markers: 

341  Ranch  Hands  and  477  Comparisons. 

192  Ranch  Hands  for  initial  dioxin;  339  Ranch  Hands  for  1987  dioxin. 
339  Ranch  Hands  and  460  Comparisons  for  categorized  dioxin. 

Absolute  Lymphocytes,  Immunoglobulins,  and  Lupus  Panel: 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 
863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


17.2  RESULTS 

17.2.1  Dependent  V ariable-Co variate  Associations 

Tests  of  association  between  the  immunologic  dependent  variables  and  each  of  the  covariates  given  in 
Table  17-2  were  conducted.  The  results  are  presented  in  Appendix  Table  F-9.  These  associations  are 
pairwise  between  the  dependent  variable  and  the  co variate  and  are  not  adjusted  for  any  other  covariates. 
Participants  taking  anti-inflammatory  medications,  taking  immunosuppression  medication,  testing 


17-13 


positive  for  HIV,  or  who  have  recently  received  x-ray  treatment  or  chemotherapy  for  cancer  were 
excluded  from  all  analyses. 

The  analysis  of  CD3+  cells  (T  cells)  revealed  a  significant  association  with  age  (p=0.006),  indicating  a 
decrease  in  the  CD3+  cell  count  as  age  increased.  A  marginally  significant  association  was  found 
between  race  and  CD3+  cell  count  (p=0.095).  Blacks  displayed  a  higher  mean  CD3+  cell  count 
(mean=l, 363.1  cells/mm3)  than  non-Blacks  (mean=l,239.6  cells/mm3).  Analyses  also  revealed 
significant  associations  between  CD3+  cell  count  and  current  cigarette  smoking  (p<0.001)  and  between 
CD3+  cell  count  and  the  physical  activity  index  (pcO.OOl).  CD3+  cell  count  increased  as  the  number  of 
cigarettes  per  day  increased  and  as  the  activity  level  decreased. 

Tests  of  association  for  CD4+  cell  (helper  T  cell)  count  were  significant  for  age  (pcO.OOl),  race 
(p=0.023),  current  cigarette  smoking  (pcO.OOl),  and  the  physical  activity  index  (p=0.001).  A  marginally 
significant  association  was  found  with  lifetime  cigarette  smoking  history  (p=0.053).  The  CD4+  cell  count 
decreased  with  age,  and  the  CD4+  cell  count  mean  was  higher  for  Blacks  (mean=958.7  cells/mm3)  than 
for  non-Blacks  (mean=844.4  cells/mm3).  As  the  number  of  cigarettes  per  day  increased,  the  CD4+  cell 
count  increased.  Participants  with  the  lowest  activity  level  displayed  the  highest  average  CD4+  cell 
counts  (mean=889.2  cells/mm3);  the  cell  count  increased  as  the  number  of  cigarette  pack-years  increased. 

Significant  associations  with  the  CD8+  cell  (suppressor  T  cell)  count  were  found  for  the  current  cigarette 
smoking  (pcO.OOl)  and  the  physical  activity  index  co variates  (p=0.005).  The  CD8+  cell  count  increased 
as  the  number  of  cigarettes  smoked  per  day  increased.  The  mean  CD8+  cell  count  was  highest  among 
those  participants  classified  as  sedentary  (mean=608.3  cells/mm3).  Participants  classified  as  active 
displayed  the  next  highest  CD8+  cell  count  mean  (mean=548.3  cells/mm3),  followed  by  those  with  a 
moderately  active  index  (mean=539.1  cells/mm3). 

Covariate  association  tests  conducted  for  the  CD  16+56+  cell  (natural  killer  cell)  count  analysis  resulted  in 
significant  findings  for  age  (p=0.005)  and  current  cigarette  smoking  (pcO.OOl).  The  CD16+56+  cell 
count  increased  as  age  increased  and  as  the  number  of  cigarettes  smoked  per  day  decreased. 

Significant  covariate  associations  with  the  CD20+  cell  (B  cell)  count  were  found  for  age  (pcO.OOl),  race 
(p=0.007),  occupation  (p=0.002),  current  cigarette  smoking  (pcO.OOl),  current  alcohol  use  (p=0.007),  and 
the  physical  activity  index  (p=0.017).  The  CD20+  cell  count  decreased  with  age,  and  the  CD20+  cell 
count  mean  was  higher  for  Blacks  (mean=232.9  cells/mm3)  than  for  non-Blacks  (mean=  182.2  cells/mm3). 
Enlisted  groundcrew  showed  the  highest  average  CD20+  cell  count  (mean=200.9  cells/mm3),  followed  by 
enlisted  flyers  (mean=178.8  cells/mm3)  and  officers  (mean=170.8  cells/mm3).  The  CD20+  cell  count 
increased  as  the  number  of  cigarettes  smoked  per  day  increased  and  as  the  number  of  drinks  per  day 
decreased.  The  CD20+  cell  count  increased  as  the  physical  activity  level  decreased. 

Tests  of  covariate  associations  with  the  CD3+CD4+  cell  (helper  T  cell)  count  were  significant  for  age 
(p<0.001),  current  cigarette  smoking  (pcO.OOl),  lifetime  cigarette  smoking  history  (p=0.032),  and  the 
physical  activity  index  (p=0.001),  and  marginally  significant  for  race  (p=0.061).  The  CD3+CD4+  cell 
count  decreased  with  age.  The  mean  CD3+CD4+  cell  count  was  higher  for  Blacks  (mean=860.6 
cells/mm3)  than  for  non-Blacks  (mean=770.2  cells/mm3).  The  CD3+CD4+  cell  count  increased  as  current 
and  lifetime  cigarette  smoking  increased.  Participants  in  the  sedentary  category  of  the  physical  activity 
index  showed  the  highest  CD3+CD4+  cell  count  (mean=814.3  cells/mm3). 

Association  tests  for  absolute  lymphocytes  revealed  significant  findings  for  age  (pcO.OOl),  occupation 
(pcO.OOl),  current  cigarette  smoking  (pcO.OOl),  lifetime  cigarette  smoking  history  (pcO.OOl),  and  the 
physical  activity  index  (pcO.OOl).  The  association  between  absolute  lymphocytes  and  race  was 
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marginally  significant  (p=0.070).  Absolute  lymphocytes  decreased  with  age  and  increased  as  cigarette 
smoking  increased.  Enlisted  groundcrew  had  the  highest  average  absolute  lymphocyte  count 
(mean=l,845.8  cells/mm3),  followed  by  enlisted  flyers  (mean=l,788.5  cells/mm3),  then  officers 
(mean=l, 703.3  cells/mm3).  Blacks  displayed  a  higher  mean  absolute  lymphocyte  count  (mean=  1,879.4 
cells/mm3)  than  did  non-Blacks  (mean=  1,772.9  cells/mm3).  The  least  active  participants  displayed  the 
highest  average  absolute  lymphocyte  count  (mean=  1,83 1.0  cells/mm3),  compared  to  those  who  were 
moderately  active  (mean=  1,722.7  cells/mm3)  and  active  (mean=  1,7 19.7  cells/mm3). 

The  co  van  ate  association  analysis  for  IgA  displayed  significant  findings  for  age  (p=0.012),  occupation 
(p=0.030),  and  current  alcohol  use  (p=0.032).  Marginally  significant  findings  resulted  for  lifetime 
alcohol  use  (p=0.086)  and  the  physical  activity  index  (p=0.088).  IgA  levels  increased  with  age,  current 
alcohol  use,  and  lifetime  alcohol  use.  Average  IgA  levels  were  highest  among  enlisted  groundcrew 
(mean=238.7  mg/dl),  followed  by  enlisted  flyers  (mean=237.3  mg/dl),  then  officers  (mean=225.0  mg/dl). 
Participants  with  the  lowest  activity  levels  displayed  the  highest  mean  IgA  levels. 

Analysis  of  IgG  revealed  significant  associations  with  race  (p<0.001),  occupation  (p=0.019),  current 
cigarette  smoking  (p<0.001),  lifetime  cigarette  smoking  (p<0.001),  current  alcohol  use  (p<0.001),  and 
lifetime  alcohol  history  (p=0.007).  Blacks  exhibited  a  higher  average  IgG  level  (mean=  1,266.8  mg/dl) 
than  non-Blacks  (mean=  1,029.2  mg/dl).  Enlisted  groundcrew  exhibited  the  highest  average  IgG  level 
(mean=l,058.6  mg/dl)  among  the  occupational  strata,  followed  by  enlisted  flyers  (mean= 1,036,8  mg/dl), 
then  officers  (mean=  1,026.7  mg/dl).  IgA  levels  decreased  as  current  and  lifetime  cigarette  smoking 
increased  and  as  current  and  lifetime  alcohol  use  increased. 

The  covariate  analysis  of  IgM  levels  revealed  significant  associations  with  age  (p=0.005),  race  (p=0.004), 
and  current  alcohol  use  (p=0.010).  IgM  levels  decreased  as  age  increased.  Non-Blacks  displayed  higher 
average  levels  of  IgM  (mean=98.4  mg/dl)  as  compared  to  Blacks  (mean=85.4  mg/dl).  IgM  levels 
increased  as  the  current  alcohol  use  increased. 

Tests  of  association  between  covariates  and  ANA  revealed  a  marginally  significant  relation  with  age 
(p=0.098)  and  significant  relations  with  current  cigarette  smoking  (p=0.001)  and  lifetime  cigarette 
smoking  history  (p=0.033).  The  presence  of  the  ANA  was  higher  among  older  participants  (53.7%)  than 
among  younger  participants  (49.9%).  Cigarette  smokers  who  smoke  at  most  20  cigarettes  per  day  and 
those  with  more  than  10  pack-years  exhibited  the  greatest  percentages  of  the  ANA  present  (63.2%  and 
55.1%,  respectively). 

A  marginally  significant  association  between  thyroid  microsomal  antibody  and  the  physical  activity  index 
was  observed  (p=0.061).  The  highest  percentage  of  participants  with  the  thyroid  microsomal  antibody 
present  was  found  in  the  moderately  active  category  (4.3%),  followed  by  those  classified  as  sedentary 
(2.9%),  then  those  classified  as  active  (1.7%). 

Significant  covariate  associations  for  the  MSK  smooth  muscle  antibody  test  included  race  (p=0.018)  and 
current  cigarette  smoking  (p=0.037).  A  marginally  significant  association  with  the  physical  activity  index 
was  observed  (p=0.085).  Blacks  exhibited  a  higher  presence  of  the  MSK  smooth  muscle  antibody  than 
non-Blacks  (19.2%  vs.  11.7%,  respectively).  Cigarette  smokers  who  smoked  at  most  20  cigarettes  per 
day  displayed  the  highest  presence  of  the  smooth  muscle  antibody  (17.2%).  Participants  categorized  as 
moderately  active  exhibited  the  highest  presence  of  the  smooth  muscle  antibody  (13.5%),  followed  by 
those  who  were  classified  as  sedentary  (12.9%),  then  those  who  were  active  (9.5%). 
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Tests  of  covariate  association  for  the  MSK  mitochondrial  antibody  revealed  a  marginally  significant 
association  with  occupation  (p-0.060).  Officers  had  the  highest  prevalence  of  the  antibody  (0.6%), 
followed  by  enlisted  flyers  (0.3%),  then  enlisted  groundcrew  (0.0%). 

The  MSK  parietal  antibody  test  displayed  a  significant  covariate  association  with  race  (p=0.001).  For 
Blacks,  10.4  percent  exhibited  the  presence  of  the  antibody,  as  compared  to  3.9  percent  of  non-Blacks. 

Association  tests  for  the  rheumatoid  factor  showed  age  to  be  marginally  significant  (p=0.064)  and 
occupation  and  lifetime  cigarette  smoking  history  to  be  significant  (p=0.038  and  p=0.006,  respectively). 
The  presence  of  the  rheumatoid  factor  was  higher  among  the  older  participants  (12.2%),  compared  to  a 
prevalence  of  9.5  percent  for  the  younger  participants.  Enlisted  flyers  displayed  the  highest  prevalence  of 
a  positive  rheumatoid  factor  (13.1%),  followed  by  officers  (12.3%),  then  enlisted  groundcrew  (9.0%). 

The  heaviest  lifetime  smokers  (in  terms  of  pack-years)  showed  the  highest  presence  of  the  rheumatoid 
factor  (12.8%),  followed  by  nonsmokers  (1 1.6%),  then  moderate  lifetime  smokers  (7.4%). 

17.2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  17-2.  Dependent  variables  were  derived  from  the  results  of  the  laboratory  portion  of  the  1997 
follow-up  examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  17-2.  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e..  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (90). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparison, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
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of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

17.2.2.1  Laboratory  Variables 

17.2.2.1.1  CD3+  Cells  (T  Cells) 

The  Model  1  adjusted  analysis  of  CD3+  cells  revealed  a  marginally  significant  difference  in  means 
between  Ranch  Hands  and  Comparisons  within  the  enlisted  groundcrew  stratum  (Table  17-4(b):  p=0.073, 
difference  of  adjusted  means=-91.7  cells/mm3).  The  mean  CD3+  cell  count  was  higher  for  Comparisons 
than  for  Ranch  Hands.  All  other  Model  1  contrasts,  as  well  as  the  Model  2  and  Model  3  analyses,  were 
nonsignificant  (Table  17-4(a-f):  p>0.11  for  all  analyses). 

Results  from  the  Model  4  unadjusted  analysis  of  CD3+  cells  were  nonsignificant  (Table  17-4(g): 
p=0.316).  After  adjustment  for  covariates,  a  significant  and  positive  association  between  the  1987  dioxin 
levels  and  CD3+  cell  count  was  observed  (Table  17-4(h):  p=0.046,  adjusted  slope=0.035).  CD3+  cell 
counts  increased  as  1987  dioxin  levels  increased. 


Table  17-4.  Analysis  of  CD3+  Cells  (T  Cells)  (cells/mm3) 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

§§  H 

||jj|§ 'Groups  1 1  if  |  j 

Mean8 

Difference  of  Means  | 

iliillftlMill 

All 

Ranch  Hand 

319 

1,231.0 

-26. 7- 

0.431 

Comparison 

455 

1,257.7 

Officer 

Ranch  Hand 

135 

1,230.0 

39.8  - 

0.449 

Comparison 

164 

1,190.2 

Enlisted  Flyer 

Ranch  Hand 

56 

1,197.2 

-89.6  - 

0.270 

Comparison 

78 

1,286.8 

Enlisted 

Ranch  Hand 

128 

1,247.1 

-54.2  - 

0.308 

Groundcrew 

Comparison 

213 

1,301.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  17-4.  Analysis  of  CD3+  Cells  (T  Cells)  (cells/mm3)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Difference  ofAdj.  Means 
:  (95%  CX)b  . 

If  f  f  p- Value0  1 1 

All 

Ranch  Hand 

316 

1,245.2 

-38.5  - 

0.255 

Comparison 

451 

1,283.7 

Officer 

Ranch  Hand 

134 

1,313.3 

46.8  - 

0.392 

Comparison 

162 

1,266.5 

Enlisted  Flyer 

Ranch  Hand 

56 

1,201.6 

-96.8  - 

0.224 

Comparison 

77 

1,298.4 

Enlisted 

Ranch  Hand 

126 

1,205.6 

-91.7  - 

0.073 

Groundcrew 

Comparison 

212 

1,297.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN -  UNADJUSTED 

I:  Analysis  Results  for  Lpg2  (WtiaITMoxini)b’i  if  h  l 

.  n 

Adj.  Mean*6 

Slope 

R2  (Std.  Error)0 

p-  Value 

Low 

52 

1,163.0 

1,166.8 

0.013  0.023  (0.023) 

0.317 

Medium 

61 

1,288.6 

1,285.9 

JiiSh _ 

62 

1,263.7 

1,262.9 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+  cells  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


'(djM&DEL  2:  RANCH  HANDS 

Initial  Dioxin  Category  Summary  Statistics 

l|SI  i |  Analysis  Results  for  Log2  (InidalDioxin)  1 4  * 

(Sta,Error)b  | fj| J^Ou^^ 

Low  52  1,237.6 

Medium  60  1,358.6 

High  62  1,388.6 

0.132  0.042(0.027)  0.113 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+  cells  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-4.  Analysis  of  CD3+  Cells  (T  Cells)  (cells/mm3)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category 

Adj.  Meanab 

Difference  of  Adj.  Mean 
vs.  Comparisons 
.  (95%  C.I.)C 

p-Valued 

Comparison 

440 

1,252.8 

1,252.1 

Background  RH 

142 

1,210.4 

1,220.8 

-31.3  - 

0.490 

Low  RH 

84 

1,230.2 

1,225.9 

-26.2  - 

0.636 

High  RH 

91 

1,251.6 

1,242.7 

-9.4- 

0.862 

Low  plus  High  RH 

175 

1,241.3 

1,234.6 

-17.5  - 

0.676 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


y\':\  ,!■■■  ■  :  ;/  '  . 

Dioxin  Category 

■■■ 

j  Difference  of  Adj.  Mean  ff  | 
;  |  Ivs.  Comparisons  1 1| 
(95%C.I.)b  : 

p-VaIue‘ 

Comparison 

436 

1,284.8 

Background  RH 

140 

1,237.1 

-47.7  - 

0.308 

Low  RH 

83 

1,272.3 

-12.5  - 

0.823 

High  RH 

91 

1,239.3 

-45.5  - 

0.403 

Low  plus  High  RH 

174 

1,254.9 

-29.9  - 

0.474 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-4.  Analysis  of  CD3+  Cells  (T  Cells)  (cells/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics  ||  Analysis  Results  for  Log>  (1987  Dioxin  +1) 


1987  Dioxin 

R2 

Slope 

jp  (Std.  Error)b  f  fi 

||1  ;>p-Value.(|®| 

Low 

110 

1,196.2 

0.003 

0.015  (0.015) 

Medium 

100 

1,216.1 

High 

107 

1,271.3 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+  cells  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

|§!!!||§||§iflj|§§^^ 

|jj  Results  for  Log2  (1987  Dioxin  #l|'  ||J  4r 

1987  \v/:'  ' 

\  Dioxin  n  Adj.  Mean8 

•'  - 

Adjusted  Slope 

R2  (Std.  Error) b  p- Value 

Low  108  1,149.8 

Medium  100  1,220.5 

High  106  1,286.6 

0.088  0.035  (0.018)  0.046 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+  cells  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


1 7.2.2. 1.2  CD4+  Cells  (Helper  T  Cells) 

The  unadjusted  and  adjusted  analyses  of  CD4+  cells  in  Models  1, 2,  and  3,  as  well  as  the  unadjusted 
analysis  in  Model  4,  were  nonsignificant  (Table  17-5(a-g):  p>0.1 1  for  all  analyses).  The  adjusted 
analysis  of  Model  4  revealed  a  significant  and  positive  association  between  the  1987  dioxin  levels  and  the 
CD4+  cell  count  (Table  17-5(h):  p=0.033,  adjusted  slope=0.038).  CD4+  cell  counts  increased  as  1987 
dioxin  increased. 
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Table  17-5.  Analysis  of  CD4+  Cells  (Helper  T  Cells)  (cells/mm3) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


■'§ sfifj 

Difference  of  Means 

1 1 1  @5%  CJ.)b  lU 

lilt  |  p- Value* 

All 

Ranch  Hand 

319 

842.0 

- 15.0 ~ 

0.511 

Comparison 

455 

857.0 

Officer 

Ranch  Hand 

135 

838.0 

13.3  - 

0.708 

Comparison 

164 

824.7 

Enlisted  Flyer 

Ranch  Hand 

56 

808.4 

-61.8  - 

0.254 

Comparison 

78 

870.2 

Enlisted 

Ranch  Hand 

128 

861.4 

-16.5  - 

0.646 

Groundcrew 

Comparison 

213 

877.9 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 


Occupational 

liilwilllii 

ft-# 

» 

Difference  of  Adj.  Means 
(95%  C.I.)b 

All 

Ranch  Hand 

316 

871.6 

-22.4- 

0.333 

Comparison 

451 

894.0 

Officer 

Ranch  Hand 

134 

926.9 

20.0  - 

0.601 

Comparison 

162 

906.9 

Enlisted  Flyer 

Ranch  Hand 

56 

835.6 

-61.0  - 

0.261 

Comparison 

77 

896.5 

Enlisted 

Ranch  Hand 

126 

842.4 

-44.0  - 

0.205 

Groundcrew 

Comparison 

212 

886.4 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


mil 

81355115 

lNDS  -  INITL1 

lL  DIOXIN  -  UNADJUSTED  I 

aiiiiaa 

||||||  Analyst  Results  for  Log2  (Initial  tiioxin)b  4  i 3' 

Initial  Dum 

v-nt. 

Adj.Meanab  | 

i§i  pSSSMI  1  U 

iiSsMBMilili 

Low 

52 

804.2 

807.5 

0.018 

0.027  (0.023) 

0.254 

Medium 

61 

883.0 

880.6 

High 

62 

869.6 

868.8 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD4+  cells  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-5.  Analysis  of  CD4+  Cells  (Helper  T  Cells )  (cells/mm3)  (Continued) 


(d>  MX>PEL  2):‘:l$i^<pi  HANDS  -  INITIAL  DIOXIN 

-ADJUSTED  ; 4 

'--pi'; 

Si  1  |fi|;  Analysis  Results  for  Log2  (Initial  Dioxin) 1 1 1| If!  gj  |  i| 

lllllllllj; 

Adj.  Slope 
(Std.  Error)5 

p-Value 

Low  52  885.8 

Medium  60  961.1 

High  62  967.0 

0.152 

0.041  (0.026) 

0.119 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD4+  cells  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

Adj.  Meanab 

Differehc^  Of  Adj.  Mean  || 
|Ilf|l  vs.  Comparisons  llffl 
(95%  C.I.)C 

p-Valued 

Comparison 

440 

855.4 

854.9 

Background  RH 

142 

823.0 

830.4 

-24.5  - 

0.421 

Low  RH 

84 

838.7 

835.6 

-19.3  - 

0.605 

High  RH 

91 

868.7 

862.2 

7.3  - 

0.842 

Low  plus  High  RH 

175 

854.2 

849.3 

-5.6  - 

0.844 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

;  (f)  MOPjEL  3;  RAIjCH  HANPS  AND  COMPARISONS  BY  DIOXIN  C^^GOJ^Y  t  ;  t 


Dioxih  Category  /  §{  Jig1  v  i^S%f ; 


Comparison 

436 

897.9 

Background  RH 

140 

854.8 

-43.1  - 

0.176 

Low  RH 

83 

893.6 

-4.3  - 

0.911 

High  RH 

91 

886.1 

-11.8  - 

0.752 

Low  plus  High  RH 

174 

889.7 

-8.2  - 

0.774 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-5.  Analysis  of  CD4+  Cells  (Helper  T  Cells)  (cells/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|I1»I§  '  •  Analysis _Itesujt2j; for- tog2  (1987  Dioxin  +1)  ||| jljflpll 

1987  Dioxin  n  Mean8 

.  Slope  ■  ■ 

;  R2  : :  :  4  :  -  (Std.  Error)'1  V  p-Value 

Low  110  813.6 

Medium  100  825.4 

High  107  882.5 

0.004  0.017  (0.015)  0.255 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD4+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

R2  '  (Std.  Error)b  ■  p-Value 

Low  108  821.6 

Medium  100  865.5 

High  106  944.0 

0.091  0.038  (0.018)  0.033 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD4+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.3  CD8+  Cells  (Suppressor  T  Cells) 

All  results  from  the  analyses  of  CD8+  cells  in  Models  1  through  4  were  nonsignificant  (Table  17-6(a-h): 
p>0.1 1  for  all  analyses). 


Table  17-6.  Analysis  of  CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3) 


(a)  MODEL!:; 

RANCH  HANDS  VS.  COMRARISONS  -  UNADJUSTED 

13  iSiSl 

§§§1  sikik 

IlfclSSfeSiiJS 

All 

Ranch  Hand 

319 

564.5 

-22.6-- 

0.254 

Comparison 

455 

587.1 

Officer 

Ranch  Hand 

135 

558.7 

1 

1 

p 

0.818 

Comparison 

164 

551.7 

Enlisted  Flyer 

Ranch  Hand 

56 

563.9 

-61.7  - 

0.207 

Comparison 

78 

625.6 

Enlisted 

Ranch  Hand 

128 

571.0 

-30.7  - 

0.319 

Groundcrew 

Comparison 

213 

601.7 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  17-6.  Analysis  of  CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


!r  jjff-li 

Group 

Adjusted 

Difference  of  Adj.  Means 

(95%C.I.)b 

p-Valuec 

AU 

Ranch  Hand 

316 

565.6 

-27.4- 

0.169 

Comparison 

451 

593.0 

Officer 

Ranch  Hand 

134 

565.9 

7.3  - 

0.812 

Comparison 

162 

558.6 

Enlisted  Flyer 

Ranch  Hand 

56 

551.8 

-72.5  - 

0.132 

Comparison 

77 

624.3 

Enlisted  Groundcrew 

Ranch  Hand 

126 

564.7 

-42.2  - 

0.170 

Comparison 

212 

606.9 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

|H  |  |  Analysis  Results  for  Log*  (Initial  Dioxin)b  |  igj  £ 

'Safe'S? 

.  ■  Slope 

R2  (Std,  Error)0  p-Value 

Low  52  531.7  531.9 

Medium  61  584.9  584.7 

High  62  568.7  568.7 

0.001  0.012(0.029)  0.688 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD8+  cells  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

i|f|§  ||  jil  Analysis  Results 

Initial  Dioxin  n  Adj.  Mean® 

R2  /  (Std.  Error)"  :  p-Valuc 

Low  52  546.2 

Medium  60  608.0 

High  62  609.7 

0.039  0.023  (0.034)  0.505 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD8+  cells  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-6.  Analysis  of  CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3)  (Continued) 


<e)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BV  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Category 

Adj,  Meanab 

Difference  of  Adj.  Mean 
;  vs.  Comparisons 
(95%  C.I.)C  V 

p- Value4 

Comparison 

440 

584.2 

584.1 

Background  RH 

142 

563.2 

565.3 

-18.8  - 

0.479 

Low  RH 

84 

572.7 

571.8 

-12.3  - 

0.706 

High  RH 

91 

554.1 

552.4 

-31.7  - 

0.307 

Low  plus  High  RH 

175 

562.9 

561.6 

-22.5  - 

0.355 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

!jj|gjj|||jgP^ 


818plBSiiiSpi8  plSIippIfiiSSSf  p|S|f i  ®Sl 

.  !'  )'>  i  '•  vs.  Comparisons  4 

Dioxin  Category  n  Adj.  Mean*  (95%  CX)b  p-Valuec 


Comparison 

436 

592.0 

Background  RH 

140 

576.2 

-15.8- 

0.574 

Low  RH 

83 

576.2 

-15.8- 

0.634 

High  RH 

91 

541.9 

0.112 

Low  plus  High  RH 

174 

558.0 

-34.0  - 

0.164 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-6.  Analysis  of  CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

"  '  i  }  f987Dioxin  Category  Summary  Statistics  ^ 

AjnalysiSfResults  for  Log2  (1987  Dioxin  +1) 

1987  Dioxin  n  Mean® 

Slope 

R2  (Std.  Error)5  p-Value 

Low  1 10  550.0 

Medium  100  571.5 

High  107  569.0 

0.001  0.009  (0.019)  0.640 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD8+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

iSpill  Analysis  Results  for  Log2  (1987  Dioxin  + 1| ||f|fj|}f|  § 1 

Adjusted  Slope 

R2  (Std.Error)b  p- Value 

Low  108  519.5 

Medium  100  553.2 

High  106  539.0 

0.049  0.014(0.022)  0.540 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD8+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.4  CD16+56+  Cells  (Natural  Killer  Cells ) 

The  Model  1  unadjusted  analysis  of  CD  16+56+  cell  count  revealed  a  marginally  significant  difference 
between  Ranch  Hands  and  Comparisons  when  examined  across  all  occupational  strata  (Table  17-7(a): 
p=0.082,  difference  of  means=-16.6  cells/mm3).  In  addition,  a  significant  difference  among  Ranch 
Hands  and  Comparisons  was  found  within  the  enlisted  flyer  stratum  for  both  the  unadjusted  and  adjusted 
analyses  (Table  17-7(a,b):  p=0.018,  difference  of  means=-53.5  cells/mm3;  p=0.01 1,  difference  of 
adjusted  means=-58.7  cells/mm3).  Each  analysis  displayed  a  higher  CD  16+56+  cell  count  mean  for 
Comparisons.  All  other  Model  1  contrasts  and  both  the  unadjusted  and  adjusted  analyses  from  Model  2 
were  nonsignificant  (Table  17-7(a-d):  p>0.10  for  all  analyses). 
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Table  17-7.  Analysis  of  CD16+56+  Cells  (Natural  Killer  Cells)  (cells/mm3) 

(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 
Occupational  Difference  of  Means 


Group 

j|||  ;  jK  ilf 

(95%  C.I.)h 

p-Value* 

All 

Ranch  Hand 

319 

259.3 

- 16.6 - 

0.082 

Comparison 

455 

275.9 

Officer 

Ranch  Hand 

135 

266.2 

-9.9  - 

0.521 

Comparison 

164 

276.1 

Enlisted  Flyer 

Ranch  Hand 

56 

236.7 

-53.5  - 

0.018 

Comparison 

78 

290.2 

Enlisted 

Ranch  Hand 

128 

262.4 

-8.2  - 

0.572 

Groundcrew 

Comparison 

213 

270.6 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


5§0c|^IPuq|^i|- 

llSliliWllii 

n  . 

Difference  of  Adj.  Means 
(95%  C.I.)b 

1  ||| 1  p-Valuec  \ 

All 

Ranch  Hand 

316 

265.8 

-15.8-- 

0.106 

Comparison 

451 

281.6 

Officer 

Ranch  Hand 

134 

261.0 

-10.7  - 

0.478 

Comparison 

162 

271.7 

Enlisted  Flyer 

Ranch  Hand 

56 

241.8 

-58.7 

0.011 

Comparison 

77 

300.4 

Enlisted 

Ranch  Hand 

126 

280.8 

-2.5  - 

0.869 

Groundcrew 

Comparison 

212 

283.3 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 


presented  because  analysis  was  performed  on  natural  logarithm  scale. 


(c)1^0DEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin 


Mean1 


c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


0.038  -0.029  (0.032)  0.370 


Low 


276.7 


52  273.6 


Medium  61  265.1  263.2 


High 


62  254.8  254.2 


a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD16+56+  cells  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-7.  Analysis  of  CD16+56+  Cells  (Natural  Killer  Cells)  (cells/mm3)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

J  h  Analysis  Results  for  Log2  (Initial  Dioxin)  , 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

IJIII  !§  R2  IJjjill  (Std.  Error)6  1 1||  §  >Valjie  || 

Low  52  265.4 

Medium  60  268.8 

High  62  246.9 

0. 1 12  -0.030  (0.038)  0.429 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD16+56+  cells  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  WA&JqSTEt> 


,  vs.  Comparisons 


Comparison 

440 

275.8 

275.4 

Background  RH 

142 

254.1 

258.9 

-16.5  - 

0.192 

Low  RH 

84 

283.3 

281.1 

5.7  - 

0.726 

High  RH 

91 

247.1 

243.3 

-32.1  - 

0.028 

Low  plus  High  RH 

175 

263.9 

260.7 

-14.7  - 

0.209 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

C(f|  1V|Q|)EL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  |  J  B 


Dioxin  Category 8 jB/Jif  I> |Jf  f 8  Mean8  j|j  |jj|ji|§|  (95%  C;I.}b :^SM^  jj  g  p-Valuec 


Comparison 

436 

282.6 

Background  RH 

140 

268.0 

-14.6  - 

0.285 

Low  RH 

83 

286.7 

4.1  - 

High  RH 

91 

252.0 

-30.6  - 

Low  plus  High  RH 

174 

268.0 

-14.6  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-7.  Analysis  of  CD16+56+  Cells  (Natural  Killer  Cells)  ( cells/mm 3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

■1  ,  ?  Analysis  Results  for  Log2  (1987  Dioxin  +1)  -  }  ’■!  L ) 

1987  Dioxin  n  Mean3 

Jllff  lU  1  |f  |l|  'ilJSlpiliilllifiloK  ill Itil’Sf  iil®  Sllllllli 

R2  (Std.  Error)1*  p-Value 

Low  110  258.5 

Medium  100  263.0 

High  107  257.1 

<0.001  0.006  (0.021)  0.772 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD  16+56+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <3.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


1987  Dioxin  Category  Summary  Statistics 

|  1 1  Analysis  Results  for  Log2  (1987  Dioxin  4 1)  1  S§|! | 1  j 

Dioxin  n  Adj.Mean3 

Adjusted  Slope 

v:;:;R2  iStd.  Krr.irr'  :  p-Value 

Low  108  265.6 

Medium  100  263.8 

High  106  258.6 

0.059  -0.001  (0.025)  0.960 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD  16+56+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


The  results  from  the  Model  3  analysis  of  CD  16+56+  cell  count  revealed  similar  results  in  the  unadjusted 
and  adjusted  analyses.  Comparisons  were  found  to  have  a  significantly  higher  mean  CD  16+56+  cell 
count  than  Ranch  Hands  in  the  high  dioxin  category  in  both  the  unadjusted  and  adjusted  analyses  (Table 
17-7(e,f):  p=0.028,  difference  of  adjusted  means=-32.1  cells/mm3;  p=0.046,  difference  of  adjusted 
means=-30.6  cells/mm3,  respectively).  All  other  Model  3  contrasts,  as  well  as  each  analysis  for  Model  4, 
were  nonsignificant  (Table  17-7(e-h):  p>0.19  for  all  analyses). 

17.2.2. 1.5  CD20+  Cells  (B  Cells) 

All  results  from  the  analysis  of  CD20+  cell  count  were  nonsignificant  for  Models  1,  3,  and  4  (Table 
17-8(a,b,e-h):  p>0.14  for  each  analysis).  The  Model  2  unadjusted  analysis  revealed  a  significant  and 
positive  association  between  initial  dioxin  and  CD20+  cell  count  (Table  17-8(c):  p=0.024,  slope=0.081). 
The  Model  2  results  became  marginally  significant  after  adjustment  for  covariates  (Table  17-8(d): 
p=0.052,  adjusted  slope=0.075). 
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Table  17-8.  Analysis  of  CD20+  Cells  (B  Cells)  (cells/mm3) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


n  -  . 

Difference  of  Means  1| 
:  ■  (95%  C.I.)b 

All 

Ranch  Hand 

318 

184.0 

~1.5  - 

0.858 

Comparison 

455 

185.5 

Officer 

Ranch  Hand 

134 

175.3 

8.1- 

0.496 

Comparison 

164 

167.1 

Enlisted  Flyer 

Ranch  Hand 

56 

170.2 

-15.0  - 

0.420 

Comparison 

78 

185.2 

Enlisted 

Ranch  Hand 

128 

200.4 

-0.7  - 

0.961 

Groundcrew 

Comparison 

213 

201.1 

a  Transformed  from  natural  logarithm  scale. 

b  * 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


UlSJSS®! 

fgliili 

Difference  of  Adj.  Means, 

AU 

Ranch  Hand 

315 

196.2 

- 2.0 - 

0.808 

Comparison 

451 

198.2 

Officer 

Ranch  Hand 

133 

211.3 

13.1  - 

0.343 

Comparison 

162 

198.2 

Enlisted  Flyer 

Ranch  Hand 

56 

185.0 

-14.7  - 

0.450 

Comparison 

77 

199.7 

Enlisted 

Ranch  Hand 

126 

189.2 

-10.1  - 

0.422 

Groundcrew 

Comparison 

212 

199.3 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 

presented  because  analysis  was  performed  on  natural  logarithm  scale. 

c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

(c)  MODEL  2: 

KYNCHHAIN 

L  DIOXIN -L 

BBS 

USTEKii^ililI4 

i;  v-; 

®  m  fm. 

I 

Analysis  Results  for  l,og2  (Initial  [ 

jso^an»«## 

I 

ill  IS 

llsliiliil 

%  *  Mea» 

:i-.-  ■:  :: ^ 

Adj.  Mean”*1 

:  ■ 

51  :  •-  * 
.  •  . 

1 

1 

Low 

51 

153.6 

ESI 

1  0.052  0.081  (0.035) 

0.024 

Medium 

61 

198.4 

High 

62 

191.7 

191.4 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD20+  cells  versus  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-8.  Analysis  of  CD20+  Cells  (B  Cells)  (cells/mm3)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

R2  (Std.  Error)b  p- Value 

Low  51  203.2 

Medium  60  247.8 

High  62  238.9 

0.236  0.075  (0.038)  0.052 

a  Transformed  from  natural  logarithm  scale. 

fa  Slope  and  standard  error  based  on  natural  logarithm  of  CD20+  cells  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(ef AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Difference  of  Adj.  Mean 
vs.  Comparisons 

Dioxin  Category  n  Mean8  Adj.  Meanab  (95%  C.I.)C  p-Valued 


Comparison 

440 

185.0 

185.0 

Background  RH 

142 

182.9 

183.9 

-1.1  - 

Low  RH 

83 

167.1 

166.7 

-18.3  - 

High  RH 

91 

196.4 

195.5 

10.5  - 

Low  plus  High  RH 

174 

181.8 

181.1 

-3.9  - 

BBl«nRI  [|§j® 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Difference  of  Adj,  Mean 

Dioxin  Category  n  Adj.  Mean8  (95%C.I.)b  p-Valuec 


Comparison 

436 

198.1 

Background  RH 

140 

200.6 

2.5  - 

Low  RH 

82 

185.2 

-12.9  - 

High  RH 

91 

194.6 

-3.5  - 

Low  plus  High  RH 

173 

190.1 

-8.0  - 

0.419 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-8.  Analysis  of  CD20+  Cells  ( B  Cells)  (cells/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin +1) 

1987  Dioxin  n  Mean8 

Slope 

R2  (Std.  Error)b  p- Value 

Low  110  179.1 

Medium  99  170.0 

High  107  197.9 

0.004  0.026  (0.023)  0.260 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD20+  cells  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

Vf  ’j  v1  Analysis  Results  for  Log2  (1987  Dioxin  + 1);:'  |  t  r 

1987  -  • 

Dioxin  n  Adj.  Mean8 

Adjusted  Slope 

R2  '  (Std. Error)"  p-Value 

Low  108  199.9 

Medium  99  194.4 

High  106  214.6 

0.105  0.030(0.026)  0.253 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD20+  cells  versus  Iog2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.6  CD3+CD4+  Cells  (Helper  T  Cells) 

All  contrasts  examined  within  the  CD3+CD4+  cell  count  analysis  of  Models  1  and  3  were  nonsignificant 
(Table  17-9(a,b  and  e,f):  p>0.15  for  all  contrasts).  The  Model  2  unadjusted  analysis  of  CD3+CD4+  cell 
count  was  also  nonsignificant  (Table  17-9(c):  p=0.226),  although  the  adjusted  analysis  revealed  a 
marginally  significant  and  positive  association  between  initial  dioxin  and  the  CD3+CD4+  cell  count 
(Table  17-9(d):  p=0.098,  adjusted  slope=0.046).  The  Model  4  analysis  of  CD3+CD4+  cell  count  was 
also  nonsignificant  in  the  unadjusted  analysis  (Table  17-9(g):  p=0.228)  and  significant  in  the  adjusted 
analysis,  with  a  positive  association  between  the  1987  dioxin  levels  and  the  CD3+CD4+  cell  count  (Table 
17-9(h):  p=0.025,  adjusted  slope=0.042). 
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Table  17-9.  Analysis  of  CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3) 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Category 

Group 

liiiiliill 

Mean® 

Difference  of  Means 
(95%  C.I.)b 

p- Value0 

All 

Ranch  Hand 

319 

767.4 

-13.4- 

0.541 

Comparison 

455 

780.9 

Officer 

Ranch  Hand 

135 

763.1 

13.5  - 

0.693 

Comparison 

164 

749.6 

Enlisted  Flyer 

Ranch  Hand 

56 

737.4 

-54.5  - 

0.296 

Comparison 

78 

791.9 

Enlisted 

Ranch  Hand 

128 

785.6 

-16.1- 

0.641 

Groundcrew 

Comparison 

213 

801.8 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

llilliilllll 

Occupational 

Group 

n  , 

HJlH;  Adjusted;®^ 
Mean® 

K ;  Difference  of  Adj.  Mearis  f  £ 
(95%  C.I.)b 

p- Value*  1 

All 

Ranch  Hand 

316 

786.5 

-20.7- 

0.347 

Comparison 

451 

807.2 

Officer 

Ranch  Hand 

134 

839.6 

19.6  - 

0.589 

Comparison 

162 

820.0 

Enlisted  Flyer 

Ranch  Hand 

56 

753.7 

-53.8  - 

0.296 

Comparison 

77 

807.5 

Enlisted 

Ranch  Hand 

126 

758.1 

-42.5  - 

0.196 

Groundcrew 

Comparison 

212 

800.7 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

'  ?(0MODEL  ^  *  h 


tg  11  ’ 

Mean" 

1  i  ■  ■ ■ ;-- 

* 

iilfii! 

Low 

52 

730.7 

733.6 

0.018 

0.030  (0.024) 

Medium 

61 

807.5 

805.4 

High 

62 

798.1 

797.5 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+CD4+  cells  versus  log2  (initial  dioxin). 


Note;  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-9.  Analysis  of  CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3)  (Continued) 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Statistics  J 

j|j  |  Analysis  Results  for  Log2  (Initial  Dioxin)  jg  §  fjf|||i 

Initial  Dioxin  n  Adj.  Mean2 

Adj.  Slope 

R2  (Std.  Error) b  p-Value 

Low  52  790.9 

Medium  60  861.0 

High  62  874.2 

0.159  0.046(0.028)  6.098 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+CD4+  cells  versus  log2  (initial  dioxin). 
Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


COMPARISONS  BY  DJOXIN  CATEGORY  -  UNADJUSTED 


Adj.Meanrt 

Difference  of  Adj.  Mean  1 
f  ill:  vs.  Comparisons 

III!!  (95%  CX)C  Hill 

p-Valued 

Comparison 

440 

■ERtM 

Background  RH 

142 

-24.9  - 

0.395 

Low  RH 

84 

-17.1  - 

0.632 

High  RH 

91 

12.2  - 

0.731 

Low  plus  High  RH 

175 

776.6 

-2.0  - 

0.940 

a  Transformed  from  natural  logarithm  scale. 

L  V 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


CP  MODEL  3*  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGO^b 


|f  2-  |j  Dioxin  Cafegory  |l 

Di fference  of  A dj.  Mean 

(95%  C.!.)*  ■ 

Comparison 

436 

809.9 

Background  RH 

140 

766.6 

-43.3  - 

Low  RH 

83 

806.9 

-3.0  - 

0.935 

High  RH 

91 

803.8 

-6.1  - 

0.865 

Low  plus  High  RH 

174 

805.3 

-4.6  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  17-9.  Analysis  of  CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3)  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

llfSlfl:  1987pioxm  Category  Summary  Statistics  }  ||jl|jf 

Analysis  Results  for  Log2  (1987  Dioxin  +1)  f  If  J  § 

1987  Dioxin  n  Mean0 

R2  (Std.  Error)b  p-Value 

Low  1 10  738.7 

Medium  100  750.2 

High  107  809.7 

0.005  0.019  (0.016)  0.228 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+CD4+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


§Jf§j  Analysis  Resultsfor  Log2  (1987  Dioxin  + 1)  fj§§§  ||§| 

Adjusted  Slope 

R2  (Std.  Error)b  p-Value 

Low  108  731.1 

Medium  100  775.5 

High  106  854.8 

0.097  0.042(0.019)  0.025 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  CD3+CD4+  cells  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


1 7.2.2. 1. 7  Absolute  Lymphocytes 

All  analysis  results  from  Models  1  through  4  for  absolute  lymphocytes  were  nonsignificant  (Table 
17-10(a-h):  p>0.10). 


Table  17-10.  Analysis  of  Absolute  Lymphocytes  (cells/mm3) 


RANCH  HANDS  yS%(^M^R|S0^S,- 

IBm  1  Difference  of  Means  ililli  It  ill 

'f  * 

KilSt'  V 

<r  (95%  C;I.)b  || 

All 

Ranch  Hand 

830 

1,781.2 

3.  2  - 

0.909 

Comparison 

1,199 

1,777.9 

Officer 

Ranch  Hand 

327 

1,730.0 

44.8  - 

0.292 

Comparison 

475 

1,685.2 

Enlisted  Flyer 

Ranch  Hand 

142 

1,753.3 

-63.8  - 

0.360 

Comparison 

178 

1,817.2 

Enlisted 

Ranch  Hand 

361 

1,840.2 

-9.5  - 

0.828 

Groundcrew 

Comparison 

546 

1,849.6 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  17-10.  Analysis  of  Absolute  Lymphocytes  (cells/mm3)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


1  Occiipationalv 

ilifiiliiil 

Adjusted .  ;|g(f!i 
iiiiiiiii  liii 

Difference  of  Adj.  Means 
(95%  C.I.)b  : ; 

prValue* 

All 

Ranch  Hand 

820 

1,7873 

hU  - 

0.827 

Comparison 

1,188 

1,7933 

Officer 

Ranch  Hand 

324 

1,805.1 

52.9  - 

0.227 

Comparison 

470 

1,752.2 

Enlisted  Flyer 

Ranch  Hand 

140 

1,740.1 

-74.3  - 

0.279 

Comparison 

176 

1,814.4 

Enlisted 

Ranch  Hand 

356 

1,795.4 

-34.6  - 

0.412 

Groundcrew 

Comparison 

542 

1,830.0 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(0)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

R2  (Std.  Error)c  p- Value 

0.019  0.019  (0.012)  0.121 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


||.v  f  ,^|||  Analysis  Results  for  Log2  (Initial  Dioxin)  |f:  |  J||i|f |> 

liiilKliii 

Slope’  „  I  ‘ 

siBiaiHi 

Initial  Dioxin 

If  n! 

1 1  AdjrMeari.* 

.  R2  ■: 

|||||Jj  (Sta.  Error)b  |;j||| 

Low 

148 

1,742.9 

0.066 

0.023  (0.014) 

0.109 

Medium 

150 

1,781.8 

High 

151 

1,837.5 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-10.  Analysis  of  Absolute  Lymphocytes  (cells/mm3)  (Continued) 


g^LjlLNI>S:  Al>p>  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Difference  of  Adj.  Mean 


Dioxin  Category 

Mean8  Adj.  Meanab 

I-  vs.  Comparisons 
•  ^  (95%  C.I.)C  : 

p-Valued 

Comparison 

1,164 

1,776.6  1,775.7 

Background  RH 

371 

1,772.5  1,786.3 

10.6  - 

Low  RH 

222 

1,757.0  1,752.0 

-23.7  - 

High  RH 

231 

1,807.3  1,794.5 

18.8- 

Low  plus  High  RH 

453 

1,782.5  1,773.5 

-2.2  - 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 

because  analysis  was  performed  on  natural  logarithm  scale. 

d  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

:  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

1 *<  Mfegsw-  $>l  ■  tA  >  i 

Difference  of  Adj.  Mean 

vs.  Comparisons  &  M 

mKtmmmm  ib 

n  \7;; 

sr  ,  Adj.  Mean®  Vt; 

(95%  C.I.)b 

p-Valuec 

Comparison 

1,154 

1,794.7 

Background  RH 

365 

1,821.6 

26.9  - 

Low  RH 

220 

1,768.7 

-26.0  - 

High  RH 

229 

1,755.8 

-38.9  - 

Low  plus  High  RH 

449 

1,762.1 

-32.6  - 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

ii  m 

:  '  .  .  ‘  /.  •  ,.r:  -A.*,;' 

1987  Dioxin  n  Mean3 

•«  \  Zv  •  pi  '  •  -  - v 

:  ^vci- .>j  •  •  :Mop^c { 

R‘  (Std.  Error)1”  p-Valae 

Low  281  1,730.6 

Medium  271  1,788.5 

High  272  1,817.6 

0.002  0.010  (0.008)  0.222 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-10.  Analysis  of  Absolute  Lymphocytes  (cells/mm3)  (Continued) 
(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -ADJUSTED 


1987  Dioxin  Category  Summary  Statistics  ||  Analysis  Results  for  Log2  (1987  Dioxin  + 1) 


illlplili 

Dioxin 

Adj.  Mean3 

R2  : 

y?  Adjusted  Slope  i 

Low 

277 

1,723.8 

0.046 

0.008  (0.009) 

0.393 

Medium 

269 

1,783.7 

J!! _ 

268 

1,776.6 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.8  IgA 

Examination  of  contrasts  for  Models  1  and  3  in  both  the  unadjusted  and  adjusted  analyses  revealed  no 
significant  differences  in  IgA  levels  between  Ranch  Hands  and  Comparisons  (Table  17-ll(a,b  and  e,f): 
p>0.29  for  all  contrasts).  The  Model  2  unadjusted  analysis  of  IgA  was  also  nonsignificant  (Table 
17-1 1(c):  p=0.224),  although  after  adjustment  for  covariates,  the  association  between  initial  dioxin  and 
IgA  levels  was  significant  and  positive  (Table  17-1 1(d):  p=0.046,  adjusted  slope=0.040).  The  Model  4 
unadjusted  analysis  of  IgA  revealed  a  marginally  significant  and  positive  association  between  the  1987 
dioxin  levels  and  IgA  levels  (Table  17-1 1(g):  p=0.051,  adjusted  slope=0.022),  whereas  the  adjusted 
Model  4  analysis  was  nonsignificant  (Table  17-1 1(h):  p=0.1 15). 


Table  17-11.  Analysis  of  IgA  (mg/dl) 


|  (a)  jt:| 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

;;;  Occupational  |  ;• 

Mean3 

(95%  C.I.)" 

p- Value0 

All 

Ranch  Hand 

830 

232.4 

H 0.9 » 

0.860 

Comparison 

1,199 

233.3 

Officer 

Ranch  Hand 

327 

224.8 

-0.4  - 

0.958 

Comparison 

475 

225.2 

Enlisted  Flyer 

Ranch  Hand 

142 

238.1 

1.4  - 

0.912 

Comparison 

178 

236.6 

Enlisted 

Ranch  Hand 

361 

237.3 

-2.2  - 

0.779 

Groundcrew 

Comparison 

546 

239.5 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  17-11.  Analysis  of  IgA  (mg/dl)  (Continued) 


(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Category 

iSfittiiS# 

Adjusted  1 H  J 1 

Difference.  ofAdj.  Means  1 
(95%  C.I.)b 

p*Value€ 

All 

Ranch  Hand 

820 

234.9 

-1.4- 

0.790 

Comparison 

1,188 

236.2 

Officer 

Ranch  Hand 

324 

221.5 

-2.5  - 

0.740 

Comparison 

470 

224.0 

Enlisted  Flyer 

Ranch  Hand 

140 

238.2 

0.1  - 

0.995 

Comparison 

176 

238.1 

Enlisted 

Ranch  Hand 

356 

246.1 

-0.7  - 

0.927 

Groundcrew 

Comparison 

542 

246.8 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

1 1  Analysis  Results  for  Log2  (Initial  Dioxin)**  |j !  || ff 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

Slllll  •  p- 111 

Low  148  230.8  231.4 

Medium  152  241.6  241.6 

High  153  241.1  240.4 

0.007  0.021  (0.017)  0.224 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  IgA  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

|§§  InitialDioxin Category  Summary  Statistics  jj  j§j 

|Vn  \  Analysis  Results  for  Log2  (Initial  Dioxin)  \^% » ^  * 

|  >  |'J  f  n  §j|j||  §  ^j| 

T{2  (Std.  Error)1’  p-Valur 

Low  148  257.2 

Medium  150  270.3 

High  151  275.8 

0.049  0.040  (0.020)  0.046 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgA  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-11.  Analysis  of  IgA  (mg/dl)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


jpg t. M 

Adj.  Meanab 

Difference  of  Adj*  Mean 
vs.  Comparisons 

iiiiiiiiilliiili 

iiillilts 

Comparison 

1,164 

233.8 

233.6 

Background  RH 

371 

225.0 

226.8 

-6.8  - 

0.297 

Low  RH 

222 

233.0 

232.3 

-1.3  - 

0.868 

High  RH 

231 

242.6 

240.9 

7.3  - 

0.373 

Low  plus  High  RH 

453 

237.8 

236.6 

3.0  - 

0.629 

a  Transformed  from  natural  logarithm  scale. 

. 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


n  \  \ 

p  X  V>  ~W  V'*'  b  \  *  > 

Adj.  Mean® 

Difference  of  AdjfMean,i,  f  | 

:  :  (95%  C.I.)* 

iiitefcll 

Comparison 

1,154 

236.3 

Background  RH 

365 

231.0 

-5.3  - 

0.435 

Low  RH 

220 

233.2 

-3.1  - 

0.707 

High  RH 

229 

241.0 

.  4.7- 

0.575 

Low  plus  High  RH 

449 

237.1 

0.8- 

0.890 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

;  1987  Dioxin  Category  Summary  Statistics  ;  ' 

jIM!  "Analysis  Results  foL^Ld^(198^Di0xin  f || 

Slope 

Low  281  221.1 

Medium  271  231.1 

High  272  244.7 

0.005  0.022(0.011)  0.051 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgA  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-11.  Analysis  of  IgA  (mg/dl)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

1987 

1  Adjusted  Slope  1 1 1  1  |f  I  |||:| 

Adj.  Mean3 

R2 

(Std.Error)b  jg  p-Vahke j|;:|  f|J 

Low 

277 

240.7 

0.031 

0.021  (0.013)  0.115 

Medium 

269 

247.3 

High 

268 

265.1 

a  Transformed  from  natural  logarithm  scale, 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgA  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.9  IgG 

All  analyses  of  IgG  from  Models  1  through  4  were  nonsignificant  (Table  17-12  (a-h):  p>0.21). 


Table  17-12.  Analysis  of  IgG  (mg/dl) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Pi*-  'ft  1 

Occupational 

liiiwiii 

Difference  of  Means 
(95%  C.I.)b  ; 

mmsusm 

AU 

Ranch  Hand 

830 

1,035.5 

-11.8- 

0.273 

Comparison 

1,199 

1,047.3 

Officer 

Ranch  Hand 

327 

1,022.2 

1 

1 

0.649 

Comparison 

475 

1,029.8 

Enlisted  Flyer 

Ranch  Hand 

142 

1,021.8 

-27.2  - 

0.307 

Comparison 

178 

1,048.9 

Enlisted 

Ranch  Hand 

361 

1,053.3 

-8.9  - 

0.587 

Groundcrew 

Comparison 

546 

1,062.2 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  17-12.  Analysis  of  IgG  (mg/dl)  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


!  Occupational  : 

IliiSiiWiSIII 

Adjusted 
'  ;  Mean3 

Difference  of  Adj .  Means 
(95%  C.I.)b 

Valued:.;:  || 

All 

Ranch  Hand 

820 

1,121.4 

-13.9- 

0.217 

Comparison 

1,188 

1,135.4 

Officer 

Ranch  Hand 

324 

1,101.3 

-14.3  - 

0.417 

Comparison 

470 

1,115.6 

Enlisted  Flyer 

Ranch  Hand 

140 

1,111.7 

-32.3  - 

0.251 

Comparison 

176 

1,144.1 

Enlisted 

Ranch  Hand 

356 

1,145.3 

-6.8  - 

0.694 

Groundcrew 

Comparison 

542 

1,152.2 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Analysis  Results  for  Log2  (Initial  Dioxin)b 

■  Adj.Meanab 

R2  (Std.  Error)c  p- Value 

Low  148  1,040.7  1,039.6 

Medium  152  1,061.9  1,061.8 

High  153  1,025.2  1,026.3 

0.002  -0.001  (0.009)  0.922 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  IgG  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Bliijj  I^A^l^is  Results  for  Log2  (Inltial’ljibxihji  ||| 

'f  Initial  Dioxin  j  .  s|  <,•  Adj^Mean3  \\ 

|pl;|  (Std.T2rihr)\<V  f  p-Value 

Low  148  1,132.3 

Medium  150  1,162.9 

High  151  1,107.0 

0.119  -0.003(0.010)  0.761 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgG  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-12.  Analysis  of  IgG  (mg/dl)  (Continued) 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

.  81,1.  *•  It  i  „  Is.  4 '  ;  \  1‘  l '%?  \  r  \ ,  ’  5  <  n  l  p,-,  \  j  Difference  ofAdj.  Mean 


;  n 

Adj.  Meanab 

vs.  Comparisons 

IIIi®®i8Bllill 

p-Valued 

Comparison 

1,164 

1,048.3 

1,048.1 

Background  RH 

371 

1,029.2 

1,031.9 

-16.2  - 

0.254 

Low  RH 

222 

1,042.7 

1,041.7 

-6.4  - 

0.713 

High  RH 

231 

1,042.2 

1,039.6 

-8.5  - 

0.621 

Low  plus  High  RH 

453 

1,042.5 

1,040.7 

-7.4  - 

0.572 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

m  Difference  of  Adj.  Mean 

#11111188! 

■  ■ i; ; :;:p|  vs. 'Comparisons  fSftSif 

n  . 

Adj.  Mean** 

(95%  o,i.)b  Vyv  *  < 

Comparison 

1,154 

1,136.6 

Background  RH 

365 

1,122.1 

-14.5  - 

0.340 

Low  RH 

220 

1,121.4 

-15.2  - 

0.404 

High  RH 

229 

1,125.1 

-11.5  - 

0.535 

Low  plus  High  RH 

449 

1,123.3 

-13.3  - 

0.340 

a  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


■m— 

MM  m  lilt  gls 

1987  Dioxin  ,  n  %  ,  Mean* 

R  (Std.  Error)  p-Value 

Low  281  1,019.6 

Medium  271  1,040.5 

High  272  1,050.1 

<0.001  0.002  (0.005)  0.652 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgG  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-12.  Analysis  of  IgG  (mg/dl)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987 

Dioxin  u  Adj.  Mean3 

Adjusted  Slope 

R2  (Std.  Error) b  p- Value 

Low  277  1,115.5 

Medium  269  1,132.4 

High  268  1,142.7 

0.073  -0.001  (0.006)  0.920 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgG  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  ^7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2.1.10  IgM 

Each  result  from  the  analyses  of  IgM  was  nonsignificant  for  Models  1  through  4  (Table  17-13  (a-h): 
p>0.10  for  all  analyses). 


Table  17-13.  Analysis  of  IgM  (mg/dl) 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

f  Occupational 
l  '  Category '  ^ 

Group 

Mean3 

Difference  of  Means  *  t 

(95%  C.I.)b 

lilt  Iftiiiiliii:! 

All 

Ranch  Hand 

830 

96.3 

-2.1- 

0.373 

Comparison 

1,199 

98.4 

Officer 

Ranch  Hand 

327 

95.2 

-0.6  - 

0.862 

Comparison 

475 

95.9 

Enlisted  Flyer 

Ranch  Hand 

142 

94.6 

-9.7  - 

0.102 

Comparison 

178 

104.4 

Enlisted 

Ranch  Hand 

361 

98.0 

-0.8  - 

0.831 

Groundcrew 

Comparison 

546 

98.7 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


Table  17-13.  Analysis  of  IgM  (mg/dl)  (Continued) 


(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

iiiiiiliilii 

Adjusted 

''Meai*'  Ij|p 

(ft  Difference  of  Adj.  Means ;  || 
(95%  C.I.)b 

p-Valuec 

All 

Ranch  Hand 

820 

90.5 

-2.0- 

0.365 

Comparison 

1,188 

92.4 

Officer 

Ranch  Hand 

324 

89.2 

-0.7  - 

0.831 

Comparison 

470 

89.9 

Enlisted  Flyer 

Ranch  Hand 

140 

89.3 

-8.7  - 

0.120 

Comparison 

176 

98.1 

Enlisted 

Ranch  Hand 

356 

90.7 

-0.7  - 

0.824 

Groundcrew 

Comparison 

542 

91.4 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 
c  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  MOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Resul ts  for  Log2(Initial  Dioxin)b  \  \ 

i!  |  Aij,  Mean^t#  ! 

Slope 

R2  (Std.  Error)0  p-Value 

Low  148  93.9  93.5 

Medium  152  96.5  96.5 

High  153  96.0  96.3 

0.005  0.007(0.019)  0.711 

a  Transformed  from  natural  logarithm  scale. 

b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Slope  and  standard  error  based  on  natural  logarithm  of  IgM  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  n  Adj.  Mean2 

f  R2  1'  Wy  4.  (Std.  Error)b  r ^-^altte’, 

Low  148  86.3 

Medium  150  89.7 

High  151  87.9 

0.046  -0.003  (0.022)  0.896 

a  Transformed  from  natural  logarithm  scale. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgM  versus  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  17-13.  Analysis  of  IgM  (mg/dl)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


;  -l Dioxin  f *  x 

Adj.  Meanab 

Difference  of : Adj.  Mean  | 
III!  vs.  Comparisons  I  I 
(95%  C.I.)C 

p- Value-  }§ 

Comparison 

1,164 

98.2 

98.2 

Background  RH 

371 

97.1 

96.1 

-2.1- 

0.487 

LowRH 

222 

95.5 

95.8 

-2.4  - 

0.525 

High  RH 

231 

95.5 

96.4 

-1.8- 

0.619 

Low  plus  High  RH 

453 

95.5 

96.1 

-2.1- 

0.459 

a  Transformed  from  natural  logarithm  scale. 

.  — 

Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

V  DifferencepfAdj.  Mean 

J  |'|tfvs.'C^mpansbM'-;f>;:J;H 

Comparison 

1,154 

92.5 

Background  RH 

365 

91.2 

-1.3  - 

0.659 

Low  RH 

220 

90.7 

-1.8  - 

0.599 

High  RH 

229 

89.4 

-3.1- 

0.390 

Low  plus  High  RH 

449 

90.0 

-2.5  - 

0.358 

a  Transformed  from  natural  logarithm  scale. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

;v- '  ■  ,v '."i  f---.  .■■•Vi; .  ■  ,•  :  " 

1987  Dioxin  Category  Summary  Statistics 

atll  Analysis  R%ui^ferXogi  (1987  Dioxin  4l) 

|l§fj  jj||  f  i  If  |:'^f3|(Stdi  Error}1*  111!  p-Yaiue  Jg 

Low  281  96.4 

Medium  27 1  96.4 

High  272  95.7 

<0.001  -0.001  (0.012)  0.937 

a  Transformed  from  natural  logarithm  scale. 

5  Slope  and  standard  error  based  on  natural  logarithm  of  IgM  versus  log2  (1987  dioxin  +  1). 
Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-13.  Analysis  of  IgM  (mg/dl)  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1IHPHI1 

Dioxin 

f f-rf  i'i  ,'vt  !\-c 

Adj.  Mean5* 

R2 

(Std.  Error)b  p- Value 

Low 

277 

88.6 

0.025 

-0.008  (0.014)  0.586 

Medium 

269 

89.3 

High 

268 

86.4 

a  Transformed  from  natural  logarithm  scale 

b  Slope  and  standard  error  based  on  natural  logarithm  of  IgM  versus  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


17.2.2. LI  1  Lupus  Panel:  ANA  Test 

All  analysis  results  from  Models  1  through  4  for  the  antinuclear  antibody  were  nonsignificant  (Table 
17-14(a-h):  p>0.20). 


Table  17-14.  Analysis  of  Lupus  Panel:  ANA  Test 


f:(a)  MOPEL 1: 

RANCH  HANDS  VS.  COMPARISONS -UNADJUSTED 

®  n  -1  ✓Vf  <« WX’S-'f  S  ^  L  i  '<  txi  *  V  r  '4  'i 

|  Occupational 

Group 

iliiSplSif 

Number  (%) 

Est.  Relati veRisk  $ 
(95%  C.I.)  . 

•  -1 .  .  'p-Valuel-l^ 

AU 

Ranch  Hand 

830 

432  (52.1) 

1.00  (0.84,1.19) 

0.998 

Comparison 

1,199 

624(52.0) 

Officer 

Ranch  Hand 

327 

168(51.4) 

0.94  (0.71,1.25) 

0.683 

Comparison 

475 

251  (52.8) 

Enlisted  Flyer 

Ranch  Hand 

142 

73(51.4) 

1.11  (0.71,1.72) 

0.653 

Comparison 

178 

87  (48.9) 

Enlisted 

Ranch  Hand 

361 

191  (52.9) 

1.02  (0.78,1.33) 

0.876 

Groundcrew 

Comparison 

546 

286  (52.4) 

■litliilWiili 

Occupational  Category  . 

All 

101  (0.84,1.20) 

0.946 

Officer 

0.95  (0.72,1.27) 

0.736 

Enlisted  Flyer 

1.07  (0.68,1.67) 

0.778 

Enlisted  Groundcrew 

1.04  (0.79,1.36) 
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Table  17-14.  Analysis  of  Lupus  Panel:  ANA  Test  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

:§f§  Analysis  Result^  for  Log2  (Initial  Dioxin)8  §  §  j 

Dioxin  n  Present 

Estimated  Relative  Risk 

(95%  C.I.)b  p-Value 

Low  148  76(51.4) 

Medium  152  71  (46.7) 

High  153  85  (55.6) 

1.08  (0.94,1.24)  0.301 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


'*  ,?  \  Adjusted fej'**  ^  ^  kl"  ^  kK 

v  n  ;'  *  (95%  CX)a  .  p-Value 

_ 449 _ 1.04  (0.88,1.24) _ 0.622 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(c)  MODEL  3:  RANCH  HANDS  ANI»  COMPARISONS  BY  DIOXIN  CATEGORY 

-  CJjNADJjUSTED  Jl 

III  Number  (%)  ill 

lip  SXKmffmSk 

Est.  Relative  Risk 

Comparison 

1,164 

606(52.1) 

Background  RH 

371 

199  (53.6) 

1.05  (0.83,1.33) 

0.674 

Low  RH 

222 

105  (47.3) 

0.83  (0.62,1.11) 

0.202 

High  RH 

231 

127  (55.0) 

1.14  (0.85,1.51) 

0.380 

Low  plus  High  RH 

453 

232  (51.2) 

0.97  (0.78,1.21) 

0.810 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

CATOGdff^g>|g^^ 


Comparison 

1,154 

Background  RH 

365 

1.04(0.82,1.33) 

0.738 

Low  RH 

220 

0.85  (0.63,1.14) 

High  RH 

229 

1.15  (0.85,1.55) 

0.364 

Low  plus  High  RH 

449 

0.99  (0.79,1.24) 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-14.  Analysis  of  Lupus  Panel:  ANA  Test  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

1987  Number  (%) 

Dioxin  '  n  J 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

Low  281  153(54.5) 

Medium  271  134(49.5) 

High  272  144  (52.9) 

0.98  (0.90,1.08)  0.732 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

-Resiilfe;:i(br:Log2.  (1987  Dioxins  1). 

-Risk  t :  -ip 


■  n 

(95%  C.I.)ft 

|  |i  ji|j  p-Value  |j|M|  1|§§  | 

814 

6.96(0.86,1.08) 

0.512 

a  Relative  risk  for  a  twofold  increase  in 

1987  dioxin. 

1 7.2.2. 1.12  Lupus  Panel:  Thyroid  Microsomal  Antibody 

All  results  from  the  analyses  of  the  thyroid  microsomal  antibody  from  Models  1  through  4  were 
nonsignificant  (Table  17-15(a-h):  p>0.27). 


Table  17-15.  Analysis  of  Lupus  Panel:  ANA  Thyroid  Microsomal  Antibody 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Ip  Occupational 

Number  (%)  v; 

Est  Relative  Risk 

4  ^'Category  || 

’’  'Grdup'i^'”^  1  ; 

Present 

SBHISiftiii 

All 

Ranch  Hand 

830 

24(2.9) 

1.02  (0.60,1:73) 

0.941 

Comparison 

1,199 

34  (2.8) 

Officer 

Ranch  Hand 

327 

11  (3.4) 

1.15  (0.51,2.56) 

0.739 

Comparison 

475 

14  (3.0) 

Enlisted  Flyer 

Ranch  Hand 

142 

3  (2.1) 

0.75  (0.18,3.18) 

0.693 

Comparison 

178 

5  (2.8) 

Enlisted 

Ranch  Hand 

361 

10  (2.8) 

1.01  (0.45,2.27) 

0.984 

Groundcrew 

Comparison 

546 

15  (2.8) 

(b,  MODEL  I: 

VS.  CON 

1PARISONS  -  ADJUS' 

rnri  Y\  I’.'.S j>  >!*  §£§{ 

|  Categ^  | 

AOjiisiea  Keiative  KisK 

p-Value 

piiiiiiift 

All 

1.02  (0.59,1.75) 

0.947 

Officer 

1.14  (0.51,2.55) 

Enlisted  Flyer 

0.75  (0.17,3.19) 

0.692 

Enlisted  Groundcrew 

1.00(0.43,2.35) 

0.994 
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Table  17-15.  Analysis  of  Lupus  Panel:  ANA  Thyroid  Microsomal  Antibody  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

g  |  Analysis  Results  for  Log2  (Initial  Dioxin)3  /’ 

Initial  Number  (%) 

Dioxin  n  Present 

Estimated  Relative.Risk  >  V  t 

(95%  C.I.)b  p- Value 

0.77  (0.47,1.26)  0.272 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

n  (95%  C,I.)a  ■  p-Value 

_ 449 _ 0,77  (0.43,1.35) _ 0.344 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


n 

:  Number  (%) 

Present 

Est.  Relative  Risk 
(95%;  G.I.)**’  / 

Comparison 

1,164 

34  (2.9) 

Background  RH 

371 

12(3.2) 

1.13(0.58,2.22) 

0.717 

Low  RH 

222 

7  (3.2) 

1.08  (0.47,2.46) 

0.862 

High  RH 

231 

5  (2.2) 

0.72  (0.28,1.88) 

0.506 

Low  plus  High  RH 

453 

12  (2.7) 

0.88  (0.45,1.73) 

0.709 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-15.  Analysis  of  Lupus  Panel:  ANA  Thyroid  Microsomal  Antibody  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

>  r  Adjusted  Relative  Risk  -  fU  1 1  ,  % 

(95%  C.I.)a 

p-Value 

Comparison 

1,154 

Background  RH 

365 

1.03  (0.51,2.12) 

0.925 

Low  RH 

220 

1.12(0.49,2.59) 

0.785 

High  RH 

229 

0.81  (0.30,2.16) 

0.671 

Low  plus  High  RH 

449 

0.95  (0.48,1.90) 

0.883 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1987  Number  (%) 

Dioxin  n  Present 

f  Estimated  Relative  Risk  »  (||  $|*  *  *  *  *  '  ‘ 

(95%  C.I.)a  '  p-Value  vJV 

0.90(0.68,1.20)  0.486 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 

814  0.96  (0.69,1.35) 

0.824 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

17.2.2.1.13  Lupus  Panel:  MSK  Smooth  Muscle  Antibody 

The  Model  1  analysis  revealed  a  significant  difference  in  the  presence  of  the  MSK  smooth  muscle 
antibody  between  Ranch  Hands  (8.5%)  and  Comparisons  (16.3%)  in  the  enlisted  flyer  stratum.  The 
analyses  were  significant  both  unadjusted  and  adjusted  for  covariates  (Table  17-16(a,b):  p=0.040, 

Est.  RR-0.47 ;  p=0.045,  Adj.  RR=0.48,  respectively).  All  other  Model  1  contrasts  were  nonsignificant 
(Table  17-16(a,b):  p>0.21). 
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Table  17-16.  Analysis  of  Lupus  Panel:  MSK  Smooth  Muscle  Antibody 

(ajMODJELl: 

RANCH  HANDS  VS.  COMPARISONS -  UNADJUSTED 

Occupational 

Group 

n 

Number  (%) 

Est  Relative  Risk 

|#g|  :.(?5WCX);|S.l'; 

wmmrnmm 

AU 

Ranch  Hand 

830 

101  (12.2) 

1.01  (0.77,1.32) 

0.959 

Comparison 

1,199 

145  (12.1) 

Officer 

Ranch  Hand 

327 

43  (13.2) 

1.32  (0.85,2.04) 

0.217 

Comparison 

475 

49(10.3) 

Enlisted  Flyer 

Ranch  Hand 

142 

12  (8.5) 

0.47  (0.23,0.97) 

0.040 

Comparison 

178 

29  (16.3) 

Enlisted 

Ranch  Hand 

361 

46  (12.7) 

1.04(0.70,1.56) 

0.833 

Groundcrew 

Comparison 

546 

67  (12.3) 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Ipflllfl  ;  Adjusted  Relative  Risk 

(95%  C.I.) 

p-Value 

AU 

0.99  (0.75,1.31) 

0.953 

Officer 

1.30  (0.84,2.03) 

0.239 

Enlisted  Flyer 

0.48  (0.24,0.99) 

0.045 

Enlisted  Groundcrew 

1.02(0.68,1.53) 

0.934 

(c)  MODEL  2: 

RANCH  HAN 

OS-  INITIAL  DIOXIN  - 1. 

.  • 

Initial  l 

|  AnalysisResults  for  Log2  (Imtia 

l  Dioxin)* 

:  Initial 

Number  (%) 

Estimated  Relative  Risk 

;  ■  ■  (95%  C.I.)” 

mmm&m 

Low 

148 

18(12.2) 

0.80(0.62,1.02) 

0.061 

Medium 

152 

20(13.2) 

High 

153 

11  (7.2) 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


0.77  (0.58,1.04) 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  17-16.  Analysis  of  Lupus  Panel:  MSK  Smooth  Muscle  Antibody  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Number  (%)  Est  Relative  Risk 

Dioxin  Category 

Present  \  ^  f  (95%  C.I.)ab  {  1  „ 

p*  Value 

Comparison 

1,164 

141  (12.1) 

Background  RH 

371 

52(14.0)  1.23(0.87,1.74) 

0.235 

Low  RH 

222 

30(13.5)  1.12(0.73,1.71) 

0.601 

High  RH 

231 

19  (8.2)  0.63(0.38,1.04) 

0.071 

Low  plus  High  RH 

453 

49(10.8)  0.83(0.59,1.19) 

0.315 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED  llll 

f-  W&4  Adjusted  Relative  Risk  |  ill 

MMflMMNM  St 

(95%  C.I.)a 

^  J jc  |  S®  IMli 

Comparison 

1,154 

Background  RH 

365 

1.28(0.90,1.83) 

0.173 

Low  RH 

220 

1.07  (0.70,1.65) 

0.752 

High  RH 

229 

0.59  (0.36,1.00) 

0.048 

Low  plus  High  RH 

449 

0.79(0.55,1.14) 

0.209 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

1987Dioxin  Category  SummaryStatistics  f§jfj 

£4US  Analysis  Results  for  Log2  (1987  Dioxin  +T)  |  fjf  |  ^  $ 

1987  Number  (%) 

V | Dioxin f- |  O * \|l4‘  *  '  Ih'csent  | * 

Low  281  34(12.1) 

Medium  271  38  (14.0) 

High  272  29  (10.7) 

0.88(0.76,1.02)  0.087 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-16.  Analysis  of  Lupus  Panel:  MSK  Smooth  Muscle  Antibody  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 
Adjusted  Relative  Risk 


p-Vaiue 


814 


089(0.75,1.05) 


0.155 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


A  marginally  significant  and  inverse  association  was  found  between  initial  dioxin  and  the  presence  of  the 
MSK  smooth  muscle  antibody  in  both  the  unadjusted  and  adjusted  analyses  of  Model  2  (Table  17-16(c,d): 
p=0.061,  Est.  RR=0.80;  p=0.082,  Adj.  RR=0.77,  respectively).  As  initial  dioxin  increased,  the  percentage 
of  Ranch  Hands  with  the  MSK  smooth  muscle  antibody  present  decreased. 

The  unadjusted  analysis  of  Model  3  uncovered  a  marginally  significant  difference  in  the  presence  of  the 
MSK  smooth  muscle  antibody  between  Ranch  Hands  in  the  high  dioxin  category  (8.2%)  and 
Comparisons  (12.1%)  (Table  17-16(e):  p=0.071,  Est.  RR=0.63).  After  adjustment  for  covariates,  the 
association  became  significant  (Table  17-16(0:  p=0.048,  Adj.  RR=0.59).  All  other  Model  3  contrasts 
were  nonsignificant  in  both  unadjusted  and  adjusted  analyses  (Table  17-16(e,0:  p>0.17  for  all  contrasts). 

The  Model  4  unadjusted  analysis  revealed  a  marginally  significant  association  between  the  1987  dioxin 
levels  and  the  presence  of  the  MSK  smooth  muscle  antibody  (Table  17-16(g):  p=0.087,  Est.  RR=0.88). 
After  adjustment  for  covariates,  the  association  was  nonsignificant  (Table  17-16(h):  p=0.155). 

1 7.2. 2. 1. 14  Lupus  Panel:  MSK  Mitochondrial  Antibody 

Due  to  the  sparseness  of  the  presence  of  the  MSK  mitochondria!  antibody  among  the  study  participants, 
analyses  were  limited.  The  Model  1  adjusted  analysis  of  MSK  mitochondrial  antibody  displayed  a 
marginally  significant  difference  in  the  presence  of  the  antibody  between  Ranch  Hands  (1.2%)  and 
Comparisons  (0.2%)  in  the  officer  stratum  (Table  17-17(b):  p=0.098,  Adj.  RR=6.58).  All  other  Model  1 
analyses  performed  were  nonsignificant  (Table  17-17(a,b):  p>0.1 1). 


Table  17-17.  Analysis  of  Lupus  Panel:  MSK  Mitochondrial  Antibody 

(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Number  (%) 

IHIIp 

ps  |  Est  Relative  Risk  V 

C  Ilii  (95%  cxj  S  mW 

All 

Ranch  Hand 

830 

2.90  (0.53,15.86) 

0.203 

Comparison 

1,199 

2  (0.2) 

Officer 

Ranch  Hand 

327 

4(1.2) 

5.87  (0.65,52.76) 

0.114 

Comparison 

475 

1  (0.2) 

Enlisted  Flyer 

Ranch  Hand 

142 

0  (0.0) 

— 

0.999a 

Comparison 

178 

1  (0.6) 

Enlisted 

Ranch  Hand 

361 

0  (0.0) 

_ 

_ 

Groundcrew 

Comparison 

546 

0  (0.0) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  the  MSK  mitochondrial  antibody  present. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial  antibody 
present. 
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Table  17-17.  Analysis  of  Lupus  Panel:  MSK  Mitochondrial  Antibody  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 
(95%  C.I.)  . 

p-Value 

All 

2.79  (0.51,15.31) 

0.222 

Officer 

6.58  (0.70,61.53) 

0.098 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial  antibody 
present. 

Note:  Results  are  not  adjusted  for  race,  occupation  (contrast  of  all  Ranch  Hands  with  all  Comparisons),  current 
alcohol  use,  and  physical  activity  index  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial 
antibody  present. 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 

Hi|  Analysis  Results  for  Log2  (Initial  Dioxin)a  §  | 

Initial  Number  (%) 

*  Estimated  Relative  Risk  >  *  §  *  1  V  '  * 

<95<*  CJ.)"  ;  :  p-Valm* 

Low  148  2(1.4) 

Medium  152  0  (0.0) 

High  153  0  (0.0) 

0.11  (0.01,4.01)  0.034 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Adjusted  Relative  Risk 

n  (95%  C.I,)a  .  .  .  '  '  p- Value 

_ 450 _ 0.10(0.01,4.01)  _  0.049 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  are  not  adjusted  for  race,  current  alcohol  use,  and  physical  activity  index  due  to  the  sparse  number  of 
participants  with  the  MSK  mitochondrial  antibody  present. 
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Table  17-17.  Analysis  of  Lupus  Panel:  MSK  Mitochondrial  Antibody  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

i|i|i|p|H!lll 

Dioxin  Category 

n 

Number  (%) 

Est  Relative  Risk 
J§J|(f  (95%;Cj.)ab;.  " 

p- Value 

Comparison 

1,164 

2  (0.2) 

Background  RH 

371 

2(0.5) 

3.74  (0.51,27.25) 

0.193 

Low  RH 

222 

2  (0.9) 

4.91  (0.68,35.44) 

0.114 

High  RH 

231 

0  (0.0) 

— 

0.999c 

Low  plus  High  RH 

453 

2(0.4) 

- 

0.672c 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  the  MSK  mitochondrial  antibody  present. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial  antibody 
present. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adjusted  Relative  Risk 

Dioxin  Category  n  •'  (95%  C.I.)a  v  .  :  p- Value 


Comparison 

1,154 

Background  RH 

365 

3.55  (0.48,26.04) 

0.213 

Low  RH 

220 

4.30  (0.57,32.27) 

0.156 

High  RH 

229 

— 

— 

Low  plus  High  RH 

449 

- 

- 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

— :  Results  not  presented  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial  antibody 
present. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 

Results  are  not  adjusted  for  race,  occupation,  current  alcohol,  and  physical  activity  index  because  of  the 
sparse  number  of  participants  with  the  MSK  mitochondrial  antibody  present. 
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Table  17-17.  Analysis  of  Lupus  Panel:  MSK  Mitochondrial  Antibody  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

,  ,  Analysis  Results  for  Log2  (1987  Dioxin:  + 1) H  \  ; 

1987  Number .(%) 

Dioxin  n  Present 

Estimated  Relative  Risk  |  ffglfl  iWlfill!  1  §j  1 

0.62(0.29,1.33)  0.206 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -ADJUSTED 

./■  n  (95%  C.I.)a  .  :  ;  p- Value 

814 _ 0.65  (0.31,1.37) _ 0.245 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Results  are  not  adjusted  for  race,  occupation,  current  alcohol,  and  physical  activity  index  because  of  the 
sparse  number  of  participants  with  the  MSK  mitochondrial  antibody  present. 


The  Model  2  analysis  of  MSK  mitochondrial  antibody  showed  a  significant  inverse  association  with 
initial  dioxin  (Est.  RR=0.1 1,  p=0.034,  unadjusted;  Adj.  RR^O.IO,  p=0.049,  adjusted).  The  percentage  of 
participants  with  MSK  mitochondrial  antibody  increased  as  initial  dioxin  decreased. 

All  Model  3  and  4  analyses  were  nonsignificant  (Table  17-17  (e,h):  p>0.1 1). 

17.2.2.1. 15  Lupus  Panel:  MSK  Parietal  Antibody 

The  Model  1  unadjusted  and  adjusted  analyses  of  the  MSK  parietal  antibody  found  no  significant 
differences  between  Ranch  Hands  and  Comparisons  examined  across  all  occupations  and  within  each 
occupational  stratum  (Table  17-18(a,b):  p>0.33).  Results  were  also  nonsignificant  for  the  Model  2  and  4 
analyses  of  MSK  parietal  antibody  (Table  17-18(c,d  and  g,h):  p>0.14). 
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Table  17-18.  Analysis  of  Lupus  Panel:  MSK  Parietal  Antibody 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


mmmm 

IllliiiiiSIlSIi® 

BBUllilp 

Number  (%) 
Present  J  ; |  ; 

Est.  Relative  Risk  | 
(95%  C.I.) 

p- Value 

All 

Ranch  Hand 

830 

36  (4.  3) 

1.02  (0.66,1.58) 

0.927 

Comparison 

1,199 

51  (4.3) 

Officer 

Ranch  Hand 

327 

14  (4.3) 

1.37  (0.65,2.88) 

0.404 

Comparison 

475 

15  (3.2) 

Enlisted  Flyer 

Ranch  Hand 

142 

5  (3.5) 

0.61  (0.20,1.84) 

0.382 

Comparison 

178 

10  (5.6) 

Enlisted 

Ranch  Hand 

361 

17  (4.7) 

0.99  (0.53,1.85) 

0.971 

Groundcrew 

Comparison 

546 

26  (4.8) 

(95%  C  l.) 

p- Value 

AU 

LOO  (0.64,1.56) 

0.996 

Officer 

1.36  (0.65,2.87) 

0.416 

Enlisted  Flyer 

0.58  (0.19,1.74) 

0.331 

Enlisted  Groundcrew 

0.97  (0.51,1.85) 

0.920 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

|  j|||J  Wlmti^l'Dioxiu  Category  SummarySfatistics  |jjf  |g|i 

*  *  Analysis  Results  for  1 

Initial  :  .  Number  (%) 

Dioxin  n  Present 

.  (95% c.i.)1'  p- Value  ; ; 

Low  148  10  (6.8) 

Medium  152  10(6.6) 

High  153  6(3.9) 

0.86  (0.63,1.18)  0.335 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  17-18.  Analysis  of  Lupus  Panel:  MSK  Parietal  Antibody  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Category 

•  Number '(%) 

mmrnmm  if 

Est.  Relative  Risk 
'  (95%  C.I.)ab 

|l|g| | .  p- Value  Sjl§| 

Comparison 

1,164 

50  (4.3) 

Background  RH 

371 

9(2.4) 

0.61  (0.29,1.25) 

0.179 

Low  RH 

222 

16(7.2) 

1.68  (0.94,3.02) 

0.082 

High  RH 

231 

10  (4.3) 

0.93  (0.46,1.87) 

0.843 

Low  plus  High  RH 

453 

26  (5.7) 

1.24  (0.75,2.05) 

0.392 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


if)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

n  ’ 

Adjusted  Relative  Risk 
(95%C.I.)a 

iBiiiHi 

Comparison 

1,154 

Background  RH 

365 

0.63  (0.30,1.31) 

0.216 

Low  RH 

220 

1.50(0.82,2.75) 

0.192 

High  RH 

229 

0.97(0.47,1.99) 

0.928 

Low  plus  High  RH 

449 

1.20  (0.72,2.00) 

0.490 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  H^NDS -1987  DIOXIN  -  UNADJUSTED 

U  |  l^DioxW  Category  Summary  Statistics  |  <4/: 

Estimated  Relative  Risk 

1.14  (0.92,1.42)  0.245 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  17-18.  Analysis  of  Lupus  Panel:  MSK  Parietal  Antibody  (Continued) 


(h)  M$DEL  At  ^«IS€H’B^NDS!^W)87  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

KSIBtS 

Adjusted  Relative  Risk 
(95%C.I.ja 

MSWiliMii 

814 


1.22  (0.93,1.60) 


0.140 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  analysis  for  Model  3  revealed  a  marginally  significant  difference  in  the  presence  of  the 
MSK  parietal  antibody  among  Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  (Table 
17-18(e):  p=0.082,  Est.  RR=1.68).  The  percentage  of  participants  with  the  MSK  parietal  antibody 
present  was  7.2  among  Ranch  Hands  in  the  low  dioxin  category  and  4.3  for  Comparisons.  After 
adjustment  for  covariates,  the  difference  between  Ranch  Hands  in  the  low  dioxin  category  and 
Comparisons  was  nonsignificant  (Table  17-18(f):  p=0.192).  All  other  Model  3  contrasts  were 
nonsignificant  (Table  17-18(e,f):  p>0.17). 

1 7.2.2. 1.16  Lupus  Panel:  Rheumatoid  Factor 

All  Model  1  unadjusted  and  adjusted  contrasts  examining  the  presence  of  a  positive  rheumatoid  factor 
among  Ranch  Hands  and  Comparisons  were  nonsignificant  (Table  17-19(a,b):  p>0.16). 


Table  17-19.  Analysis  of  Lupus  Panel:  Rheumatoid  Factor 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  I?  |f|ij 

liilllSIiwSiij 

Group 

Number  (%) 
ill  -Present  j|j|! 

1  \  Est  Relative  Risk 
.  (95%  C.I.) 

All 

Ranch  Hand 

830 

89  (10.7) 

0.95  (0.72,1.27) 

0.748 

Comparison 

1,199 

134(11.2) 

Officer 

Ranch  Hand 

327 

43  (13.2) 

1.13(0.74,1.73) 

0.565 

Comparison 

475 

56(11.8) 

Enlisted  Flyer 

Ranch  Hand 

142 

19  (13.4) 

1.04  (0.54,2.00) 

0.904 

Comparison 

178 

23  (12.9) 

Enlisted 

Ranch  Hand 

361 

27  (7.5) 

0.72  (0.45,1.17) 

0.184 

Groundcrew 

Comparison 

546 

55(10.1) 

(l>)  MODEL  l:  RANCH  HANDS  VS.  C 

OMPARISONS  —  ADJUSTED 

Occupational  Category 

(95%  C.I.)  p- Value 

All 

0.91  (0.69,1.22) 

0.540 

Officer 

1.09(0.71,1.68) 

0.692 

Enlisted  Flyer 

0.98(0.51,1.91) 

0.956 

Enlisted  Groundcrew 

0.71  (0.44,1.15) 

0.167 
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Table  17-19.  Analysis  of  Lupus  Panel:  Rheumatoid  Factor  (Continued) 


(c)  MODEL  2:  RANCH  HAN  DS  -  INITIAL  DIOXIN -  UNADJUST  ED 

Initial  Dioxin  Category  Summary  Statistics  s 

|  Analysis  Results  for  Log2  (Initial  Dioxin)a  1 1  :  f| 

:•  !i|p|0|||j|{|||ll;  |  •]?;'’ iE'-il :  ft :  -  Number 

Dioxin  n  Present 

Estimated  Relative  Risk 

(95%  C.I.)b  p- Value 

Low  148  15(10.1) 

Medium  152  17(11.2) 

High  153  10  (6.5) 

0.75  (0.57,0.99)  0.033 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


-  ADJUSTED 


Analysis  Results  for  Log2  (Initial  Dioxin) 

S * s ^ '*■  < . **'"■' * n i ‘i i 

449 _ 0.83  (0.60,1.14) _ 0.233 


a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3 :  RAN  CH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED  ■ 

Number  (%) 

Est  Relative  Risk  ■ 

Dioxin  Category 

(95%  C.I.)ab 

Comparison 

1,164 

130(11.2) 

Background  RH 

371 

46  (12.4) 

1.15(0.80,1.65) 

0.458 

Low  RH 

222 

27  (12.2) 

1.10(0.70,1.70) 

0.686 

High  RH 

231 

15  (6.5) 

0.54  (0.31,0.95) 

0.032 

Low  plus  High  RH 

453 

42  (9.3) 

0.77  (0.52,1.12) 

0.170 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  17-19.  Analysis  of  Lupus  Panel:  Rheumatoid  Factor  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

Dioxin  Category 

®®§ ’ >  Adjusted  Relative  Risk:--  ^ 

(95%  C.I.)a 

p- Value 

Comparison 

1,154 

Background  RH 

365 

1.04  (0.71,1.51) 

0.841 

Low  RH 

220 

1.03  (0.66,1.61) 

0.890 

High  RH 

229 

0.59  (0.33,1.04) 

0.068 

Low  plus  High  RH 

449 

0.77(0.53,1.14) 

0.195 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL 4:  RANCH  HANDS  - 1987  DIOXIN -UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Present 

(95%  C.I.)a  p- Value 

Low  281  36(12.8) 

Medium  271  33(12.2) 

High  272  19  (7.0) 

0.81  (0.69,0.96)  0.010 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

p-Value 

814  0.86(0.71,1.04) 

0.122 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

A  significant  inverse  association  between  initial  dioxin  and  the  presence  of  a  positive  rheumatoid  factor 
was  found  from  the  Model  2  unadjusted  analysis  (Table  17-  19(c):  p=0.033,  Est.  RR=0.75).  After 
adjustment  for  covariates,  the  association  became  nonsignificant  (Table  17- 19(d):  p=0.233). 

The  Model  3  unadjusted  analysis  displayed  a  significant  difference  in  the  percentage  of  positive 
rheumatoid  factors  among  Ranch  Hands  in  the  high  dioxin  category  (6.5%)  and  Comparisons  (11.2%) 
(Table  17- 19(e):  p=0.032,  Est.  RR-0.54).  After  adjustment  for  covariates,  the  difference  was  marginally 
significant  (Table  17- 19(f):  p=0.068,  Adj.  RR=0.59).  All  other  unadjusted  and  adjusted  Model  3 
contrasts  were  nonsignificant  (Table  17-19(e,f):  p>0.17). 
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A  significant  inverse  association  between  the  1987  dioxin  levels  and  the  presence  of  a  positive 
rheumatoid  factor  was  found  in  the  Model  4  unadjusted  analysis  (Table  17- 19(g):  p=0.010,  Est. 
RR=0.81).  After  adjustment  for  covariates,  the  association  was  nonsignificant  (Table  17- 19(h): 

p=0.122). 


17.3  DISCUSSION 

Immunologic  competence  was  assessed  by  a  combination  of  laboratory  assays  on  blood  samples  that 
examined  lymphocyte  surface  markers  on  a  randomized  subset  of  the  study  population,  immunoglobulin 
quantitation,  and  autoantibodies. 

Evaluation  of  the  human  immune  system  is  divided  into  two  separate  segments:  humoral  and  cellular 
immunity.  Circulating  in  the  plasma  phase  of  blood,  the  humoral  segment  consists  of  the 
immunoglobulins  and  complement  proteins  (complement  C3  and  C4  analysis  presented  in  Chapter  13, 
Gastrointestinal  Assessment).  Some  immunoglobulins  (especially  IgA)  are  prominent  at  exposed  sites  of 
the  body  (e.g.,  the  mucosal  surfaces  of  the  mouth,  pulmonary  tract,  and  gastrointestinal  tract),  where 
direct  contact  with  microorganisms  is  frequent.  The  serum  immunoglobulins  are  secreted  by  plasma  cells 
within  the  bone  marrow  through  a  process  regulated  in  a  sequence  of  events  modulated  by  macrophages 
and  memory  lymphocytes.  The  immunoglobulins  serve  as  a  defense  against  bacterial  infections,  the 
bloodbome  phase  of  viral  infections,  and  in  many  other  situations  when  microorganisms  invade  the  body. 

Quantitation  of  the  immunoglobulins  IgG,  IgA,  and  IgM  in  serum  gives  an  overall  view  of  B  cell  integrity 
when  related  to  the  expected  reference  range  values  found  in  a  normal,  healthy  population.  Selective 
deficiency  of  one  or  more  of  these  antibody  classes,  whether  congenital  or  acquired,  may  be  associated 
with  increased  susceptibility  to  infections  (e.g.,  pneumonia).  Congenital  deficiencies  are  usually 
clinically  evident  early  in  life  due  to  a  large  number  of  infections  frequently  resulting  in  death  in 
childhood.  Acquired  deficiencies  of  immunoglobulins  can  occur  in  leukemias  and  lymphomas  that 
invade  the  bone  marrow  later  in  adult  life.  Elevations  of  these  immunoglobulins  in  a  polyclonal  pattern 
are  frequently  an  indication  of  chronic  infections  (perhaps  as  compensation  for  the  impairment  of  another 
segment  of  the  immune  response),  of  chronic  inflammation  such  as  in  autoimmune  disease,  or  of  faulty 
regulation  of  B  cell  responses  such  as  occurs  in  hepatic  cirrhosis.  Thus,  measurement  of 
immunoglobulins  in  serum  yields  clinical  information  relevant  to  past  immunologic  stimulation  from 
infections,  potential  to  defend  the  body  against  further  infectious  challenges,  and  the  functional  capacity 
of  the  liver  in  chronic  disease. 

Further  evidence  for  the  integrity  of  the  immune  system  in  aging  individuals  is  the  presence  or  absence  of 
various  autoantibodies.  The  autoantibodies  measured  in  the  lupus  panel  are  considered  to  be 
abnormalities  when  present.  Although  autoantibodies  often  demonstrate  an  association  with  specific 
diseases  that  is  useful  in  diagnosing  and  monitoring  those  diseases,  sometimes  the  same  autoantibodies 
can  be  found  as  isolated  laboratory  abnormalities  in  otherwise  healthy  individuals.  In  those  cases, 
autoantibodies  may  be  interpreted  almost  as  renegade  substances  deriving  from  an  aging  and  faltering 
immune  system,  and  as  such  are  markers  for  deterioration  of  the  B  cell  regulatory  process  of  immunity. 

The  second  segment,  cellular  immunity,  consists  of  both  granulocytic  and  lymphocytic  processes. 
Abnormalities  of  granulocytes  can  frequently  be  discerned  from  examination  of  the  peripheral  blood 
smear  as  part  of  the  complete  blood  count.  In  addition,  the  medical  history  of  individuals  is  usually 
sufficient  to  ascertain  whether  granulocyte  deficiency  is  a  consideration.  Chapter  16,  Hematologic 
Assessment,  discusses  the  effect  of  dioxin  on  the  components  of  these  cells. 
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The  total  number  of  circulating  lymphocytes  (also  called  absolute  number)  provides  information  relative 
to  the  basic  cellular  quantity  of  cells  present  and  available  in  the  body  for  mounting  an  immune  response. 
An  increase  in  the  total  number  of  lymphocytes  is  observed  in  lymphocytic  leukemias;  it  may  also  occur 
as  a  defensive  immune  response  to  some  acute  infections.  Deficiency  in  the  total  number  of  lymphocytes 
may  indicate  susceptibility  to  infections  with  viruses  or  fungi.  The  total  number  of  lymphocytes  is 
usually  decreased  in  malnutrition,  often  leading  to  infections  in  malnourished  persons. 

Examination  of  marker  proteins  on  the  surfaces  of  lymphocytes  by  flow  cytometry  is  an  excellent  means 
of  evaluating  whether  the  regulatory  interactions  between  the  subpopulations  of  T  cells,  B  cells,  and 
monocytes  are  intact.  An  alteration  in  the  percentages  of  any  of  these  categories  of  cells  can  be 
considered  presumptive  evidence  of  an  inability  to  recognize  and  destroy  foreign  infectious  agents  or 
tumor  cells.  The  marker  for  total  T  cells  was  CD3+;  the  T  cells  were  further  broken  down  into  the 
subpopulations  of  CD4+  (helper  cells)  and  CD8+  (suppressor  cells).  The  body's  ability  to  respond  to 
infectious  challenges  decreases  in  proportion  to  depression  of  the  CD4+  count.  This  relation  is 
particularly  important  in  patients  with  AIDS  because  the  HIV  directly  infects  and  destroys  CD4+ 
lymphocytes,  thereby  incapacitating  the  immune  system  leading  to  infections  with  opportunistic 
organisms  that  normally  would  not  cause  infections  in  humans.  The  CD4+  count  is  also  depressed  by 
immunosuppressive  medications  such  as  cyclosporine,  which  are  used  to  prevent  rejection  of  organ 
transplants  (e.g.,  kidney,  heart).  Immunosuppressed  persons  have  a  higher  rate  of  malignancies, 
presumably  in  part  because  of  diminished  capacity  of  the  immune  system  to  search  for  and  destroy  tumor 
cells.  The  CD  16+56+  markers  are  found  on  natural  killer  lymphocytes  that  provide  a  strong  line  of 
defense  against  growth  of  neoplasms  through  their  action  of  destroying  target  cells  by  antibody- 
dependent,  complement-mediated  cytolysis.  Changes  in  the  mean  number  of  CD  16+56+  cells  (natural 
killer  cells)  should  not  be  over  interpreted.  Scientists  know  very  little  about  the  clinical  significance  of 
these  cells;  some  authors  suggest  that  these  cells  alter  during  times  of  stress.  Occasionally,  there  has  been 
a  case  report  of  patients  who  lack  these  cells.  In  general,  the  natural  killer  cell  population  is 
heterogeneous  and  the  role  of  these  cells  in  humans  is  unknown.  CD20+  is  a  surface  marker  for  B  cells 
and  gives  an  indication  of  the  balance  between  cellular  immunity  and  the  ability  to  mount  a  B  cell 
response  with  production  of  specific  antibodies. 

Interpretation  of  alterations  in  the  relative  amounts  of  B  cells,  T  cells,  their  subsets,  and  monocytes  is 
based  on  the  expectation  that  all  aspects  of  the  immune  system  must  be  intact  to  prevent  infections  and  to 
guard  against  development  of  tumors  with  unusual  surface  antigens.  The  antibodies  specific  for  tumors 
can  either  help  to  destroy  them  by  binding  complement  and  lysing  the  cells  or  stabilize  them  if  those 
antibodies  attach  to  the  tumor  surface  without  binding  complement,  thereby  blocking  immune  recognition 
and  destruction  of  tumor  cells.  The  T  cells  also  have  antigen  receptors  on  their  surfaces  that  similarly  call 
into  play  the  destructive  power  of  the  entire  lymphocyte  cell  line  in  an  antitumor  attack.  T  cells 
stimulated  by  interleukin-2  have  even  greater  capacity  to  attack  and  destroy  foreign  antigens  and  tumors 
by  the  other  recognition  factors  such  as  antibodies  and  complement  proteins. 

The  immunologic  evaluation  performed  on  AFHS  participants  went  far  beyond  the  usual  medical 
examinations  employed  for  general  health  assessments.  As  a  test  panel  battery,  this  assessment  provided 
an  in-depth,  broad  review  of  immunologic  parameters  designed  to  detect  abnormalities  or  variances  that 
may  or  may  not  carry  clinical  import.  In  fact,  the  choice  of  all  these  sensitive  laboratory  tests  may  make 
it  statistically  possible  to  detect  some  subtle  effect  of  dioxin  on  the  immune  system. 

This  thorough  evaluation  of  the  immune  system  did  not  reveal  any  relations  between  dioxin  exposure  and 
clinically  overt  disease,  but  unknown  subclinical  effects  of  dioxin  on  the  immune  system  cannot  be  ruled 
out.  Some  individual  elements  showed  statistical  significance,  although  the  magnitude  of  such  relations 
was  small  and  certainly  not  to  be  interpreted  as  conveying  health  risk.  These  included  the  following 
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associations  with  increasing  dioxin  level:  a  slight  increase  in  CD3+  cells  (T  cells),  a  slight  increase  in 
CD4+  cells  (helper  T  cells),  a  slight  decrease  in  CD  16+56+  cells  (natural  killer  cells),  and  a  slight 
increase  in  CD20+  cells  (B  cells).  These  combinations  of  results  do  not  necessarily  indicate  a  disorder, 
and  the  magnitude  of  each  effect  in  itself  is  not  considered  clinically  meaningful.  The  difference  in  the 
magnitude  of  absolute  lymphocytes  between  the  1992  examination  (the  mean  was  approximately  1,940 
cells/mm3)  versus  the  1997  examination  (the  mean  was  approximately  1,780  cells/mm3)  was  caused  by  an 
equipment  upgrade  from  the  Coulter  STKR®  in  1992  to  the  Coulter  STKS®  in  1997.  The  Coulter  STKS® 
had  a  slightly  lower  reference  range  than  the  Coulter  STKR®. 

In  the  1997  study,  approximately  50  percent  of  both  Ranch  Hand  and  Comparison  participants  exhibited 
positive  results  on  the  ANA  test.  This  positive  rate  was  much  higher  than  expected  for  an  adult  male 
population.  The  ANA  positive  rate  also  was  significantly  higher  in  the  1997  study  than  in  the  1992  study, 
when  about  15  percent  of  both  Ranch  Hand  and  Comparison  groups  were  positive.  A  shift  in  the 
sensitivity  of  detection  for  ANA  may  have  occurred  from  the  1992  study  to  the  1997  study.  In  1997,  all 
ANA  tests  were  read  by  the  same  dedicated  technologist.  For  the  last  several  months  of  the  study,  the 
tests  also  were  backread  by  an  expert  reviewer  who  verified  all  positive  results.  This  quality  control 
procedure  guaranteed  that  the  technique  for  detection  was  consistent  and  accurate  in  the  1997  study. 

ANA  is  a  screening  test  done  at  a  particular  dilution  of  serum,  typically  1 :40.  Samples  that  screen 
positive  are  then  titered  to  endpoint  (1:80,  1:160,  etc.)  and  a  pattern  (e.g.,  homogeneous,  speckled, 
nucleolar,  centromere)  is  identified.  Most  laboratory  clinicians  screen  at  1:40  and  report  results  that  are 
less  than  or  equal  to  1:160  as  “indeterminate”  or  “borderline.”  Borderline  ANA  test  results  rarely  are 
clinically  important  (significant).  The  clinician  decides  whether  the  result  is  clinically  important  and 
whether  to  do  follow-up  tests  for  more  specific  antinuclear  antibodies.  Results  of  1:320  or  greater  are 
considered  positive;  the  higher  the  titer,  the  more  likely  it  is  to  be  clinically  significant. 

The  screening  dilution  (1:40  in  the  AFHS)  usually  is  determined  by  the  laboratory  to  be  that  concentration 
at  which  95  percent  of  normal  individuals  are  negative.  As  humans  age,  it  is  well  recognized  that  the 
percentage  of  normal  asymptomatic  individuals  who  screen  positive  increases.  It  is  not  practical  to  adjust 
screening  dilutions  by  age;  therefore,  screening  at  a  dilution  of  1:40  is  used  for  all  individuals — regardless 
of  their  age — knowing  that  there  will  be  more  false  positives  as  age  increases.  Clinicians  usually  take  that 
into  consideration  when  interpreting  the  low  level  positives  and  borderline  results. 

In  the  AFHS,  the  ANA  test  was  scored  as  positive  or  negative.  The  percentage  positive  in  the 
Comparison  group  is  more  than  5  percent,  as  it  was  in  the  last  report,  for  two  reasons:  (1)  it  does  not 
distinguish  trivial  positives  from  serious  positives  and  (2)  the  population  is  getting  older.  Unfortunately, 
readers  lacking  knowledge  of  the  test  may  interpret  this  as  a  Vietnam  effect,  when  in  fact  the  increase  is 
more  likely  due  to  aging  and  lack  of  resolution  of  the  degree  of  abnormality.  In  future  studies,  the  degree 
of  abnormality  will  be  scored. 

An  inverse  relation  was  found  between  dioxin  exposure  and  the  presence  of  autoantibodies  against  MSK 
smooth  muscle.  Other  autoantibodies  examined  (ANA  in  the  lupus  panel  and  rheumatoid  factor)  did  not 
show  a  relation  with  dioxin  in  the  1997  follow-up  study,  although  they  had  previously  done  so  in  the  1992 
follow-up  examination.  The  Comparison  group  showed  a  rate  of  abnormal  (positive)  results  for  smooth 
muscle  autoantibody  that  is  expected  in  a  general  population.  As  in  the  1992  follow-up  study,  the  Ranch 
Hand  group  actually  had  a  lower  number  of  abnormal  results  for  the  smooth  muscle  autoantibody  than  did 
the  Comparison  group.  This  statistically  negative  association  may  indicate  a  highly  sensitive  but  not 
clinically  meaningful  first  indication  of  a  generalized  immune  suppression,  because  a  certain  percentage 
of  normal  individuals  should  have  been  expected  to  test  positive  but  did  not.  Clarification  of  the 
relevance  of  these  findings  to  a  hypothesis  of  dioxin-induced  immune  suppression  will  require 
longitudinal  analysis  of  data  from  future  physical  examinations. 
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Seram  IgA  concentrations  increased  significantly  with  initial  dioxin.  IgA  means  were  not  significantly 
increased  in  Ranch  Hand  enlisted  groundcrew  or  in  the  high  dioxin  category  and  IgA  did  not  increase 
significantly  with  1987  dioxin.  Similar  results  were  observed  in  1992  and  in  1987.  In  1992,  significant 
increases  in  IgA  with  initial  dioxin  were  noted;  there  were  no  corresponding  increases  in  Ranch  Hand 
enlisted  groundcrew  or  in  the  high  dioxin  category.  IgA  was  not  significantly  related  with  1987  dioxin. 

In  1987,  IgA  increased  significantly  with  initial  dioxin,  but  was  not  significantly  increased  in  the  high 
dioxin  category;  the  Ranch  Hand  and  Comparison  IgA  means  were  not  significantly  different  and 
analyses  restricted  to  enlisted  groundcrew  were  not  conducted.  IgA  was  not  measured  in  1982  and  1985. 
These  results,  although  significant,  were  small  in  magnitude  and  their  clinical  significance  is  unknown. 

In  many  instances,  statistical  correlations  existed  between  immunologic  parameters  and  the  covariates 
age,  tobacco  use,  alcohol  consumption,  and  exercise.  Consequently,  it  is  important  to  account  for  this 
potential  source  of  variation  between  Ranch  Hands  and  Comparisons.  The  analysis  of  covariate 
associations  with  immunologic  variables  yielded  strong  findings,  especially  with  regard  to  current  and 
lifetime  cigarette  smoking.  Recent  work  has  demonstrated  the  particular  effect  of  tobacco  use  on  the 
immune  response  (53-57).  Current  and  lifetime  alcohol  use  showed  some  mild  associations,  while 
physical  activity  was  important  with  higher  lymphocyte  counts  and  populations  of  CD3+  cells  (T  cells), 
CD4+  cells  (helper  T  cells),  CD8+  cells  (suppressor  T  cells),  and  CD20+  cells  (B  cells)  in  the  more 
sedentary  individuals. 

In  summary,  these  findings  and  the  findings  from  past  examinations  do  not  provide  evidence  of  a 
clinically  meaningful  dose-response  effect  for  body  burden  of  dioxin  on  parameters  of  immunologic 
assessment.  The  statistically  significant  relations  emphasize  the  need  for  long-term  evaluation. 

17.4  SUMMARY 

The  immunologic  assessment  was  based  upon  data  gathered  from  laboratory  collections.  Associations 
with  group  (Model  1),  initial  dioxin  (Model  2),  categorized  dioxin  (Model  3),  and  1987  dioxin  levels 
(Model  4)  were  examined  for  each  variable  comprising  the  immunologic  assessment. 

17.4.1  Model  1:  Group  Analysis 

Model  1  analyses  revealed  significant  findings  for  both  the  unadjusted  and  adjusted  analyses  of 
CD  16+56+  cell  (natural  killer  cell)  count  and  for  the  MSK  smooth  muscle  antibody  test.  Each  significant 
result  was  in  the  enlisted  flyer  occupational  stratum.  The  mean  CD  16+56+  cell  count  was  greater  for 
Comparisons  than  for  Ranch  Hands,  and  a  greater  percentage  of  Comparisons  had  a  smooth  muscle 
antibody  present  than  Ranch  Hands.  Marginally  significant  findings  were  found  within  the  unadjusted 
examination  of  the  CD  16+56+  cell  count  when  all  occupations  were  combined,  where  the  mean 
CD  16+56+  cell  count  was  greater  for  Comparisons  than  for  Ranch  Hands.  This  association  was 
nonsignificant  when  adjusted  for  covariates.  Among  officers,  a  marginally  significant  difference  in  the 
percentage  of  the  participants  with  the  MSK  mitochondrial  antibody  present  was  found  in  the  adjusted 
analysis,  where  the  antibody  was  more  prevalent  among  Ranch  Hands  than  among  Comparisons.  The 
CD3+  cell  (T  cell)  count  mean  difference  for  enlisted  groundcrew  in  the  adjusted  analysis  was  marginally 
significant.  The  CD3+  cell  count  mean  was  higher  among  Comparisons  than  Ranch  Hands.  Results  for 
Model  1  analyses  are  summarized  in  Table  17-20. 
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Table  17-20.  Summary  of  Group  Analysis  (Model  1)  for  Immunology  Variables  (Ranch  Hands  vs. 
Comparisons) 


UNADJUSTED  :  | 

Officer 

Enlisted 

Flyer 

;  HI  Enlisted 
Oroundcrew 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

ns 

NS 

ns 

ns 

CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

NS 

ns 

ns 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

ns 

NS 

ns 

ns 

CD  16+56+  Cells  (Natural  Killer  Cells)  (C) 

ns* 

ns 

-0.018 

ns 

CD20+  Cells  (B  Cells)  (C) 

ns 

NS 

ns 

ns 

CD3+CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

NS 

ns 

ns 

Absolute  Lymphocytes  (C) 

ns 

NS 

ns 

ns 

IgA  (C) 

ns 

ns 

NS 

ns 

IgG(C) 

ns 

ns 

ns 

ns 

IgM  (C) 

ns 

ns 

ns 

ns 

Lupus  Panel:  ANA  Test  (D) 

NS 

ns 

NS 

NS 

Lupus  Panel:  ANA  Thyroid  Microsomal 

NS 

NS 

ns 

NS 

Antibody  (D) 

Lupus  Panel:  MSK  Smooth  Muscle 

NS 

NS 

-0.040 

NS 

Antibody  (D) 

Lupus  Panel:  MSK  Mitochondrial 

NS 

NS 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Parietal  Antibody  (D) 

NS 

NS 

ns 

ns 

Lupus  Panel:  Rheumatoid  Factor  (D) 

ns 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

-:  Relative  risk<1.00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial 
antibody  present. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


w -:'o  Vi 

ADJUSTED 

;;  ; ; 7;  :  7;: 

Variable 

i^HH! 

IliBlKilil 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

ns 

NS 

ns 

ns* 

CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

NS 

ns 

ns 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

ns 

NS 

ns 

ns 

CD  16+56+  Cells  (Natural  Killer  Cells)  (C) 

ns 

ns 

-0.011 

ns 

CD20+  Cells  (B  Cells)  (C) 

ns 

NS 

ns 

ns 

CD3+CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

NS 

ns 

ns 

Absolute  Lymphocytes  (C) 

ns 

NS 

ns 

ns 
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Table  17-20.  Summary  of  Group  Analysis  (Model  1)  for  Immunology  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 

All 

Officer 

Enlisted 

Flyer 

•  Eidisted|||| 
( §  Grouhdcrew 

IgA  (C) 

ns 

ns 

NS 

ns 

IgG  (C) 

ns 

ns 

ns 

ns 

IgM  (C) 

ns 

ns 

ns 

ns 

Lupus  Panel:  ANA  Test  (D) 

NS 

ns 

NS 

NS 

Lupus  Panel:  ANA  Thyroid  Microsomal 
Antibody  (D) 

NS 

NS 

ns 

NS 

Lupus  Panel:  MSK  Smooth  Muscle 

Antibody  (D) 

ns 

NS 

-0.045 

NS 

Lupus  Panel:  MSK  Mitochondrial 

Antibody  (D) 

NS 

NS* 

— 

— 

Lupus  Panel:  MSK  Parietal  Antibody  (D) 

NS 

NS 

ns 

ns 

Lupus  Panel:  Rheumatoid  Factor  (D) 

ns 

NS 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

Relative  riskcl.OO  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

— :  Analysis  not  performed  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial 
antibody  present. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


17.4.2  Model  2:  Initial  Dioxin  Analysis 

The  Model  2  analyses  revealed  a  significant  association  between  CD20+  cell  (B  cell)  count  and  initial 
dioxin  for  the  unadjusted  analysis  and  a  marginally  significant  association  for  the  adjusted  analysis.  The 
CD20+  cell  count  increased  as  initial  dioxin  increased.  The  association  between  initial  dioxin  and  the 
CD3+CD4+  cell  (helper  T  cells)  count  was  marginally  significant  in  the  adjusted  analysis,  and  the 
association  between  initial  dioxin  and  IgA  was  significant  in  the  adjusted  analysis.  The  CD3+CD4+  cell 
count  and  IgA  increased  as  initial  dioxin  increased.  The  association  between  initial  dioxin  and  the  MSK 
smooth  muscle  antibody  test  was  marginally  significant  in  both  the  unadjusted  and  adjusted  analyses. 
The  association  between  initial  dioxin  and  the  rheumatoid  factor  was  significant  in  the  unadjusted 
analysis.  For  both  the  MSK  smooth  muscle  antibody  and  the  rheumatoid  factor,  the  percentage  of  Ranch 
Hands  with  a  positive  reading  decreased  as  initial  dioxin  increased.  Results  for  Model  2  analyses  are 
summarized  in  Table  17-21. 
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Table  17-21.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Immunology  Variables  (Ranch 

Hands  Only) 

Variable 

Unadjusted 

Adjusted 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

NS 

NS 

CD4+  Cells  (Helper  T  Cells)  (C) 

NS 

NS 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

NS 

NS 

CD  16+56+  (Natural  Killer  Cells)  Cells  (C) 

ns 

ns 

CD20+  Cells  (B  Cells)  (C) 

+0.024 

NS* 

CD3+CD4+  Cells  (Helper  T  Cells)  (C) 

NS 

NS* 

Absolute  Lymphocytes  (C) 

NS 

NS 

IgA  (C) 

NS 

+0.046 

IgG(C) 

ns 

ns 

IgM  (C) 

NS 

ns 

Lupus  Panel:  ANA  Test  (D) 

NS 

NS 

Lupus  Panel:  ANA  Thyroid  Microsomal 

ns 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Smooth  Muscle  Antibody  (D) 

ns* 

ns* 

Lupus  Panel:  MSK  Mitochondrial  Antibody  (D) 

-0.034 

-0.049 

Lupus  Panel:  MSK  Parietal  Antibody  (D) 

ns 

ns 

Lupus  Panel:  Rheumatoid  Factor  (D) 

-0.033 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Slope  nonnegative  for  continuous  analysis. 

Relative  risk<1.00  for  discrete  analysis. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


17.4.3  Model  3:  Categorized  Dioxin  Analysis 

Results  for  Model  3  analyses  are  summarized  in  Table  17-22.  The  analysis  found  a  significantly  higher 
CD  16+56+  cell  (natural  killer  cell)  count  mean  among  Comparisons  than  Ranch  Hands  in  the  high  dioxin 
category  in  both  the  unadjusted  and  adjusted  analyses.  A  marginally  significant  smaller  percentage  of 
Ranch  Hands  in  the  high  dioxin  category  had  the  MSK  smooth  muscle  antibody  present  than  did 
Comparisons  in  the  unadjusted  analysis.  This  difference  between  Ranch  Hands  and  Comparisons  was 
significant  when  adjusted  for  covariates.  A  significantly  smaller  percentage  of  Ranch  Hands  in  the  high 
dioxin  category  had  a  positive  rheumatoid  factor  than  did  Comparisons  in  the  unadjusted  analysis.  This 
difference  between  Ranch  Hands  and  Comparisons  was  marginally  significant  when  adjusted  for 
covariates.  A  marginally  significant  difference  in  the  presence  of  the  MSK  parietal  antibody  among 
Ranch  Hands  in  the  low  dioxin  category  and  Comparisons  was  found  in  the  unadjusted  analysis.  The 
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percentage  of  participants  with  the  parietal  antibody  present  was  higher  among  Ranch  Hands  in  the  low 
dioxin  category  than  among  Comparisons.  After  adjustment  for  covariates,  the  results  were 
nonsignificant. 


Table  17-22.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Immunology  Variables  (Ranch 
Hands  vs.  Comparisons) 

:  UNADJUSTED 

BackgrpUnii  5 

Ranch  Hands 

>*;  .  Low :: :  (  - :  * 

Sk®  High 

. .  |  LavLplusHighM 

Ranch  Hands 

Ranch  Hands 

{ Ranch  Hands  k > 

vs.  Comparisons 

f  vs.  Comparisoiis 

vs.  Comparisons  { 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

ns 

ns 

ns 

ns 

CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

ns 

NS 

ns 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

ns 

ns 

ns 

ns 

CD  16+56+  Cells  (Natural  Killer  Cells)  (C) 

ns 

NS 

-0.028 

ns 

CD20+  Cells  (B  Cells)  (C) 

ns 

ns 

NS 

ns 

CD3+CD4+  Cells  (T  Helper  Cells)  (C) 

ns 

ns 

NS 

ns 

Absolute  Lymphocytes  (C) 

NS 

ns 

NS 

ns 

IgA  (C) 

ns 

ns 

NS 

NS 

IgG  (C) 

ns 

ns 

ns 

ns 

IgM  (C) 

ns 

ns 

ns 

ns 

Lupus  Panel:  ANA  Test  (D) 

NS 

ns 

NS 

ns 

Lupus  Panel:  ANA  Thyroid  Microsomal 

NS 

NS 

ns 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Smooth  Muscle 

NS 

NS 

ns* 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Mitochondrial 

NS 

NS 

ns 

NS 

Antibody  (D) 

Lupus  Panel:  MSK  Parietal  Antibody  (D) 

ns 

NS* 

ns 

NS 

Lupus  Panel:  Rheumatoid  Factor  (D) 

NS 

NS 

-0.032 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

-:  Relative  risk<1.00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 
P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  17-22.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Immunology 
Variables  (Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


Variable 

Background 

iisiifciiin 

Comparisons 

tlifilfli  1 

Ranch  Hands 
vs.  Comparisons 

High 

Ranch  Hands 
vs.  Comparisons 

Low  plus  High 
Ranch  Hands  | 
vs.  Comparisons 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

ns 

ns 

ns 

ns 

CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

ns 

ns 

ns 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

ns 

ns 

ns 

ns 

CD  16+56+  Cells  (Natural  Killer  Cells)  (C) 

ns 

NS 

-0.046 

ns 

CD20+  Cells  (B  Cells)  (C) 

NS 

ns 

ns 

ns 

CD3+CD4+  Cells  (Helper  T  Cells)  (C) 

ns 

ns 

ns 

ns 

Absolute  Lymphocytes  (C) 

NS 

ns 

ns 

ns 

IgA  (C) 

ns 

ns 

NS 

NS 

IgG(C) 

ns 

ns 

ns 

ns 

IgM  (C) 

ns 

ns 

ns 

ns 

Lupus  Panel:  ANA  Test  (D) 

NS 

ns 

NS 

ns 

Lupus  Panel:  ANA  Thyroid  Microsomal 

NS 

NS 

ns 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Smooth  Muscle 

NS 

NS 

-0.048 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Mitochondrial 

NS 

NS 

Antibody  (D) 

Lupus  Panel:  MSK  Parietal  Antibody 

ns 

NS 

ns 

NS 

(D) 

Lupus  Panel:  Rheumatoid  Factor  (D) 

NS 

NS 

ns* 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

-:  Relative  risk<1.00  for  discrete  analysis;  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  performed  because  of  the  sparse  number  of  participants  with  the  MSK  mitochondrial 
antibody  present. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


17.4.4  Model  4:  1987  Dioxin  Level  Analysis 

The  Model  4  adjusted  analyses  uncovered  significant  associations  between  1987  dioxin  levels  and  CD3+ 
cell  (T  cell)  count,  CD4+  cell  (helper  T  cell)  count,  and  CD3+CD4+  cell  (helper  T  cell)  count.  The  cell 
counts  increased  as  1987  dioxin  increased.  Marginally  significant  associations  with  1987  dioxin  levels 
were  found  in  the  unadjusted  analyses  of  IgA  and  MSK  smooth  muscle  antibody.  The  IgA  association 
showed  an  increase  in  IgA  levels  as  1987  dioxin  increased.  The  percentage  of  Ranch  Hands  with  a 
smooth  muscle  antibody  present  decreased  as  1987  dioxin  levels  increased.  The  unadjusted  analyses  of 
the  rheumatoid  factor  were  significant,  showing  a  decrease  in  the  percentage  of  participants  with  a 
rheumatoid  factor  present  as  1987  dioxin  levels  increased.  All  the  significant  or  marginally  significant 
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associations  found  in  the  unadjusted  analyses  were  nonsignificant  in  the  adjusted  analyses.  Results  for 
Model  4  analyses  are  summarized  in  Table  17-23. 


Table  17-23.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Immunology  Variables  (Ranch 
Hands  Only) 


l  Unadjusted  J|  |:|  § 

ilPlliSil  Adjusted  llllfStll 

Laboratory 

CD3+  Cells  (T  Cells)  (C) 

NS 

+0.046 

CD4+  Cells  (Helper  T  Cells)  (C) 

NS 

+0.033 

CD8+  Cells  (Suppressor  T  Cells)  (C) 

NS 

NS 

CD  16+56+  Cells  (Natural  Killer  Cells)  (C) 

NS 

ns 

CD20+  Cells  (B  Cells)  (C) 

NS 

NS 

CD3+CD4+  (Helper  T  Cells)  Cells  (C) 

NS 

+0.025 

Absolute  Lymphocytes  (C) 

NS 

NS 

IgA  (C) 

NS* 

NS 

IgG  (C) 

NS 

ns 

IgM  (C) 

ns 

ns 

Lupus  Panel:  ANA  Test  (D) 

ns 

ns 

Lupus  Panel:  ANA  Thyroid  Microsomal 

ns 

ns 

Antibody  (D) 

Lupus  Panel:  MSK  Smooth  Muscle  Antibody  (D) 

ns* 

ns 

Lupus  Panel:  MSK  Mitochondrial  Antibody  (D) 

ns 

ns 

Lupus  Panel:  MSK  Parietal  Antibody  (D) 

NS 

NS 

Lupus  Panel:  Rheumatoid  Factor  (D) 

-0.010 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Slope  nonnegative  for  continuous  analysis. 

-:  Relative  riskcl  .00  for  discrete  analysis. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


17.5  CONCLUSION 

The  immunologic  assessment  was  based  upon  laboratory  data  on  six  lymphocyte  cell  surface  markers, 
absolute  lymphocyte  counts,  three  quantitative  immunoglobulins,  and  six  measurements  from  an 
autoantibody  panel.  The  six  cell  marker  measurements  were  carried  out  on  a  random  sample  of 
approximately  40  percent  of  the  participants  because  of  the  complexity  of  the  assay  and  the  expense  of 
the  tests. 

Group  analyses  revealed  significant  findings  for  the  adjusted  analyses  of  CD  16+56+  cell  (natural  killer 
cell)  count  and  for  the  MSK  smooth  muscle  antibody  test  in  enlisted  flyers.  Among  enlisted  flyers,  the 
mean  CD  16+56+  cell  count  was  greater  for  Comparisons  than  for  Ranch  Hands,  and  a  greater  percentage 
of  Comparisons  than  Ranch  Hands  had  a  smooth  muscle  antibody  present.  For  these  analyses  the 


17-72 


magnitude  of  the  mean  differences  was  small;  therefore,  the  clinical  importance  of  these  findings  is 
unknown. 

Consistent  with  the  previous  two  physical  examinations,  the  mean  serum  concentration  of  IgA  increased 
significantly  with  initial  dioxin,  but  was  not  significantly  increased  in  enlisted  groundcrew  or  the  high 
dioxin  category;  IgA  did  not  increase  significantly  with  1987  dioxin.  The  IgA  results,  although 
significant,  were  small  in  magnitude  and  their  clinical  significance  is  unknown. 

When  comparing  categorized  dioxin  levels  between  Ranch  Hands  and  Comparisons,  a  significantly 
higher  CD  16+56+  cell  count  mean  was  observed  among  Comparisons  than  among  Ranch  Hands  in  the 
high  dioxin  category.  Analyses  revealed  significant  associations  between  1987  dioxin  levels  and  CD3+ 
cell  (T  cell)  count,  CD4+  cell  (helper  T  cell)  count,  and  CD3+CD4+  cell  (helper  T  cell)  count.  The  cell 
counts  increased  as  1987  dioxin  increased. 

In  summary,  these  findings  do  not  provide  evidence  of  a  biologically  meaningful  relation  between  body 
burden  of  dioxin  and  parameters  of  immunologic  assessment.  The  statistically  significant  relations  point 
out  the  need  for  long-term  evaluation. 
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18  PULMONARY  ASSESSMENT 


18.1  INTRODUCTION 

18. LI  Background 

Apart  from  irritative  tracheo-bronchial  symptoms  occurring  consequent  to  industrial  accidents,  there  is  no 
evidence  that  the  human  lung  is  a  target  organ  for  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin)  toxicity. 

A  single  case  of  hypersensitivity  pneumonitis  was  described  in  a  Vietnam  veteran  occupationally  exposed 
to  herbicides  (1).  The  respiratory  failure  that  has  been  reported  in  rare  cases  of  extreme  phenoxy 
herbicide  intoxication  appears  to  be  related  to  central  nervous  system  depression  rather  than  primary 
pneumotoxicity  (2, 3). 

Research  into  the  pulmonary  toxicity  of  dioxin  in  laboratory  animals  has  focused  on  the  physicochemical 
properties  of  the  cytosolic  aryl  hydrocarbon  (Ah)  receptor  and  the  carcinogenic  potential  of  the 
cytochrome  P-450  enzyme  system  in  mice  (4),  rats  (5, 6),  and  rabbits  (7-12).  Although  these  studies 
have  demonstrated  that  dioxin  enhances  the  activity  of  cytochrome  P-450  and  of  aryl  hydrocarbon 
hydroxylase  in  respiratory  tract  epithelium,  the  relevance  to  the  development  of  lung  disease  in  humans  is 
uncertain. 

Other  lines  of  research  have  heightened  interest  in  the  possibility  that  dioxin  might  cause  pneumotoxicity 
in  humans.  In  one  study  (13),  cytosol  preparations  were  examined  from  human  lung  tissue  specimens 
obtained  at  surgery.  Only  10  of  53  specimens  had  detectable  Ah  receptors  that  were  present  at 
concentrations  far  less  (10  to  30  percent)  than  those  found  in  lung  cytosols  from  laboratory  animals.  In 
mice,  the  induction  of  cytochrome  P-450  enzymes  by  dioxin  in  lung  was  found  similar  to  that  in  liver 
(14).  In  rats  (15,  16),  the  intratracheal  administration  of  dioxin  was  associated  with  significant  dose- 
related  increases  in  hepatic  enzymes  as  well,  establishing  the  transpulmonary  absorption  of  dioxin  and  the 
potential  for  pneumotoxicity. 

Lung  disease  has  been  included  infrequently  as  a  clinical  endpoint  in  epidemiological  studies  of  humans 
exposed  to  phenoxy  herbicides.  In  one  report  (17),  standard  pulmonary  function  tests  were  included  in 
clinical  examinations  of  367  employees  30  years  after  a  chemical  industrial  explosion  associated  with 
high  level  exposure  to  2,4,5-trichlorophenoxyacetic  acid  (2,4,5-T)  and,  by  contamination,  to  dioxin. 
Although  tissue  levels  of  dioxin  were  not  available,  55  percent  of  the  exposed  cohorts  developed 
chloracne,  reflecting  the  severity  of  exposure.  The  prevalence  of  abnormal  chest  radiographs  was  similar 
in  the  exposed  and  unexposed  cohorts.  Significant  reductions  in  dynamic  indices  of  lung  function  were 
limited  to  cigarette  smokers.  In  this  sub-cohort,  a  significant  reduction  in  forced  expiratory  volume  at  one 
second  (FEVi)  was  noted,  as  was  a  reduction  in  forced  vital  capacity  (FVC).  Even  after  adjustment  for 
cumulative  cigarette  use,  the  predicted  means  for  FEVi,  FVC,  and  the  derived  index,  FEVi/FVC,  were 
significantly  reduced  in  the  exposed  cohort  relative  to  controls.  These  results  raise  the  possibility  that 
cigarette  use  may  sensitize  the  lungs  and  make  them  more  vulnerable  as  a  target  organ  for  dioxin  toxicity. 

In  a  more  recent  occupational  morbidity  study  conducted  by  the  National  Institute  of  Occupational  Safety 
and  Health  (NIOSH)  (18) — one  of  the  first  to  include  tissue  levels  of  dioxin  in  the  analyses — the 
prevalence  of  two  chronic  pulmonary  diseases,  emphysema  and  chronic  bronchitis,  was  determined  in 
281  workers  exposed  to  dioxin  for  15  years  in  two  chemical  production  factories  and  compared  with  260 
unexposed  controls.  The  clinical  examination  protocol  was  similar  to  the  one  used  in  the  current  Air 
Force  Health  Study  (AFHS)  and  included  dynamic  indices  of  lung  function  (FEVi,  FVC,  and  FEVi /FVC) 
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and,  on  the  physical  examination,  nine  abnormalities  of  the  thorax  and  lungs.  These  nine  abnormalities 
were  asymmetric  chest  excursion,  abnormal  chest  shape,  abnormal  chest  expansion,  hyperresonant  lungs, 
dullness  to  percussion,  diminished  breath  sounds,  crackles  on  auscultation,  wheezes  on  auscultation,  and 
pleural  friction  rub.  The  body  burden  of  dioxin  was  determined  by  serum  dioxin  levels:  mean  level  of 
220  parts  per  trillion  (ppt)  in  the  exposed  cohort  versus  7  ppt  in  the  controls.  In  contrast  to  the  results 
cited  above,  the  incidence  of  chronic  lung  disease  and  the  prevalence  of  abnormal  physical  findings  and 
pulmonary  function  tests  were  similar  in  the  exposed  and  control  groups. 

Although  several  animal  experiments  have  documented  the  occurrence  of  lung  cancers  associated  with 
dioxin  toxicity  in  rats  (19,  20),  mice  (21),  and  monkeys  (22),  numerous  large-scale  epidemiological 
studies  in  humans  exposed  occupationally  (23,  24),  as  a  consequence  of  industrial  accidents  (25-27)  or 
during  military  service  (28-35),  found  no  increase  in  the  occurrence  of  lung  cancer  in  populations  at  risk. 
In  another  large  retrospective  occupational  study  conducted  by  NIOSH,  mortality  associated  with  cancers 
of  the  respiratory  tract  was  significantly  increased,  but  only  in  a  sub-cohort  of  workers  with  more  than 
one  year  exposure  and  greater  than  20  years  of  latency  (36). 

In  one  report,  Marine  veterans  who  served  in  Vietnam  were  found  to  be  at  increased  risk  for  the 
development  of  lung  cancer  (37).  A  subsequent  proportionate  mortality  study  conducted  by  the  Veterans’ 
Administration  reviewed  the  data  and  concluded  that  the  apparent  increase  in  risk  might  have  been  related 
to  a  lower  than  expected  mortality  from  lung  cancer  in  the  control  group  of  Marines  who  did  not  serve  in 
Vietnam  (38). 

In  the  1987  AFHS  examinations,  Ranch  Hand  participants  were  more  likely  than  Comparisons  to  have 
abnormalities  of  the  thorax  and  lungs  (39).  This  finding  also  was  seen  in  the  1992  examination  (40). 
Differences  between  Ranch  Hands  and  Comparisons  were  not  seen  in  the  laboratory  measurements  in 
1987  or  1992.  In  both  examinations,  a  slight  reduction  in  FVC  and,  as  a  consequence,  an  increase  in  the 
FEVj  to  FVC  ratio  were  noted  in  association  with  increasing  serum  dioxin  levels.  Although  consistent 
with  a  subtle  dose-response  effect,  the  differences  in  the  means  were  too  small  to  be  physiologically 
meaningful. 

18.1.2  Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
18.1.2.1  1982  Baseline  Study  Summary  Results 

The  1982  baseline  examination  explored  historical  pulmonary  disease  by  questionnaire  and  active 
pulmonary  function  by  standardized  spirometric  technique.  These  areas  were  of  significant  interest 
because  of  reported  operational  inhalation  of  Herbicide  Orange  by  some  Ranch  Hand  enlisted  flyers  and 
enlisted  groundcrew. 

The  questionnaire  revealed  no  group  differences  for  historical  diagnoses  of  tuberculosis  and  fungal 
infections,  pneumonia,  cancer,  or  chronic  sinusitis  and  upper  respiratory  disease.  At  the  physical 
examination,  the  Ranch  Hand  and  Comparison  unadjusted  means  for  FEVi  (percent  predicted),  FVC,  and 
the  ratio  of  FEVj  to  FVC  were  similar.  Adjusted  mean  values  were  not  calculated  because  of  significant 
interactions  (group-by-age  for  FEV!  and  FVC,  group-by-smoking  for  the  ratio  of  FEV,  to  FVC). 

Exposure  analyses  showed  two  significant  associations  in  the  enlisted  flyer  and  enlisted  groundcrew 
strata,  but  neither  was  indicative  of  a  linear  dose-response.  Attempts  to  adjust  the  means  of  the 
pulmonary  function  values  for  age  and  smoking  revealed  several  interactions,  but  the  results  were 
essentially  negative.  Overall,  there  were  no  pulmonary  diseases,  pulmonary  function  data,  or  associations 
of  concern. 
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18.1.2.2  1 985  Follow-up  Study  Summary  Results 

Because  of  the  lack  of  significant  results  from  the  pulmonary  analyses  from  the  baseline  examination, 
pulmonary  function  (spirometric)  studies  were  not  performed  during  the  1985  follow-up  examination. 
Collection  of  pulmonary  data  was  limited  to  a  questionnaire  history  of  respiratory  disease,  physical 
examination  of  the  thorax  and  lungs,  and  pulmonary  abnormalities  detected  on  a  routine  chest  x  ray. 
Mortality  because  of  respiratory  disease  also  was  evaluated. 

There  were  no  significant  group  differences  found  for  reported  history  of  asthma,  bronchitis,  pleurisy,  or 
tuberculosis  based  on  the  unadjusted  analyses.  Adjustments  for  age  and  lifetime  smoking  did  not  alter  the 
findings  of  group  similarity,  although  there  was  a  significant  group-by-lifetime  smoking  interaction  for 
pleurisy  and  tuberculosis.  Ranch  Hands  who  were  moderate  lifetime  smokers  (up  to  10  pack-years)  had  a 
significantly  increased  incidence  of  pleurisy  and  tuberculosis  than  did  Comparisons  who  were  moderate 
lifetime  smokers. 

Similarly,  there  were  no  significant  group  differences  in  the  unadjusted  analyses  for  the  radiological  and 
clinical  respiratory  findings  of  thorax  and  lungs,  asymmetrical  expansion,  hyperresonance,  dullness, 
wheezes,  rales,  and  x-ray  interpretations.  These  findings  were  supported  by  the  adjusted  analyses.  Also, 
the  exposure  index  analyses  revealed  no  consistent  dose-response  pattern. 

18. 1.2.3  1987  Follow-up  Study  Summary  Results 

The  pulmonary  assessment  was  based  on  five  self-reported  respiratory  illnesses,  seven  clinical 
observations,  and  eight  laboratory  measurements.  The  self-reported  illnesses  were  based  on  participant- 
reported  responses  to  the  personal  history  form  and  the  health  history  questionnaire.  No  evidence  of  an 
herbicide  effect  was  detected  in  the  assessment  of  the  reported  respiratory  illnesses.  The  health  of  the  two 
groups  was  comparable  based  on  the  clinical  and  laboratory  variables,  although  Ranch  Hands  had  a 
significantly  higher  percentage  of  thorax  and  lung  abnormalities  on  examination  than  did  Comparisons, 
based  on  the  unadjusted  analysis,  and  a  marginally  higher  percentage  after  adjustment  for  covariates.  No 
significant  group  differences  were  detected  in  the  adjusted  analyses  when  comparing  all  Ranch  Hands 
with  all  Comparisons.  Exploration  of  interactions  did  not  reveal  a  consistent  pattern  indicating  an 
herbicide  effect.  The  adverse  effects  of  smoking  on  pulmonary  status  were  evident  in  all  analyses. 

18.1.2.4  Serum  Dioxin  Analysis  of 1987  Follow-up  Study  Summary  Results 

In  general,  there  was  no  association  between  initial  dioxin  levels  and  the  discrete  variables.  For  the 
continuous  variables,  there  appeared  to  be  a  negative  association  with  initial  dioxin.  The  associations 
with  current  dioxin  did  not  differ  significantly  between  the  two  time  strata  for  any  of  the  variables.  In  the 
categorized  current  dioxin  analyses,  the  percentage  of  abnormalities  did  not  differ  significantly  among  the 
four  current  dioxin  categories  for  any  of  the  questionnaire  and  physical  examination  variables,  except 
under  the  adjusted  analysis  of  thorax  and  lung  abnormalities.  In  this  case.  Ranch  Hands  in  the  low  and 
high  categories  had  a  higher  percentage  of  abnormalities  than  did  Comparisons  in  the  background 
category;  but  Ranch  Hands  in  the  unknown  category  had  a  lower  percentage  of  abnormalities  than  did 
Comparisons  in  the  background  category.  For  the  continuous  variables,  the  means  differed  among  the 
current  dioxin  categories.  For  FVC,  FEVi,  and  forced  expiratory  flow  maximum  (FEFmax),  the  mean  for 
the  Ranch  Hands  in  the  unknown  category  tended  to  be  greater  than  the  mean  for  the  Comparisons  in  the 
background  category,  but  the  means  for  the  low  and  high  categories  were  less  than  the  mean  for  the 
background  category.  In  the  analysis  of  the  ratio  of  observed  FEVj  to  observed  FVC,  this  trend  was 
reversed. 

In  the  longitudinal  analysis  of  the  ratio  of  observed  FEVi  to  observed  FVC,  there  was  a  significant 
positive  association  with  current  dioxin  and  a  significant  difference  among  the  current  dioxin  categories, 
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with  the  mean  increase  from  1982  to  1987  in  the  high  category  greater  than  the  mean  increase  from  1982 
to  1987  in  the  background  category. 

In  summary,  the  historical,  physical  examination,  and  laboratory  data  analyzed  in  the  1987  serum  dioxin 
follow-up  study  revealed  no  evidence  for  an  increased  occurrence  of  pulmonary  disease  in  the  Ranch 
Hand  cohort  in  relation  to  the  body  burden  of  dioxin.  Analysis  of  two  laboratory  variables,  FVC  and  the 
ratio  of  observed  FEV  i  to  observed  FVC,  yielded  results  that  were  consistent  with  subtle  dose-response 
effects  related  to  the  body  burden  of  dioxin  in  Ranch  Hands.  Body  habitus  and,  more  specifically,  body 
fat  might  have  played  a  role  in  these  associations  between  dioxin  and  pulmonary  function  indices. 

18.1.2.5  1992  Follow-up  Study  Summary  Results 

For  the  medical  records  and  physical  examination  pulmonary  variables,  the  group  analysis  revealed 
significant  relations  for  bronchitis  and  thorax  and  lung  abnormalities  only.  For  enlisted  flyers, 
significantly  more  Ranch  Hands  than  Comparisons  had  bronchitis  and  thorax  and  lung  abnormalities. 

The  initial  dioxin,  categorized  dioxin,  and  current  dioxin  analyses  for  these  variables  did  not  confirm  a 
dioxin  dose-response  relation. 

For  the  laboratory  variables,  a  statistically  significant  inverse  relation  was  revealed  between  percent  of 
predicted  FVC  and  initial  and  current  dioxin  for  Ranch  Hands.  When  Ranch  Hands  were  contrasted  with 
Comparisons,  no  significant  differences  were  detected.  Also,  the  analysis  of  the  ratio  of  observed  FEVi 
to  observed  FVC  within  Ranch  Hands  revealed  a  significant  direct  relation  with  initial  dioxin  indicating 
that  the  ratio  increases  (becomes  closer  to  1)  for  increasing  levels  of  initial  dioxin,  which  may  have  been 
due  to  the  diminishing  magnitude  of  FVC  in  the  denominator  of  the  ratio. 

In  the  longitudinal  analysis  of  the  ratio  of  observed  FEV]  to  observed  FVC,  there  was  a  significant  group 
difference  for  the  enlisted  flyers.  The  Ranch  Hand  enlisted  flyers  had  a  larger  decrease  in  the  ratio 
between  1982  and  1992  than  did  the  Comparison  enlisted  flyers. 

In  summary,  the  historical,  physical  examination,  and  laboratory  data  analyzed  for  this  assessment 
revealed  no  consistent  evidence  of  an  increased  prevalence  of  pulmonary  disease  in  the  Ranch  Hand 
cohort  in  relation  to  body  burden  of  dioxin. 

18.1.3  Parameters  for  the  1 997  Pulmonary  Assessment 
18.1.3.1  Dependent  Variables 

The  pulmonary  assessment  was  based  on  questionnaire,  physical  examination,  and  laboratory  data 
collected  at  the  1997  follow-up  examination. 


18. 1.3. 1. 1  Medical  Records  Data 

In  the  self-administered  family  and  personal  history  section,  each  study  participant  was  asked  whether  he 
had  ever  experienced  asthma,  bronchitis,  or  pneumonia.  The  following  International  Classification  of 
Diseases,  9*  Revision,  Clinical  Modification  (ICD-9-CM)  codes  were  used:  asthma:  493.0-493.9; 
bronchitis:  466.0-466.1,  490, 491.0-491.9, 494;  and  pneumonia:  480.0-486, 487.0.  This  self-reported 
information  was  combined  with  information  from  the  1997  physical  examination;  the  1985,  1987,  and 
1992  follow-up  questionnaires  and  physical  examinations;  and  the  baseline  questionnaire  and 
examination  and,  subsequently,  was  verified  by  a  review  of  the  participant’s  medical  records.  These  three 
variables  were  individually  analyzed  as  measures  of  the  pulmonary  health  status  of  each  participant. 
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Participants  with  occurrences  of  asthma,  bronchitis,  or  pneumonia  before  duty  in  Southeast  Asia  (SEA) 
were  excluded  from  the  analyses  of  the  respective  variables. 


18.L3.L2  Physical  Examination  Data 

Part  of  the  pulmonary  assessment  was  based  on  the  results  of  the  physical  examination  of  the  thorax  and 
lungs.  A  composite  variable,  thorax  and  lung  abnormalities,  was  constructed  based  on  the  presence  or 
absence  of  asymmetrical  expansion,  hyperresonance,  dullness,  wheezes,  rales,  or  chronic  obstructive 
pulmonary  disease,  as  well  as  the  physician’s  assessment  of  abnormality.  This  variable  was  coded  as 
“abnormal”  if  any  of  these  conditions  was  present  and  “normal”  if  none  of  these  conditions  was  present. 
No  participants  were  excluded  for  medical  reasons  from  the  analysis  of  this  variable. 


18.1.3.1.3  Laboratory  Examination  Data 

The  assessment  of  the  laboratory  examination  data  included  the  analysis  of  pulmonary  abnormalities 
detected  on  a  routine  chest  x  ray.  This  variable  was  coded  as  “normal”  or  “abnormal.”  The  assessment 
also  included  the  analysis  of  pulmonary  physiologic  data  collected  during  the  physical  examination 
employing  standard  spirometric  techniques.  Numerous  indices  were  derived,  including  FVC — a 
measurement  of  the  amount  of  air  in  liters  expelled  from  maximum  inspiration  to  full  expiration — and 
FEV i  in  liters,  an  index  derived  from  the  FVC  that  quantifies  the  amount  of  air  expelled  at  1  second.  The 
values  used  for  these  variables  were  the  percentages  of  predicted  values  rather  than  the  actual  volume  or 
flow  rate.  The  calculations  of  these  percentages  included  an  adjustment  for  age  and  height,  as  prescribed 
by  the  American  Thoracic  Society.  The  laboratory  used  the  same  predictive  values  regardless  of  race. 

For  these  indices,  lower  values  indicated  greater  compromise  in  the  lung  function.  In  addition,  the  ratio 
of  observed  FEVi  to  observed  FVC  was  calculated  as  an  index  reflective  of  obstructive  airway  disease. 
These  variables  were  analyzed  as  continuous  variables. 

Loss  of  vital  capacity  and  obstructive  abnormality  were  classified  by  the  examiner  as  none,  mild, 
moderate,  or  severe  and  were  analyzed  as  part  of  the  pulmonary  assessment.  Results  judged  to  be 
between  none  and  mild  were  classified  as  “mild”  for  all  analyses.  A  similar  methodology  was  used  for 
results  between  mild  and  moderate  (i.e.,  classified  as  “moderate”)  and  between  moderate  and  severe  (i.e., 
classified  as  “severe”).  Because  of  the  low  frequencies  in  the  moderate  and  severe  categories,  these  two 
categories  were  combined  in  the  analysis  of  loss  of  vital  capacity.  No  participants  were  excluded  for 
medical  reasons  from  the  analysis  of  these  variables. 

As  a  guideline  for  categorizing  loss  of  vital  capacity  and  obstructive  abnormality,  the  following  percent 
reductions  in  the  FVC  and  FEVi/FVC,  respectively,  were  used: 

•  Mild:  70-100% 

•  Moderate:  60-69% 

•  Moderately  severe:  50-59% 

•  Severe:  34-49% 

•  Very  severe:  <34%. 

These  categorizations  are  based  on  American  Thoracic  Society  criteria  (41).  The  percent  reductions  in 
the  FVC  and  the  FEVi/FVC  were  based  on  the  percent  of  predicted  values,  which  were  adjusted  for  age 
and  height. 
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18.1.3.2  Covariates 


The  effects  of  age,  race,  military  occupation,  current  cigarette  smoking  (cigarettes/day),  lifetime  cigarette 
smoking  history  (pack-years),  body  fat  (percent),  and  exposure  to  industrial  chemicals  (yes,  no)  were  used 
in  adjusted  statistical  analyses  evaluating  the  pulmonary  dependent  variables.  Current  cigarette  smoking 
was  used  as  a  covariate  for  the  physical  examination  and  laboratory  variables  only.  The  current  level  of 
cigarette  smoking  was  not  appropriate  as  a  risk  factor  for  an  endpoint  based  on  post-SEA  history. 

Lifetime  cigarette  smoking  history  was  used  to  investigate  the  cumulative  effects  of  cigarette  smoking  on 
these  endpoints. 

Age,  race,  and  occupation  were  determined  from  military  records.  Current  cigarette  smoking  and  lifetime 
cigarette  smoking  history  were  based  on  questionnaire  data.  For  lifetime  cigarette  smoking  history,  the 
respondent’s  average  smoking  was  estimated  over  his  lifetime  based  on  his  responses  to  the  1997 
questionnaire,  with  1  pack-year  defined  as  365  packs  of  cigarettes  smoked  during  a  single  year.  The 
participant’s  lifetime  exposure  through  1992  to  industrial  chemicals  was  updated  with  information 
reported  in  the  1997  questionnaire. 

Body  fat  was  calculated  from  a  metric  body  mass  index  (42);  the  formula  is 

Body  Fat  (in  percent)  = .  Weight  (kg)  #  1.264-13.305. 

[Height  (m)] 

For  purposes  of  covariate  associations  for  discrete  dependent  variables,  body  fat  was  dichotomized  as 
“lean  or  normal”  (<25  percent)  and  “obese”  (>25  percent). 

1 8 . 1 .4  Statistical  Methods 


Table  18-1  summarizes  the  statistical  analyses  performed  for  the  pulmonary  assessment.  The  first  part  of 
this  table  lists  the  dependent  variables  analyzed,  source  of  the  data,  form  of  the  data,  cutpoints,  covariates, 
and  statistical  methods.  The  second  part  of  the  table  further  describes  the  covariates.  A  covariate  was 
used  in  its  continuous  form  whenever  possible  for  all  adjusted  analyses;  if  the  covariate  was  inherently 
discrete  (e.g.,  military  occupation),  or  if  a  categorized  form  was  needed  to  develop  measures  of 
association  with  the  dependent  variables,  the  co variate  was  categorized  as  shown  in  Table  18-1.  Table 
18-2  provides  a  summary  of  participants  with  missing  dependent  variable  and  covariate  data.  In  addition, 
the  number  of  participants  excluded  because  of  pre-SEA  conditions  is  given. 


Table  18-1.  Statistical  Analysis  for  the  Pulmonary  Assessment 


Dependent  Variables 


|gj 1;  1 1 1 

ij|§|  j 

^  Source  -  ; 

Form 

Cutppihts  >  tTj. 

HI  Coyariate^*  x 

“I  texciij|i'onsb 

||pi|ii|ipl|i 

Asthma 

MR-V 

D 

Yes 

(i) 

(a) 

U:LR 

No 

A:LR 

Bronchitis 

MR-V 

D 

Yes 

a) 

(a) 

U:LR 

No 

A:LR 

Pneumonia 

MR-V 

D 

Yes 

(i) 

(a) 

U:LR 

No 

A:LR 
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Table  18-1.  Statistical  Analysis  for  the  Pulmonary  Assessment  (Continued) 


Variable  (Units) 

Data 

.n:  'Spur^l'l 

Data 

Outpoints 

Covariates? 

Exclusions'’ 

Statistical 
Analysis  and  I 
Methods 

Thorax  and  Lung 
Abnormalities 

PE 

D 

Yes 

No 

(2) 

None 

U:LR 

A:LR 

X-ray  Interpretation 

LAB 

D 

Abnormal 

Normal 

(2) 

None 

U:LR 

A:LR 

Forced  Vital  Capacity 
(FVC)  (percent  of  predicted) 

LAB 

C 

— 

(2) 

None 

U:GLM 

A:GLM 

Forced  Expiratory  Volume 
in  1  Second  (FEVi) 

(percent  of  predicted) 

LAB 

C 

' 

(2) 

None 

U:GLM 

A:GLM 

Ratio  of  Observed  FEV!  to 
Observed  FVC 

LAB 

C 

(2) 

None 

U:GLM 

A:GLM 

L:GLM 

Loss  of  Vital  Capacity 

LAB 

D 

Moderate/Severe 

Mild 

None 

(2) 

None 

U:PR 

A:PR 

Obstructive  Abnormality 

LAB 

D 

Severe 

Moderate 

Mild 

None 

(2) 

None 

U:PR 

A:PR 

aCo  variates: 

(1) :  age,  race,  military  occupation,  lifetime  cigarette  smoking  history,  body  fat,  exposure  to  industrial  chemicals. 

(2) :  age,  race,  military  occupation,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  body  fat,  exposure 
to  industrial  chemicals. 

Exclusions: 

(a):  participants  with  a  pre-SEA  history  of  the  disorder. 


Covariates 


H p  1 1 1 1  VariabIe(Units)  j|  |g§]i| 

Data  Source 

;||j .  Data  Form  J  §|f || 

uli*  V'-f,  Cutpoints  7  apsj 

Age  (years) 

MIL 

D/C 

Born>1942 

Born<1942 

Race 

MIL 

D 

Black 

Non-Black 

Occupation 

MIL 

D 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

Current  Cigarette  Smoking 

Q-SR 

D/C 

O-Never 

(cigarettes/day) 

0-Former 

>0-20 

>20 

Lifetime  Cigarette  Smoking 

Q-SR 

D/C 

0 

History  (pack-years) 

>0-10 

>10 
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Table  18-1.  Statistical  Analysis  for  the  Pulmonary  Assessment  (Continued) 


Variable  (Units) 

||| §f|  Data  Source  | '  | 

Data  Form 

Cutpoints 

Body  Fat  (percent) 

PE 

D/C 

Lean  or  Normal:  <25% 

Obese:  >25% 

Industrial  Chemicals  Exposure 

Q-SR 

D 

Yes 

No 

Abbreviations 


Data  Source:  LAB:  1997  laboratory  results 

MIL:  Air  Force  military  records 
MR-V:  Medical  records  (verified) 

PE:  1997  physical  examination 

Q-SR:  Health  questionnaires  (self-reported) 

Data  Form:  C:  Continuous  analysis  only 

D:  Discrete  analysis  only 

D/C:  Appropriate  form  for  analysis  (either  discrete  or  continuous) 

Statistical  Analysis:  U:  Unadjusted  analysis 
A:  Adjusted  analysis 
L:  Longitudinal  analysis 


Statistical  Methods:  GLM:  General  linear  models  analysis 
LR:  Logistic  regression  analysis 
PR:  Polytomous  logistic  regression  analysis 


Table  18-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  the  Pulmonary  Assessment 


Group  4  " 

Dioxin 

(Ranch  Hands  Only) 

Variable 

Use 

Ranch 

Hand 

Comparison 

Initial 

1987  | 

i  Ranch 

X-ray  Interpretation 

DEP 

2 

0 

2 

2 

2 

0 

FVC 

DEP 

1 

2 

1 

1 

1 

2 

FEVj 

DEP 

1 

2 

1 

1 

1 

2 

Ratio  of  the  Observed  FEVi 
to  Observed  FVC 

DEP 

1 

2 

1 

1 

1 

2 

Loss  of  Vital  Capacity 

DEP 

1 

2 

1 

1 

1 

2 

Obstructive  Abnormality 

DEP 

1 

2 

1 

1 

1 

2 

Current  Cigarette  Smoking 

COV 

1 

0 

0 

1 

1 

0 

Lifetime  Cigarette  Smoking 
History 

COV 

2 

1 

1 

2 

2 

1 

Pre-SEA  Asthma 

EXC 

11 

5 

7 

11 

11 

5 

Pre-SEA  Bronchitis 

EXC 

24 

27 

15 

24 

24 

25 

Pre-SEA  Pneumonia 

EXC 

44 

47 

24 

44 

44 

45 
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Table  18-2.  Number  of  Participants  Excluded  or  with  Missing  Data  for  Pulmonary 
Assessment  (Continued) 

Note:  DEP  =  Dependent  variable. 

COV  =  Covariate. 

EXC  =  Exclusion. 

870  Ranch  Hands  and  1,251  Comparisons. 

482  Ranch  Hands  for  initial  dioxin;  863  Ranch  Hands  for  1987  dioxin. 

863  Ranch  Hands  and  1,213  Comparisons  for  categorized  dioxin. 


18.1.4.1  Longitudinal  Analysis 

Longitudinal  analyses  were  performed  to  evaluate  associations  between  group  or  dioxin  and  the  change  in 
the  ratio  of  observed  FEVi  to  observed  FVC  between  the  1982  baseline  examination  and  the  1997 
follow-up. 

18.2  RESULTS 

18.2.1  Dependent  V  ariable-Covariate  Associations 

Covariate  tests  of  association  were  performed  to  examine  the  relations  between  the  covariates  used  in  the 
adjusted  analyses  and  the  dependent  variables.  Appendix  F,  Table  F-10,  provides  summary  results  of 
these  analyses  to  test  the  statistical  significance  of  the  associations.  These  associations  are  pairwise 
between  the  dependent  variable  and  the  covariate  and  are  not  adjusted  for  any  other  covariates. 
Participants  with  a  pre-SEA  occurrence  of  asthma  were  excluded  from  the  analysis  of  asthma,  and  similar 
exclusions  were  made  for  bronchitis  and  pneumonia.  Statistically  significant  associations  are  discussed 
below. 

Covariate  tests  of  association  revealed  no  significant  relations  between  asthma  and  any  of  the  covariates 
(p>0.70  for  all  tests). 

Analysis  of  bronchitis  revealed  significant  co variate  associations  with  lifetime  cigarette  smoking  history 
(p=0.002)  and  industrial  chemicals  exposure  (p=0.009),  and  a  marginally  significant  association  with  race 
(p=0.069).  The  prevalence  of  bronchitis  increased  as  lifetime  cigarette  smoking  history  increased. 
Participants  who  were  exposed  to  industrial  chemicals  had  a  higher  prevalence  of  bronchitis  than  those 
who  were  not  exposed  (22.0%  vs.  17.2%).  Non-Black  participants  had  a  higher  prevalence  of  bronchitis 
than  did  Black  participants  (20.6%  vs.  13.5%). 

Covariate  association  tests  for  pneumonia  revealed  significant  associations  with  age  (p=0.002)  and 
lifetime  cigarette  smoking  history  (p=0.037).  Older  participants  had  a  higher  percentage  of  pneumonia 
than  did  the  younger  participants  (13.1%  vs.  8.6%).  Participants  with  greater  than  10  pack-years  had  the 
highest  prevalence  of  pneumonia  (13.0%),  followed  by  nonsmokers  (9.6%)  and  participants  between  0 
and  10  pack-years  (9.3%). 

Tests  of  covariate  association  for  thorax  and  lung  abnormalities  showed  age  (p=0.001),  race  (p=0.042), 
occupation  (p=0.001),  current  cigarette  smoking  (p=0.001),  lifetime  cigarette  smoking  history  (p=0.001), 
and  body  fat  (p=0.047)  to  be  significant.  Exposure  to  industrial  chemicals  showed  a  marginally 
significant  association  with  thorax  and  lung  abnormalities  (p=0.062).  Older  participants  had  a  higher 
percentage  of  thorax  and  lung  abnormalities  (13.6%)  than  did  the  younger  participants  (8.6%).  Non- 
Blacks  had  a  higher  prevalence  of  thorax  and  lungs  abnormalities  (1 1.8%)  than  did  Blacks  (5.5%). 
Enlisted  flyers  had  the  highest  prevalence  of  abnormalities  of  the  thorax  and  lung  (18.6%),  followed  by 
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enlisted  groundcrew  (12.1%)  and  officers  (7.7%).  For  both  current  cigarette  smoking  and  lifetime 
cigarette  smoking  history,  the  prevalence  of  thorax  and  lung  abnormalities  increased  as  smoking 
increased.  Participants  with  normal  body  fat  had  a  higher  percentage  of  thorax  and  lung  abnormalities 
than  obese  participants  (12.3%  vs.  9.2%).  Participants  who  had  been  exposed  to  industrial  chemicals  had 
a  higher  percentage  of  thorax  and  lung  abnormalities  (12.5%)  than  did  participants  who  had  not  been 
exposed  to  industrial  chemicals  (9.7%). 

Covariate  association  tests  for  the  interpretation  of  the  chest  x  ray  revealed  significant  associations  with 
age  and  lifetime  cigarette  smoking  history  (p=0.Q18  for  both).  Older  participants  had  a  higher  percentage 
of  x-ray  interpretations  showing  abnormalities  than  did  the  younger  participants  (11.6%  vs.  8.4%).  The 
prevalence  of  x-ray  interpretations  showing  abnormalities  increased  as  lifetime  cigarette  smoking  history 
increased. 

For  both  current  cigarette  smoking  and  lifetime  cigarette  smoking  history,  FVC  decreased  significantly  as 
smoking  increased  (p=0.002  for  current  cigarette  smoking  and  pcO.OOl  for  lifetime  cigarette  smoking 
history).  FVC  decreased  significantly  as  body  fat  increased  (pcO.OOl).  Black  participants  had  a  lower 
mean  FVC  than  did  non-Black  participants  (87.84  vs.  99.81  percent  of  predicted,  pcO.OOl).  Occupation 
showed  a  significant  association  with  FVC  (p=0.005).  Enlisted  groundcrew  had  the  lowest  mean  FVC 
(97.99  percent),  followed  by  enlisted  flyers  (99.22  percent)  and  officers  (100.28  percent). 

FEVi  decreased  significantly  with  age  (pcO.OOl),  current  cigarette  smoking  (pcO.OOl),  lifetime  cigarette 
smoking  history  (pcO.OOl),  and  body  fat  (p=0.001).  Black  participants  had  a  lower  mean  FEVi  than  did 
non-Black  participants  (86.63  vs.  94.71  percent  of  predicted,  pcO.OOl).  Occupation  showed  a  significant 
association  with  FEVi  (p=0.002).  Enlisted  flyers  had  the  lowest  mean  FEVi  (91.76  percent),  followed  by 
enlisted  groundcrew  (93.90  percent)  and  officers  (95.57  percent).  The  association  between  FEVi  and 
exposure  to  industrial  chemicals  was  marginally  significant  (p=0.092).  The  mean  FEV,  for  participants 
not  exposed  to  industrial  chemicals  was  95.04  percent,  whereas  the  mean  FEVi  for  participants  exposed 
to  industrial  chemicals  was  93.72  percent. 

Because  of  the  distribution  of  the  data,  a  natural  logarithm  transformation  of  1.0  minus  the  ratio  of  the 
observed  FEVi  to  the  observed  FVC  ratio  was  used.  Because  of  this  transformation,  a  negative 
correlation  implies  a  positive  association  between  dioxin  and  the  ratio.  The  ratio  of  the  observed  FEV  i  to 
the  observed  FVC  displayed  significant  associations  with  age,  race,  occupation,  current  cigarette 
smoking,  lifetime  cigarette  smoking  history,  and  body  fat  (pcO.OOl  for  each).  The  ratio  decreased  with 
age,  current  cigarette  smoking,  and  lifetime  cigarette  smoking  history,  but  increased  as  body  fat  increased. 
Black  participants  had  a  higher  mean  ratio  of  the  observed  FEVi  to  the  observed  FVC  than  did  non-Black 
participants  (0.791  vs.  0.760).  Enlisted  groundcrew  had  the  highest  mean  ratio  (0.771),  followed  by 
officers  (0.759)  and  enlisted  flyers  (0.745). 

Tests  of  covariate  association  for  loss  of  vital  capacity  showed  a  significant  association  with  age 
(p=0.031),  race  (p=0.001),  body  fat  (p=0.001),  and  lifetime  cigarette  smoking  history  (p=0.029).  The 
association  between  loss  of  vital  capacity  and  exposure  to  industrial  chemicals  was  marginally  significant 
(p=0.064).  A  higher  percentage  of  older  participants  had  a  mild  loss  of  vital  capacity  and  a  moderate  or 
severe  loss  of  vital  capacity  (mild:  8.4%,  moderate  or  severe:  1.9%)  than  did  younger  participants  (mild: 
7.0%,  moderate  or  severe:  0.8%).  A  higher  percentage  of  Black  participants  had  a  mild  loss  of  vital 
capacity  and  a  moderate  or  severe  loss  of  vital  capacity  (mild:  17.2%,  moderate  or  severe:  4.7%)  than 
did  non-Blacks  (mild:  7.2%,  moderate  or  severe:  1.2%).  Obese  participants  had  a  higher  percentage  of 
loss  of  vital  capacity  (mild:  1 1.9%,  moderate  or  severe:  2.3%)  than  did  those  with  normal  body  fat  (mild: 
6.1%,  moderate  or  severe:  1.1%).  Results  also  indicate  that  the  percentage  of  mild  loss  of  vital  capacity 
and  a  moderate  or  severe  loss  of  vital  capacity  increased  as  the  number  of  pack-years  increased.  A  higher 
percentage  of  participants  exposed  to  industrial  chemicals  had  a  mild  and  moderate  or  severe  loss  of  vital 
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capacity  (mild:  8.5%,  moderate  or  severe:  1.7%)  than  did  participants  not  exposed  to  industrial 
chemicals  (mild:  6.6%,  moderate  or  severe:  0.9%). 

Covariate  analysis  with  obstructive  abnormality  revealed  significant  associations  with  age,  occupation, 
current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  (p=0.001  for  each).  Older  participants 
had  a  higher  percentage  of  obstructive  abnormalities  (mild:  37.1%,  moderate:  8.6%,  severe:  2.2%)  than 
did  younger  participants  (mild:  21.9%,  moderate:  2.6%,  severe:  0.4%).  Enlisted  flyers  had  a  higher 
percentage  of  obstructive  abnormalities  than  did  officers  or  enlisted  groundcrew.  The  percentage  of 
obstructive  abnormalities  increased  as  the  number  of  cigarettes  smoked  per  day  increased  and  as  the 
number  of  pack-years  increased. 

18,2.2  Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent  variables  shown  in 
Table  18-1.  Asthma,  bronchitis,  and  pneumonia  were  derived  from  self-reported  responses  and  verified 
by  a  medical  records  review.  Additional  dependent  variables  were  taken  from  results  of  the  physical 
examination  and  laboratory  portions  of  the  1997  follow-up  examination. 

Four  models  were  examined  for  each  dependent  variable  given  in  Table  18-1 .  The  analyses  of  these 
models  are  presented  below.  Further  details  on  dioxin  and  the  modeling  strategy  are  found  in  Chapters  2 
and  7,  respectively.  These  analyses  were  performed  both  unadjusted  and  adjusted  for  relevant  covariates. 
Model  1  examined  the  relation  between  the  dependent  variable  and  group  (i.e.,  Ranch  Hand  or 
Comparison).  In  this  model,  exposure  was  defined  as  “yes”  for  Ranch  Hands  and  “no”  for  Comparisons 
without  regard  to  the  magnitude  of  the  exposure.  As  an  attempt  to  quantify  exposure,  three  contrasts  of 
Ranch  Hands  and  Comparisons  were  performed  along  with  the  overall  Ranch  Hand  versus  Comparison 
contrast.  These  three  contrasts  compared  Ranch  Hands  and  Comparisons  within  each  occupational 
category  (i.e.,  officers,  enlisted  flyers,  and  enlisted  groundcrew).  As  described  in  previous  reports  and 
Table  2-8,  the  average  levels  of  exposure  to  dioxin  were  highest  for  enlisted  groundcrew,  followed  by 
enlisted  flyers,  then  officers. 

Model  2  explored  the  relation  between  the  dependent  variable  and  an  extrapolated  initial  dioxin  measure 
for  Ranch  Hands  who  had  a  1987  dioxin  measurement  greater  than  10  ppt.  If  a  participant  did  not  have  a 
1987  dioxin  level,  the  1992  level  was  used  to  estimate  the  initial  dioxin  level.  If  a  participant  did  not  have 
a  1987  or  a  1992  dioxin  level,  the  1997  level  was  used  to  estimate  the  initial  dioxin  level.  A  statistical 
adjustment  for  the  percentage  of  body  fat  at  the  time  of  the  participant’s  blood  measurement  of  dioxin 
was  included  in  this  model  to  account  for  body-fat-related  differences  in  elimination  rate  (43). 

Model  3  divided  the  Ranch  Hands  examined  in  Model  2  into  two  categories  based  on  their  initial  dioxin 
measures.  These  two  categories  are  referred  to  as  “low  Ranch  Hand”  and  “high  Ranch  Hand.”  Two 
additional  categories,  Ranch  Hands  with  1987  serum  dioxin  levels  at  or  below  10  ppt  and  Comparisons 
with  1987  serum  dioxin  levels  at  or  below  10  ppt,  were  formed  and  included  in  the  model.  Ranch  Hands 
with  1987  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the  “background  Ranch  Hand” 
category.  Dioxin  levels  in  1992  were  used  if  the  1987  level  was  not  available,  and  dioxin  levels  in  1997 
were  used  if  the  1987  and  1992  levels  were  not  available.  These  four  categories — Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  high  Ranch  Hands — were  used  in  Model  3  analyses. 
The  relation  between  the  dependent  variable  in  each  of  the  three  Ranch  Hand  categories  and  the 
dependent  variable  in  the  Comparison  category  was  examined.  A  fourth  contrast,  exploring  the  relation 
of  the  dependent  variable  in  the  combined  low  and  high  Ranch  Hand  categories  relative  to  Comparisons, 
also  was  conducted.  This  combination  is  referred  to  in  the  tables  as  the  “low  plus  high  Ranch  Hand” 
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category.  As  in  Model  2,  a  statistical  adjustment  for  the  percentage  of  body  fat  at  the  time  of  the 
participant’s  blood  measurement  of  dioxin  was  included  in  this  model. 

Model  4  examined  the  relation  between  the  dependent  variable  and  1987  lipid-adjusted  dioxin  levels  in  all 
Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a  1987  dioxin  measurement,  the 
1992  measurement  was  used  to  determine  the  dioxin  level.  If  a  participant  did  not  have  a  1987  or  a  1992 
dioxin  measurement,  the  1997  measurement  was  used  to  determine  the  dioxin  level. 

1 8. 2. 2. 1  Medical  Records  Variables 

18.2.2.1.1  Asthma 

All  unadjusted  and  adjusted  analyses  of  asthma  for  Models  1  through  4  were  nonsignificant  (Table 
1 8-3(a-h):  p>0. 1 1  for  all  analyses). 


Table  18-3.  Analysis  of  Asthma 


COMPARISONS  A  UNADJUSTED 


fs  Occupational 

fSplSlilSSlj;; 

Ifi  --Number ■(%)  I  ®  ■ 
Yes 

Est.  Relative  Risk  If!  1 

1 1  pt-  Value  j  |  [ 

AU 

Ranch  Hand 

859 

41  (4.8) 

1.37(0.89,2.11) 

0.158 

Comparison 

1,246 

44(3.5) 

Officer 

Ranch  Hand 

338 

18  (5.3) 

1.57(0.80,3.10) 

0.191 

Comparison 

492 

17  (3.5) 

Enlisted  Flyer 

Ranch  Hand 

149 

3  (2.0) 

0.46  (0.12,1.76) 

0.257 

Comparison 

187 

8  (4.3) 

Enlisted 

Ranch  Hand 

372 

20(5.4) 

1.64  (0.86,3.11) 

0.132 

Groundcrew 

Comparison 

567 

19  (3.4) 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 

f,  |  Occupational  Category  llllfji  | 

(95%  CX) 

AU 

1.36(0.87,2.10) 

0.175 

Officer 

1.48  (0.74,2.94) 

0.266 

Enlisted  Flyer 

0.45  (0.12,1.74) 

0.247 

Enlisted  Groundcrew 

1.69(0.89,3.21) 

0.111 

«  model  *  "™ch  h*nds  -  mtul  d,oxin  - 

|  ^  \  Initial  Djoxitt  Category  $ujftm£i§>$tafisfi4  ^ 

Analysis  Results  for  Log2  (In 

iti.il  Dicxini" 

im  Number (%)  ’  1  , 

Estimated  Relative  Risk 

p-Value 

1.18(0.86,1.62) 

0.318 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  18-3.  Analysis  of  Asthma  (Continued) 


^(d):]VIOpEt::2L 

RANCH  HANDS  -  INITIAL  DIOXIN -  ADJUSTED 

';;;r  ifv- !f  $  j 

Analysis  Results  for  Log2  (Initial  Dioxin) 

-  ‘is-  yv|S  >  £ , ! 

::  :  ■>'.  ;'r  \ 

;t  „  '  Adjusted  Relative  Risk  ;  l; 

:■  if  \t’  ;}  J  ; 

illlillliiili 

(  ’  ,  ,  .  (95%  C.I.)a  ;  1  .  ,, 

:  ;  p-Value 

474 

1.22  (0.82,1.82) 

0.328 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Yes 

Est.  Relative  Risk 
(95%  C.I.)ab 

p- Value 

Comparison 

1,208 

42  (3.5) 

Background  RH 

377 

19  (5.0) 

1.47  (0.84,2.58) 

0.174 

Low  RH 

235 

10  (4.3) 

1.23  (0.61,2.50) 

High  RH 

240 

11  (4.6) 

1.33  (0.67,2.64) 

Low  plus  High  RH 

475 

21  (4.4) 

1.28  (0.75,2.19) 

0.363 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3 :  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

aliyeRisic 
'  (95%C.I.)a 

Comparison 

1,207 

Background  RH 

376 

1.52  (0.86,2.70) 

0.149 

Low  RH 

234 

1.13(0.54,2.36) 

0.753 

High  RH 

240 

1.29(0.64,2.61) 

0.479 

Low  plus  High  RH 

474 

1.21  (0.69,2.10) 

0.506 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-3.  Analysis  of  Asthma  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  UNADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  C.I.)a  p- Value 

mm  1 

1.06(0.86,1.31)  0.594 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODia  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

IfH JS®  A^josted  Relatiye  Risk  j  ^ 

n  (95%  C.I.)a 

!ijifp§  isiiiiiiiiiiiiiii 

850  1.06(0.81,1.37) 

0.680 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


18.2.2.1.2  Bronchitis 

The  unadjusted  and  adjusted  Model  1  analyses  of  bronchitis  showed  no  difference  between  Ranch  Hands 
and  Comparisons  when  all  occupations  were  combined  (Table  18-4(a,b):  p=0.177,  unadjusted;  p=0.213, 
adjusted).  After  stratifying  by  occupation,  a  marginally  significant  association  was  revealed  between 
enlisted  flyer  Ranch  Hands  and  enlisted  flyer  Comparisons  in  both  the  unadjusted  and  adjusted  analyses 
(Table  18-4(a,b):  Est.  RR=1.63,  p=0.066,  for  the  unadjusted  analysis;  Adj.  RR=1.61,  p=0.075,  for  the 
adjusted  analysis).  The  percentage  of  Ranch  Hand  enlisted  flyers  with  bronchitis  was  27.8,  as  compared 
to  19.1  percent  of  the  Comparison  enlisted  flyers.  Contrasts  of  Ranch  Hands  and  Comparisons  in  the 
other  occupations  were  nonsignificant  (Table  18-4(a,b):  p>0.49  for  all  analyses). 


Table  18-4.  Analysis  of  Bronchitis 


HlSSMIlBSSSI 

All 

Ranch  Hand 

846 

183  (21.6) 

1.16(0.94,1.44) 

0.177 

Comparison 

1,224 

235  (19.2) 

Officer 

Ranch  Hand 

329 

60(18.2) 

1.03  (0.71,1.48) 

0.886 

Comparison 

482 

86(17.8) 

Enlisted  Flyer 

Ranch  Hand 

144 

40  (27.8) 

1.63  (0.97,2.73) 

0.066 

Comparison 

183 

35  (19.1) 

Enlisted 

Ranch  Hand 

373 

83  (22.3) 

1.12(0.81,1.54) 

0.496 

Groundcrew 

Comparison 

559 

114  (20.4) 
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Table  18-4.  Analysis  of  Bronchitis  (Continued) 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adjusted  Relative  Risk 

Occupational  Category 

f  |  |;|J f  f 

p-Value 

All 

1.15  (0.92,1.43) 

0.213 

Officer 

1.02  (0.70,1.47) 

0.936 

Enlisted  Flyer 

1.61  (0.95,2.71) 

0.075 

Enlisted  Groundcrew 

1.11  (0.81,1.54) 

0.514 

(c)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN -  UNADJUSTED 

|  Analysis  Results  for  Log2  (Initial  Dioxin)8  fjg 

Estimated  Relative  Risk 

(95%CX)b  p-Value 

IS  Am  :  '  - 

StM 

1.06(0.89,1.25)  0.513 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -  INITIAL  DIOXIN  - 

-  (95%  CX)“ 

g2  (Initial  Dioxin) 

ik 

iililli  i mini 

466 

1.07  (0.88,1.30) 

0.510 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY -  UNADJUSTED 

fe^l-l^'-Est  Relative  Risk 

||||j| Dioxin  Category  |§§ 

(95%.c.i.)8b 

Comparison 

1,188  230(19.4) 

Background  RH 

372  84  (22.6) 

1.22  (0.92,1.62) 

0.174 

Low  RH 

228  44  (19.3) 

1.00(0.70,1.43) 

0.980 

High  RH 

239  54  (22.6) 

1.21(0.87,1.70) 

0.262 

Low  plus  High  RH 

467  98  (21.0) 

1.10(0.84,1.44) 

0.479 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-4.  Analysis  of  Bronchitis  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  ADJUSTED 

Adjusted  Relative  Risk 

Dioxin  Category 

ij  - 1;  4  ll  ■  fi  ;  0 

(95%  c.i.)a ;  ;  : 

p-Value 

Comparison 

1,187 

Background  RH 

371 

1.31  (0.98,1.75) 

0.073 

Low  RH 

227 

0.94  (0.65,1.36) 

0.734 

High  RH 

239 

1.10(0.78,1.56) 

0.584 

Low  plus  High  RH 

466 

1.02  (0.78,1.34) 

0.891 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


HANDS  - 1987  DIOXIN  -  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

4  ^  (  5(  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  f  <  ?>  / 

iHHHiiSilf 

•  Number  (%) 

;  ;;•  . S "  J&tiihated  Relative  -Risk '  1§|I|  |:  ^lf lift  ^ lik- ^  vM 

mmmm 

Yes 

(95%  C.I.)a  p-Value 

Low 

282 

63  (22.3) 

0.97  (0.87,1.08)  0.579 

Medium 

274 

56  (20.4) 

High 

283 

63  (22.3) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logs  (1987  Dioxin  + 1) 

Adjusted  Relative  Risk 

.  r-,';.;-,,/;:  (95%  CXf  . 


p-Value 


837 


0.90  (0.79,1.03) 


0.137 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Models  2  and  4  showed  no  significant  associations  between  dioxin  and  bronchitis  (Table  18-4(c,d,g,h): 
p>0.13  for  all  analyses). 

The  unadjusted  Model  3  analysis  results  of  bronchitis  were  nonsignificant  (Table  18 -4(e):  p>0.17  for 
each  contrast).  Adjusting  for  covariates  revealed  a  marginally  significant  difference  between  Ranch 
Hands  in  the  background  dioxin  category  and  Comparisons  (Table  18-4(f):  Adj.  RR=1.31,  p=0.073). 
The  percentage  of  Ranch  Hands  with  bronchitis  in  the  background  dioxin  category  was  22.6,  versus  19.4 
percent  in  the  Comparison  category. 
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18.2.2.1.3  Pneumonia 

All  unadjusted  and  adjusted  Models  1,  3,  and  4  analyses  of  pneumonia  showed  no  significant  results 
(Table  18-5(a,b,e-h):  p>0.10  for  all  analyses). 


Table  18-5.  Analysis  of  Pneumonia 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


IP:  ;•  |^n^£:(:%);  •  .4:  W 

Yes 

<  1  Esti  Relative  Risk  1  | 

!JJ  |  (95%  liiiiil 

SfilSiSlSiRilll 

All 

Ranch  Hand 

826 

85(10.3) 

0.87(0.66,1.16) 

0.344 

Comparison 

1,204 

140  (11.6) 

Officer 

Ranch  Hand 

322 

34(10.6) 

0.75  (0.48,1.17) 

0.200 

Comparison 

470 

64  (13.6) 

Enlisted  Flyer 

Ranch  Hand 

139 

19(13.7) 

1.74  (0.85,3.57) 

0.129 

Comparison 

180 

15  (8.3) 

Enlisted 

Ranch  Hand 

365 

32  (8.8) 

0.78  (0.50,1.22) 

0.271 

Groundcrew 

Comparison 

554 

61  (11.0) 

(b)  MODEL!:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 

Adjusted  Relative  Risk 


AU 

0.87(0.66,1.16) 

0.354 

Officer 

0.74  (0.47,1.16) 

0.185 

Enlisted  Flyer 

1.75  (0.85,3.61) 

0.126 

Enlisted  Groundcrew 

0.79  (0.50,1.24) 

0.304 

(c)  MODEI.  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

1 1  Analysis  Results  for  l^g2  (Imtial. jpidxin)8  j§ Hf  §  I 

|jjj|  initial  |§|||{|#  ||||  tj|  Nunkl|er  (%)^  i|||J|jJ 

C, :Estimated;'Reiative-IUi&‘:^^  v 1 

(95%  C.I.)b  p- Value 

Low  147  21  (14.3) 

Medium  156  12  (7.7) 

High  155  13  (8.4) 

0.81(0.63,1.05)  0.097 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  18-5.  Analysis  of  Pneumonia  ( Continued ) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

Number  (%)  Est  Relative  Risk 

|  Dioxin  Category 

n 

:  Yes  (95%C.I.)ab 

p- Value 

Comparison 

1,168 

134(115) 

Background  RH 

361 

38  (10.5)  0.93  (0.63,1.36) 

0.708 

Low  RH 

222 

27(12.2)  1.06(0.68,1.65) 

0.790 

High  RH 

236 

19  (8.1)  0.66(0.40,1.09) 

0.107 

Low  plus  High  RH 

458 

46(10.0)  0.83(0.58,1.19) 

0.315 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

(0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

gipsiiisiiii 

Adjusted  Relative  Risk 

Dioxin  Category 

(95%  C.I.)a  : 

Comparison 

1,167 

Background  RH 

360 

0.90  (0.61,1.33) 

0.602 

Low  RH 

221 

0.98  (0.63,1.54) 

0.929 

High  RH 

236 

0.74  (0.44,1.25) 

0.265 

Low  plus  High  RH 

457 

0.85  (0.59,1.23) 

0.386 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

1987  Number  (%) 

V  Dioxin  n  Yes 

Estimated  Relative  Risk 

(95%  CX)a  p-Value 

Low  269  29  (10.8) 

Medium  270  33  (12.2) 

High  280  22  (7.9) 

0.91  (0.78,1.07)  0.236 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


18-18 


Table  18-5.  Analysis  of  Pneumonia  (Continued) 


(h)  MODEL  4:  RANCH  HANDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  + 1) 

>;1|  Adjusted  Relative  Risk  !  r 
(95%  C.I.)a 


p- Value 


817 


0.89  (0.73,1.08) 


0.229 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  2  analysis  found  a  marginally  significant  relation  between  pneumonia  and  initial 
dioxin  (Table  18-5(c):  Est.  RR=0.81,  p=0.097).  As  initial  dioxin  increased,  the  prevalence  of  pneumonia 
decreased.  The  percentages  of  Ranch  Hands  with  pneumonia  in  the  low,  medium,  and  high  initial  dioxin 
categories  were  14.3, 7.7,  and  8.4,  respectively.  After  adjustment  for  covariates,  the  association  was 
nonsignificant  (Table  18-5(d):  p=0.274). 

18.2.2.2  Physical  Examination  Variable 
18.2.2.2. 1  Thorax  and  Lung  Abnormalities 

Results  from  the  unadjusted  and  adjusted  Models  1  through  3  analyses  of  thorax  and  lung  abnormalities 
were  nonsignificant  (Table  18-6(a-f):  p>0.11  for  each  analysis). 


Table  18-6.  Analysis  of  Thorax  and  Lung  Abnormalities 


(a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

•  ;  -  Number  (%)  :’  ’ 

Est  Relative  Risk 

' '  Category 

Group 

Yes 

All 

Ranch  Hand 

870 

102  (11.7) 

1.05  (0.80,1.38) 

0.704 

Comparison 

1,251 

140  (11.2) 

Officer 

Ranch  Hand 

341 

31  (9.1) 

1.40  (0.84,2.33) 

0.200 

Comparison 

494 

33  (6.7) 

Enlisted  Flyer 

Ranch  Hand 

151 

29  (19.2) 

1.07(0.62,1.85) 

0.810 

Comparison 

187 

34  (18.2) 

Enlisted 

Ranch  Hand 

378 

42(11.1) 

0.85  (0.57,1.27) 

0.434 

Groundcrew 

Comparison 

570 

73  (12.8) 

RANCH  HANDS  \ 

V  S.  CON 

IPARISONS  -  ADJUSTED 

: :  :v 

Adjusted  Relative  Risk  ft! 

Occupatic 

(95%  cm.) 

AU 

0.97  (0.71,1.31) 

0.821 

Officer 

1.57  (0.90,2.71) 

Enlisted  Flyer 

0.99(0.53,1.85) 

Enlisted  Groundcrew 

0.69(0.44,1.09) 

0.115 
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Table  18-6.  Analysis  of  Thorax  and  Lung  Abnormalities  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Hd  Analysis  Results  forXog2  (Initial  Dioxin)®  ,  1 1 1 

Initial  Number  (%) 

Dioxin  n  Yes 

Estimated  Relative  Risk  1 1  f  1||!1  |  Jf  f  1 1 1 

m  8 1  (95%  CX)b  |  {  1 1  i|if  p-Value  J  glj 

Low  160  22  (13.8) 

Medium  162  23  (14.2) 

High  160  17  (10.6) 

1.06(0.86,1.31)  0.573 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -  ADJUSTED 

n  ■  (95%  CX)a 

481  1.14(0.86,1.51) 

0.366 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

•  .  ;  '  •  ■  •  -  '  ■  .  . 

■PPPHI 

Number  (%) 

momm 

1  ’b4- f  iEst  Relative  Rjisk  - 

Comparison 

1,213 

137  (11.3) 

Background  RH 

381 

39  (10.2) 

0.82  (0.56,1.20) 

0.304 

Low  RH 

239 

31  (13.0) 

1.19(0.79,1.82) 

0.408 

High  RH 

243 

31  (12.8) 

1.24(0.82,1.89) 

0.313 

Low  plus  High  RH 

482 

62  (12.9) 

1.22  (0.88,1.68) 

0.232 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-6.  Analysis  of  Thorax  and  Lung  Abnormalities  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-ADJUSTED 

,  V\  <  j )  Adjusted  Relative  Risk  .  -  ’ It  h  '  '  * 

jf|  jf  Dioxin 

n  • 

(95%  C.I.)a  :  : 

p-Value 

Comparison 

1,212 

Background  RH 

380 

0.84  (0.55,1.28) 

0.412 

Low  RH 

238 

1.01  (0.63,1.62) 

0.953 

High  RH 

243 

1.01  (0.62,1.64) 

0.977 

Low  plus  High  RH 

481 

1.01  (0.70,1.46) 

0.955 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  ^10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS -1987  DIOXIN -  UNADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

.  1 1!  Analysis  Results  for  Log2  (1987  Dioxin  + 1)  :  l||||l|  | 

1987  Number  (%) 

..  Dioxin  ■  .  n  Yes 

Estimated  Relative  Risk 

(95%  CX)a  p-Value 

Low  288  32(11.1) 

Medium  287  31  (10.8) 

High  288  38  (13.2) 

1.03(0.90,1.19)  0.653 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  BRANCH  gyiNDS  - 1987  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

Adjusted  Relative  Risk 
(95%CX)a  , 


p-Value 


861 


1.20  (1.00,1.43) 


0.054 


a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  unadjusted  Model  4  analysis  was  nonsignificant  (Table  18-6(g):  p=0.653).  After  adjusting  for 
covariates,  a  marginally  significant  association  between  thorax  and  lung  abnormalities  and  1987  dioxin 
was  revealed  (Table  18-6(h):  Adj.  RR=1.20,  p=0.054).  As  1987  dioxin  increased,  the  prevalence  of 
thorax  and  lung  abnormalities  increased.  The  percentages  of  Ranch  Hands  with  thorax  and  lung 
abnormalities  in  the  low,  medium,  and  high  1987  dioxin  categories  were  11.1, 10.8,  and  13.2, 
respectively. 
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18.2.2.3  Laboratory  Examination  Variables 
18.2.2.3. 1  X-ray  Interpretation 

All  unadjusted  and  adjusted  analyses  of  the  chest  x-ray  interpretation  for  Models  1  and  2  were 
nonsignificant  (Table  18-7(a-d):  p>0.15  for  each  analysis). 


Table  18-7.  Analysis  of  X-ray  Interpretation 

J|||g||ggl|^^ 

iliiiiftpjpjlliSf 

IB 

|S  j§  JiJ|d|nprmaiif  §§J| 

Est  Relative  Risk 
(95%  CX)  1  ' 

p- Value 

All 

Ranch  Hand 

868 

98  (11.3) 

1.22  (0.92,1.62) 

0.166 

Comparison 

1,251 

118  (9.4) 

Officer 

Ranch  Hand 

341 

39  (11.4) 

1.39  (0.88,2.20) 

0.160 

Comparison 

494 

42  (8.5) 

Enlisted  Flyer 

Ranch  Hand 

151 

16  (10.6) 

1.19(0.58,2.43) 

0.643 

Comparison 

187 

17  (9.1) 

Enlisted 

Ranch  Hand 

376 

43(11.4) 

1.12(0.74,1.70) 

0.599 

Groundcrew 

Comparison 

570 

59  (10.4) 

(b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

iSIflllll 

11  ||  Adjusted  Relative  Risk 

Occupational  Category 

p-Value 

All 

1.23  (0.92,1.64) 

0.158 

Officer 

1.39  (0.87,2.20) 

0.167 

Enlisted  Flyer 

1.16(0.56,2.39) 

0.685 

Enlisted  Groundcrew 

1.14(0.75,1.73) 

0.554 

(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN-  UNADJUSTED 

1 1  ;|p||  Initial  Dioxin  Category  Summary  Statistics  || | 

|i||i:  Initial  1  jplj  ijf  7  4 jf  iff  "l^itt&er»(%5|  j§!f  r| 

fjjfj  pibkin  H  lj| j gj|||  |jj|gl§  ff| 

Estimated  Relative  Risk 

(95%  C.I.)b  ■  p-Value 

Low  160  18(11.3) 

Medium  161  14  (8.7) 

High  159  11  (6.9) 

0.89  (0.70,1.15)  07373 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  18-7.  Analysis  of  X-ray  Interpretation  (Continued) 


(d)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 

t  "x  f  *  p)®tju^tedAEelative^Risk  ^  s  *  *  <  „  5 

-  (95%.C.I.)a  ■ 

p-Value 

479 

0.95  (0.71,1.27) 

0.730 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Number  (%) 

lillli  Abnormal  1  |||:  J 

Esk  Relative  Risk 
|f|j(95%C.I.)8b 

111888  p- Value  fjlf  |||| 

Comparison 

1,213 

116  (9.6) 

Background  RH 

381 

53  (13.9) 

1.56(1.10,2.21) 

0.013 

Low  RH 

239 

26  (10.9) 

1.15(0.73,1.80) 

0.546 

High  RH 

241 

17  (7.1) 

0.70  (0.41,1.20) 

0.196 

Low  plus  High  RH 

480 

43  (9.0) 

0.90  (0.62,1.31) 

0.576 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  3 

ADJUSTED 

llllliliwili 

Adjusted  Relative  Risk 
(95%  C.I.)a 

Comparison 

1,212 

Background  RH 

380 

1.69(1.18,2,43) 

0.004 

Low  RH 

238 

1.11  (0.70,1.75) 

0.657 

High  RH 

241 

0.66  (0.38,1.13) 

0.127 

Low  plus  High  RH 

479 

0.85  (0.58,1.24) 

0.406 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  18-7.  Analysis  of  X-ray  Interpretation  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN 

1987  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (1987  Dioxin  +  1) 

1987  Number  (%) 

Estimated  Relative  Risk 

(95%  C.I.)a  p-Value 

Low  288  37  (12.8) 

Medium  287  39  (13.6) 

High  286  20  (7.0) 

0.83  (6.71,0.97)  0.015 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

^  ^  Aid^y^ls R'Kidts for Log*. (1987 Dioxin  +  l)i  j  ^  1 

n  (95%  C.I.)a 

859 _ 0.80  (0.67,0.96) _ 0.015 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


In  the  Model  3  unadjusted  analysis  of  the  x-ray  interpretation,  a  significant  difference  was  revealed 
between  Ranch  Hands  in  the  background  dioxin  category  and  Comparisons  (Table  18~7(e): 

Est.  RR=1.56,  p=0.013).  The  percentage  of  Ranch  Hands  in  the  background  dioxin  category  with  an 
x  ray  showing  abnormalities  was  13.9  percent,  versus  9.6  percent  of  Comparisons.  The  same  contrast  was 
significant  in  the  adjusted  analysis  (Table  18-7(f):  Adj.  RR=1.69,  p=0.004).  Unadjusted  and  adjusted 
contrasts  of  the  low,  high,  and  low  plus  high  dioxin  Ranch  Hand  categories  with  Comparisons  were  all 
nonsignificant  (Table  18-7(e,f):  p>0.12  for  all  analyses). 

Both  the  unadjusted  and  adjusted  Model  4  analyses  revealed  significant  associations  between  the  x-ray 
interpretation  and  1987  dioxin  (Table  18-7(g,h):  Est.  RR=0.83,  p=0.015;  Adj.  RR=0.80,  p=0.015, 
respectively).  As  the  1987  dioxin  level  increased,  the  prevalence  of  an  x  ray  showing  abnormalities 
decreased.  The  percentages  of  participants  with  an  x-ray  interpretation  showing  abnormalities  in  the  low, 
medium,  and  high  1987  dioxin  categories  were  12.8,  13.6,  and  7.0,  respectively. 

18.2.2.3.2  FVC  (Percent  of  Predicted) 

All  unadjusted  and  adjusted  analyses  of  the  FVC  were  nonsignificant  (Table  18-8:  p>0.32  for  all 
analyses). 
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Table  18-8.  Analysis  of  FVC  (Percent  of  Predicted) 


(a)  MODEL  I: 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Category 

;  Mean  ■ 

Difference  of  Means 
(95%  CL) 

p-Value 

All 

Ranch  Hand 

869 

99.31 

0.38  (-0.91,1.68) 

0.564 

Comparison 

1,249 

98.93 

Officer 

Ranch  Hand 

341 

100.48 

0.33  (-1.73,2.39) 

0.753 

Comparison 

494 

100.14 

Enlisted  Flyer 

Ranch  Hand 

151 

99.64 

0.75  (-2.45,3.96) 

0.645 

Comparison 

186 

98.88 

Enlisted 

Ranch  Hand 

377 

98.14 

0.24  (-1.71,2.18) 

0.811 

Groundcrew 

Comparison 

569 

97.90 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 


fpl jpJSjj 

Group 

siiipi 

Adjusted 
Mean  /•  C 

Difference  of  Adj.  Means 

1111  f 

p-Value 

All 

Ranch  Hand 

867 

94.21 

0.506 

Comparison 

1,248 

93.79 

Officer 

Ranch  Hand 

340 

94.31 

0.56  (-1.39,2.50) 

0.575 

Comparison 

494 

93.76 

Enlisted  Flyer 

Ranch  Hand 

151 

0.56  (-2.47,3.59) 

0.716 

Comparison 

186 

94.45 

Enlisted  Groundcrew 

Ranch  Hand 

376 

93.36 

0.804 

Comparison 

568 

93.12 

Initial  Dioxin  Category  Summary  Statistics 

U '  |  “  Analysis  Results  for  Log2  (Diitijrf-Diqkiri)  §  |-  rf  1 1 

Initial  Dioxin  n  Mean  Adj.  Mean8 

III®'  -  ■ :  Ij.f;  § y  j  \  -  -.(Std^Error)  j|f  j 

Low  160  98.34  98.13 

Medium  161  97.80  97.76 

High  160  99.44  99.68 

0.018  0.332(0.491)  0.499 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


vi-.v  ;  ■;  ■  ■  :  >  ■  .  ■ 

1 1 1  Analysis  Results  for  Log2  (Initial  Dioxin) 

i  -:-v: : -r-:  "'-v  *  '  - ;  \  : " 

■  #  sSt®  i% s 

Adj.  Siope 

RJ  (Std.  Error)  P-Value 

Low  159  95.17 

Medium  161  94.32 

High  160  95.09 

0.099  -0.303  (0.558)  0.588 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 
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Table  18-8.  Analysis  of  FVC  (Percent  of  Predicted)  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Difference  of  Adj.  Mean 


|1  MeaW '‘t  |  |  Adj.  Mean3 

i  ||  1 1;|  (95%  C.I.) 

kpiiMilill 

Comparison 

1,211 

99.09  99.14 

Background  RH 

381 

100.18  99.33 

0.19  (-1.50,1.88) 

0.825 

Low  RH 

238 

98.07  98.34 

-0.80  (-2.83,1.23) 

0.439 

High  RH 

243 

98.97  99.79 

0.66  (-1.36,2.67) 

0.523 

Low  plus  High  RH 

481 

98.52  99.07 

-0.06  (-1.61,1.48) 

0.935 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand): 

1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand) 

1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

<f)  MODKI,  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj.  Mean |  ;  > 

illiliill 

m  llilSii Kill  RffiE  it 

'til  .•  •:  'vs.  Comparisons' 

Dioxin  Category 

.  •/  n 

Adj.  Mean 

(95%  C.I.) 

p-Value 

Comparison 

1,210 

93.87 

Background  RH 

380 

93.72 

-0.15  (-1.80,1.50) 

0.859 

Low  RH 

237 

94.29 

0.42  (-1.54,2.39) 

0.674 

High  RH 

243 

94.61 

0.75  (-1.25,2.74) 

0.465 

Low  plus  High  RH 

480 

94.45 

0.59  (-0.92,2.09) 

0.445 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL 4:  RANCfiLHANDS  -  1987T^IpJON;-UNADJpSTED  ^  i  l%fi  *  IBSI 

1987  Dioxin  Category  Summary  Statistics 

fill  AnalysisjResuIts  for  Log2  ()^n;TTipmfy4)}x  |  |j| 

Low  288  100.86 

Medium  287  98.03 

High  287  98.86 

0001  -0.312  (0.338)  0.356 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 
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Table  18-8.  Analysis  of  FVC  (Percent  of  Predicted)  (Continued) 


<1)  M«M>EE  4:  RANCH  HANDS -1987  DIOXIN -  ADJUSTED 

fi'  H'  -tC s<*> 'h?  %>  U*  d'xr <<;  >L  fit-  i{ ‘k,‘  '-fC'rV  o] 

l!§| :  IfUJO  ||  Analysis  Results  for  Log2  (1987  Dioxin  + 

1111111 

1987 

Dioxin  n  Adj.  Mean 

R2 

Adjusted  Slope 
(Std.  Error)  |l  ||  : 

p-Value 

Low  287  94.50 

Medium  286  94.05 

High  287  95.18 

0.111  0.377(0.385)  0.329 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


18.2.2.3.3  FEVj  (Percent  of  Predicted) 

No  significant  relations  were  observed  between  group  or  dioxin  and  FEV i  in  any  of  the  analyses  (Table 
18-9(a-h):  p>0.13  for  all  analyses). 


Table  18-9.  Analysis  of  FEV1  (Percent  of  Predicted) 


RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Group 

n  ■ 

Mean 

Difference  of  Means 

p- Value 

All 

Ranch  Hand 

869 

94.13 

-0.15  (- 1.66,1.37 ) 

0.849 

Comparison 

1,249 

94.28 

Officer 

Ranch  Hand 

341 

95.47 

-0.18  (-2.58,2.23) 

0.886 

Comparison 

494 

95.65 

Enlisted  Flyer 

Ranch  Hand 

151 

91.09 

-1.21  (-4.95,2.54) 

0.527 

Comparison 

186 

92.30 

Enlisted 

Ranch  Hand 

377 

94.14 

0.40  (-1.87,2.67) 

0.729 

Groundcrew 

Comparison 

569 

93.74 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -  ADJUSTED 


rf  'V>:- 

•  ::  . 

ISIIKl 

Difference  of  Adj.  Means 
(95%  C.I.) 

All 

Ranch  Hand 

867 

90.23 

0.17  (-1.24,1.57) 

0.814 

Comparison 

1,248 

90.06 

Officer 

Ranch  Hand 

340 

90.92 

0.11  (-2.13,2.35) 

0.925 

Comparison 

494 

90.81 

Enlisted  Flyer 

Ranch  Hand 

151 

89.19 

-1.27  (-4.75,2.21) 

0.475 

Comparison 

186 

90.46 

Enlisted  Groundcrew 

Ranch  Hand 

376 

90.07 

0.75  (-1.36,2.87) 

0.484 

Comparison 

568 

89.32 
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Table  18-9.  Analysis  of  FEVi  (Percent  of  Predicted )  (Continued) 


<c)  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -UNADJUSTED 

Initial  Dioxin  n  Mean  Adj.  Mean8 

Slope 

R2  (Std,  Error)  p-Value 

Low  160  93.08  93.14 

Medium  161  91.83  91.84 

High  160  97.27  97.20 

0.006  0.870(0.581)  0.135 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

4i;:f  |  |jf  I  Analysis  Results  for  Log2  (Initial  Dioxin)  i||  §  jf  ", 

>  4*  Adj,  Slope 

<4  Initial  Dioxin<;r  > 

iiailiiii 

R2 

(Std.  Error).  ; ,  ‘n 

|f  p- Value 

Low 

159 

91.50 

0.143 

0.007  (0.637) 

0.991 

Medium 

161 

90.10 

High 

160 

93.52 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  i 

VND  COMPARISONS  BY  DIOXIN 

CATEGORY  -;UNADJ|JST|]5ft  §jlf § 

mm 

w  ■  ■  ' 

fj:  |  >'  ^4  IfN  Kni’,  ’  \'m 

< W^ren^;^i^4Mpn|^; 

:  <’’<'•  :fy>  a  ;  •/=! 

;  <  ri*l  ajf 

‘  •  vs.  Comparisons  k  [  ! 

j||  DipxihCategory  p|3 

mmm 

pill  f 

Adj;  Mean8 

:  (95%  C.I.) 

p- Value 

Comparison 

1,211 

94.36 

94.38 

Background  RH 

381 

94.17 

93.94 

-0.44  (-2.46,1.57) 

Low  RH 

238 

92.82 

92.89 

-1.48  (-3.90,0.93) 

0.229 

High  RH 

243 

95.27 

95.50 

1.12  (-1.28,3.53) 

Low  plus  High  RH 

481 

94.06 

94.21 

-0.17  (-2.01,1.67) 

0.859 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-9.  Analysis  of  FEVi  (Percent  of  Predicted)  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


§  W. 

Difference  of  Adj.  Mean 
vs.  Comparisons  1 1 
(95%  CX) 

p-Value 

Comparison 

1,210 

90.03 

Background  RH 

380 

89.32 

-0.70  (-2.59,1.19) 

0.469 

Low  RH 

237 

90.58 

0.55  (-1.70,2.80) 

0.632 

High  RH 

243 

91.19 

1.16  (-1.13,3.45) 

0.319 

Low  plus  High  RH 

480 

90.89 

0.86  (-0.86,2.58) 

0.328 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


(g)  MODEL  4:  RANCH  HANDS  - 

1987  DIOXIN 

-UNADJUSTED  jpg 

Analysis  Results  for  Log2  (1987  Dioxin  +1) 

R2  | 

$  p-Value  "3 | 

Low 

288 

94.88 

0.002 

0.496  (0.402) 

0.217 

Medium 

287 

92.76 

High 

287 

94.69 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  - ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

1987 

Dioxin  n  Adj.  Mean 

Adjusted  Slope 

R2  (Std.  Error)  .  p-Value  , 

Low  287  89.98 

Medium  286  89.99 

High  287  91.21 

0.161  0.652(0.443)  0.142 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


18.2.2.3.4  Ratio  of  Observed  FEVj  to  Observed  FVC 

Because  of  the  distribution  of  the  data,  a  natural  logarithm  transformation  of  1.0  minus  the  ratio  was  used. 
Because  of  this  transformation,  a  negative  slope  in  Models  2  and  4  implies  a  positive  association  between 
dioxin  and  the  ratio  of  observed  FEVi  to  FVC.  A  negative  association,  which  would  be  represented  by  a 
positive  slope,  is  considered  adverse  for  this  variable. 

Model  1  showed  no  significant  difference  between  Ranch  Hands  and  Comparisons  in  the  mean  ratio  of 
observed  FEVi  to  observed  FVC  (Table  18-10(a,b):  p>0.36  for  each  contrast). 

The  Model  2  unadjusted  analysis  showed  a  significant  positive  association  between  the  ratio  of  observed 
FEVi  to  observed  FVC  and  initial  dioxin  (Table  18-10(c):  slope=-0.026,  p=0.023).  The  mean  ratios  in 
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the  low,  medium,  and  high  initial  dioxin  categories  were  0.759,  0.756,  and  0.783,  respectively.  The 
adjusted  analysis  was  nonsignificant  (Table  18- 10(d):  p=0.360). 

The  Model  3  unadjusted  and  adjusted  analyses  showed  no  significant  difference  between  any  of  the 
Ranch  Hand  dioxin  categories  and  the  Comparison  group  (Table  18~10(e,f):  p>0.16  for  each  contrast). 

The  unadjusted  Model  4  analysis  found  a  significant  positive  association  between  1987  dioxin  and  the 
ratio  of  observed  FEVi  to  observed  FVC  (slope=-0.031,  p<0.001).  The  mean  ratios  in  the  low,  medium, 
and  high  1987  dioxin  categories  were  0.753,  0.757,  and  0.771,  respectively.  After  adjusting  for 
covariates,  the  results  were  nonsignificant  (p=0.161). 


Table  18-10.  Analysis  of  the  Ratio  of  Observed  FEVi  to  Observed  FVC 

RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

!j§jfl{Difference  of  Means 

}  i  ;f;,  (95%CX)b  1 1 1 

p-Valuec 

All 

Ranch  Hand 

869 

0.760 

-0.003  ~ 

0.366 

Comparison 

1,249 

0.763 

Officer 

Ranch  Hand 

341 

0.756 

-0.005  - 

0.376 

Comparison 

494 

0.761 

Enlisted  Flyer 

Ranch  Hand 

151 

0.741 

-0.007  - 

0.431 

Comparison 

186 

0.748 

Enlisted 

Ranch  Hand 

377 

0.772 

0.001  - 

0.843 

Groundcrew 

Comparison 

569 

0.771 

a  Transformed  from  natural  logarithm  scale  of  1.0  -  ratio. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale  of  1.0  -  ratio. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  1 .0  -  ratio. 


(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS -ADJUSTED 


;  ^  .  Group 

itiBlit'l 

||  Mean*  }§g|j| 

!  -Difference'^f 

AU 

Ranch  Hand 

867 

0.770 

-0.001  ~ 

0.701 

Comparison 

1,248 

0.771 

Officer 

Ranch  Hand 

340 

0.771 

-0.004  - 

0.411 

Comparison 

494 

0.775 

Enlisted  Flyer 

Ranch  Hand 

151 

0.764 

-0.005  - 

0.486 

Comparison 

186 

0.770 

Enlisted  Groundcrew 

Ranch  Hand 

376 

0.774 

0.003  - 

0.532 

Comparison 

568 

0.771 

a  Transformed  from  natural  logarithm  scale  of  1.0  -  ratio. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale  of  1.0  -  ratio. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  1.0  -  ratio. 
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Table  18-10.  Analysis  of  the  Ratio  of  Observed  FEVi  to  Observed  FVC  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Initial  Dioxin  n  Mean8  Adj.  Meanab 

Slope 

R2  (Std.  Error)0  p-Value 

Low 

160 

0.757 

0.053 

-0.026  (0.011) 

Medium 

161 

0.756 

0.756 

High _ 

160 

0.785 

0.783 

a  Transformed  from  natural  logarithm  scale  of  1 .0  -  ratio. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Slope  and  standard  error  based  on  natural  logarithm  of  (1.0  -  ratio)  versus  log2  (initial  dioxin);  because  of  this 
transformation,  a  negative  slope  implies  a  positive  association  between  the  ratio  and  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(d)  MODEL  2:  RANCH  HANDS  - INITIAL  DIOXIN -  ADJUSTED 

§f|l!  H  .  Analysis  Results  for  Log2  (Initial  Dioxin)  | )  !|  f  ||j  | 

Initial  Dioxin  n  Adj.  Mean8 

Adj.  Slope 

R2  (Std.  Error)"  p-Value 

Low  159  0.773 

Medium  161  0.770 

High  160  0.788 

0.216  -0.011  (0.012)  0.360 

a  Transformed  from  natural  logarithm  scale  of  1 .0  -  ratio. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  (1.0  -  ratio)  versus  log2  (initial  dioxin);  because  of  this 
transformation,  a  negative  slope  implies  a  positive  association  between  the  ratio  and  log2  (initial  dioxin). 


Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

( j§U  Dioxin  Category 

;-n,.: . 

Adj.  Mean8b  ‘ 

Difference  of  Adj.  Mean 

Comparison 

1,211 

0.763 

0.763 

Background  RH 

381 

0.753 

0.757 

-0.006  - 

0.192 

Low  RH 

238 

0.759 

0.757 

-0.006  - 

0.341 

High  RH 

243 

0.774 

0.770 

0.007  - 

0.164 

Low  plus  High  RH 

481 

0.766 

0.764 

0.001  - 

0.764 

a  Transformed  from  natural  logarithm  scale  of  1 .0  -  ratio. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

c  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  1 .0  -  ratio. 
d  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  1 .0  -  ratio. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-10.  Analysis  of  the  Ratio  of  Observed  FEVi  to  Observed  FVC  (Continued) 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

;;%^|i|^piJ|..Meana  jjjjggg 

Difference  of  Adj.  Mean 
!| . .  Vs.'Con^)ansptis :  1 
(95%  CX)b 

-p- Value* 

Comparison 

1,210 

Background  RH 

380 

0.766 

-0.004  - 

Low  RH 

237 

0.772 

0.002  - 

High  RH 

243 

0.774 

0.004  ~ 

Low  plus  High  RH 

480 

0.773 

0.003  - 

a  Transformed  from  natural  logarithm  scale  of  1.0  -  ratio. 

b  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  presented 
because  analysis  was  performed  on  natural  logarithm  scale  of  1.0  -  ratio. 
c  P- value  is  based  on  difference  of  means  on  natural  logarithm  scale  of  1.0  -  ratio. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


■111111* 

Analysis  Results  for  Log2  (1987  Dioxin +1) 

1987  Dioxin  n  Mean8 

Low  288  0.753 

Medium  287  0.757 

High  287  0.771 

0.018  -0.031  (0.008)  <0.001 

a  Transformed  from  natural  logarithm  scale  of  1.0  -  ratio. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  (1.0  -  ratio)  versus  log2  (1987  dioxin  +  1);  because  of  this 
transformation,  a  negative  slope  implies  a  positive  association  between  the  ratio  and  log2  (1987  dioxin  +  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


(h)  MODEL  4:  RANCH  HANDS  -  1987  DIOXIN  -  ADJUSTED 

1987  Dioxin  Category  Summary  Statistics 

|jj  §  r  J-  Analysis  ResultsTor  Logj  (1987  Dioxin  + 1)  |  §| || 

1 1  §§f  pioxin  1 1  IH  ;■  v 

(Std.  Erfor)b  p- Value 

Low  287  0.767 

Medium  •  286  0.770 

High  287  0.773 

0.218  -0.012(0.008)  0.161 

a  Transformed  from  natural  logarithm  scale  of  1.0  -  ratio. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  (1.0  -  ratio)  versus  log2  (1987  dioxin  +1);  because  of  this 
transformation,  a  negative  slope  implies  a  positive  association  between  the  ratio  and  Iog2  (1987  dioxin*  1). 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


18.2.2.3.5  Loss  of  Vital  Capacity 

No  significant  relations  were  observed  between  group  or  dioxin  and  the  loss  of  vital  capacity  in  Models  1 
through  3  (Table  18-1  l(a-f):  p>0.1 1  for  each  analysis). 
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Table  18-11.  Analysis  of  Loss  of  Vital  Capacity 


- 

... 

~S..  -  '■ 

—  vt;'~  jf~-  f  ?  : 

'  ;•  ■ 

V  4:“ 

.  |  &&  tWt  i  t  - -  S 
Jszzj.*"  v; 

•'  :  :-4 

Number  (%) 

ss£«$.-g-ir.s_9 

Mild  vs.  None 

Moderate  or  Sever 

e  vs.  None 

n 

None 

Mild 

Moderate 
or  Severe 

Est.  Relative 
Risk  (95%  C.I.) 

•  p- value  ~,«;r 

Est.  Relative 
Risk  (95%  CX) 

■ 

si; 

mHpiil 

All 

Ranch  Hand 

869 

792  (91.1) 

67(7.7) 

10(1.2) 

0.98(0.71,1.35) 

0.885 

0.71  (0.33,1.53) 

0.388 

Comparison 

1,249 

1,131  (90.6) 

98  (7.8) 

20(1.6) 

Officer 

Ranch  Hand 

341 

312(91.5) 

24  (7.0) 

5(1.5) 

1.10  (0.63*1.90) 

0.737 

1.46  (0.42,5.10) 

0.549 

Comparison 

494 

457  (92.5) 

32  (6.5) 

5(1.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

139  (92.1) 

11  (7.3) 

1  (0.7) 

0.72  (0.33,1.58) 

0.413 

0.29  (0.03,2.67) 

0.277 

Comparison 

186 

164  (88.2) 

18  (9.7) 

4(2.2) 

Enlisted 

Ranch  Hand 

377 

341  (90.5) 

32  (8.5) 

4(1.1) 

1.00  (0.62,1.59) 

0.990 

0.54  (0.17,1.72) 

0.300 

Groundcrew 

Comparison 

569 

510(89.6) 

48  (8.4) 

_ IUL2L 

(b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  — 

ADJUSTED 

''  £  \  7  'i 

..  ,,*7  f  - 

Mild  vs.  None 

.  Moderate  or  Severe  ys.  None  _ . 

Occupational 

1 1  Catekory  gjf|  |§  j  '•  | 

Adj.  Relative  Risk 
(95%  C.I.) 

'l  2  „„t f  4  J>  /; 

Adj.  Relative  Risk 
(95%  C.I.)  . 

All 

0  96(0.69,1.35) 

0.832 

0.67(0.31,147) 

0.324 

Officer 

1.09  (0.62,1.90) 

0.768 

1.42  (0.40,5.00) 

0.586 

Enlisted  Flyer 

0.68  (0.31,1.52) 

0.349 

0.25  (0.03,2.30) 

0.220 

Enlisted  Groundcrew 

1.00  (0.61,1.63) 

0.999 

0.52  (0.16,1.70) 

0.279 
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Table  18-11.  Analysis  of  Loss  of  Vital  Capacity  (Continued) 


(c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

'  *  »  '  ’  /  ‘  -  pip  -  r  t.  x  -  -  I  -*  MEBflyB  *  •  *  * 

Number  (%) 

Analysis  Results  for  Log2  (Initial  Dioxin)* 

Mild  vs.  None  Moderate  or  Severe  vs.  None 

Est.  Relative  Risk  Est  Relative  Risk 

;  (95%  C.I.)b  p-Value  (95%  C.I.)b  ;  p-Value 

Low  160  146(91.3)  12(7.5)  2(1.3) 

Medium  161  145(90.1)  15(9.3)  1  (0.6) 

High  160  151  (94.4)  8(5.0)  1  (0.6) 

0.88(0.67,1.15)  0.345  0.73(0.31,1.76)  0.489 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


KDBBE&EffiteiaBCiUAimsiUfiffaufiiiiiisamutk  irmnmrH— i 

vc  v  .,  -Te-ii  ~  T'Trj-  * 

Analysis  Results  for  Log2  (Initial  Dioxin)  ~ 

:;:.:rv.:.  Mild  vs.- lidticf.-  ”  ■:  Moderate  or  Severe  vs.  None 

Adj.  Relative  Risk 

Adj.  Relative  Risk 

n  (95%  C.I.)a  p-Value 

V)-;;: :  (95%  C.I.)a  . 

p-Value 

480  0.91  (0.66,1.24)  0.539 

1.02  (0.35,2.99) 

0.973 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Results  not  adjusted  for  race,  current  cigarette  smoking,  and  industrial  chemicals  exposure  because  of  the  sparse  number  of  moderate  or  severe 
measurements. 
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Table  18-11.  Analysis  of  Loss  of  Vital  Capacity  (Continued) 


(e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Dioxin  Category 

■  V::  n  ~ 

Number (%) 

Mild  vs.  None  r 

Moderate  or  Severe  vs.  None 

None 

Mad^:: 

Moderate 
or  Severe 

Est  Relative  Risk 
(95%C.I.),b 

p- Value 

Est  Relative  Risk 
(95%  C.I.)ab 

p-Value 

Comparison 

1,211 

1,096(90.5) 

97  (8.0) 

18  (1.5) 

Background  RH 

381 

344  (90.3) 

31(8.1) 

6(1.6) 

1.18(0.77,1.81) 

0.456 

1.27  (0.50,3.27) 

0.616 

Low  RH 

238 

218(91.6) 

18  (7.6) 

2  (0.8) 

0.89(0.52,1.51) 

0.663 

0.52  (0.12,2.28) 

0.387 

High  RH 

243 

224  (92.2) 

17  (7.0) 

2  (0.8) 

0.75  (0.43,1.29) 

0.295 

0.46  (0.10,2.00) 

0.297 

Low  plus  High  RH 

481 

442  (91.9) 

35  (7.3) 

4  (0.8) 

0.81  (0.54,1.23) 

0.325 

0.49  (0.16,1.46) 

0.199 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 
b  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  RH  =  Ranch  Hand.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

Comparison:  1987  Dioxin  <  10  ppt.  High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <10  ppt. 


(f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Rims®  SIS 

1 ..  |||  |  jjjj  gg  | 

|  SMB!  S|  Mild  vs.None  | 

Moderate  or  Severe  vs.  None 

’  Dioxin  Category  1%^ , 

^  v>-i; 

Adj.  Relative  Risk 
'(95%  C.I.)a 

p-Value 

Adj.  Relative  Risk 
(95%  C.I.)a 

Comparison 

1,210 

Background  RH 

380 

1.28  (0.82,1.99) 

0.284 

1.44  (0.54,3.81) 

0.468 

Low  RH 

237 

0.71  (0.41,1.24) 

0.235 

0.34  (0.07,1.57) 

0.165 

High  RH 

243 

0.75  (0.43,1.32) 

0.325 

0.47  (0.10,2.17) 

0.337 

Low  plus  High  RH 

480 

0.73  (0.48,1.12) 

0.151 

0.40  (0.13,1.25) 

0.115 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand.  Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

Comparison:  1987  Dioxin  <  10  ppt.  High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 


Table  18-11.  Analysis  of  Loss  of  Vital  Capacity  (Continued) 


(g)  MODEL  4:  RANCH  HANDS  — 1987  DIOXIN  —  UNADJUSTED 


1987  Dioxin  Category  Summary  Statistics 

~  ^ ’•'?  1, . - Number  (%)  . 

Analysis  Results  for T^ogi  (1987  Dioxin  +  1) 

Mild  vs.  None  Moderate  or  Severe  vs.  None 

1987  Dioxin  Moderate  or 

Category  n  None  Mild  Severe 

Est  Relative  Risk  Est  Relative  Risk 

(95%  C.I.)8  p-Value  (95  %  CX)°  p- Value 

Low 

288 

265  (92.0) 

19  (6.6) 

4(1.4) 

0.94  (0.79,1.12) 

0.480 

0.83  (0.53,1.31) 

0.430 

Medium 

287 

254  (88.5) 

29(10.1) 

4(1.4) 

High 

287 

267  (93.0) 

18  (6.3) 

2  (0.7) 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


^^Relativ.^piskf 


p-Value 


Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


The  Model  4  unadjusted  analysis  of  loss  of  vital  capacity  was  nonsignificant  (Table  18-1 1(g):  p>0.43  for 
each  contrast).  After  adjusting  for  covariates,  a  significant  association  between  a  mild  loss  of  vital 
capacity  and  1987  dioxin  was  revealed  (Table  18-1 1(h):  Adj.  RR=0.80,  p=0.046).  The  prevalence  of  a 
mild  loss  of  vital  capacity  decreased  as  1987  dioxin  increased,  after  accounting  for  covariate  effects.  The 
percentages  of  participants  with  a  mild  loss  of  vital  capacity  in  the  low,  medium,  and  high  1987  dioxin 
categories  were  6.6,  10.1,  and  6.3,  respectively. 


18.2. 2.3. 6  Obstructive  Abnormality 

The  Model  1  unadjusted  and  adjusted  analyses  showed  no  group  difference  for  obstructive  abnormalities 
when  combining  all  occupations  (p>0.23  for  each  analysis).  After  stratifying  by  occupation,  both  the 
unadjusted  and  adjusted  analyses  revealed  a  significant  difference  between  Ranch  Hand  and  Comparison 
officers  in  the  percentage  of  mild  obstructive  abnormalities  (Table  18-12(a,b):  Est.  RR=1.38,  p=0.034; 
Adj.  RR=1.38,  p=0.041,  respectively).  The  percentage  of  Ranch  Hand  officers  with  mild  obstructive 
abnormalities  was  higher  than  the  percentage  of  Comparison  officers  with  mild  obstructive  abnormalities 
(36.4%  vs.  29.8%).  No  significant  differences  were  noted  for  any  occupation  for  the  contrast  of  moderate 
versus  no  obstructive  abnormalities  (p>0.36  for  all  analyses)  or  for  the  contrast  of  severe  versus  no 
obstructive  abnormalities  (p>0.18  for  all  analyses). 


Table  18-12.  Analysis  of  Obstructive  Abnormality 


l|^|M0[pEL  1: 

RANCH  HANDS  V§.  COMPARISONS  —  UNADJUSTED 

WM‘A 

ImwMtMhmrxhw 

llllSv-QctttpatitHial 

iIHlifciaiii! 

Number  (%) 

lillWPiil 

ifjj 

MtHRKII 

Mild 

|3  ‘  j,  ■ 

|  Severer  m 

AU 

Ranch  Hand 

869 

528  (60.8) 

276(31.8) 

51  (5.9) 

14(1.6) 

Comparison 

1,249 

790  (63.3) 

368  (29.5) 

75(6.0) 

16(1.3) 

Officer 

Ranch  Hand 

341 

193  (56.6) 

124  (36.4) 

19  (5.6) 

5  (1.5) 

Comparison 

494 

316  (64.0) 

147  (29.8) 

26  (5.3) 

5(1.0) 

Enlisted  Flyer 

Ranch  Hand 

151 

82  (54.3) 

49  (32.5) 

14  (9.3) 

6  (4.0) 

Comparison 

186 

97  (52.2) 

72  (38.7) 

12  (6.5) 

5  (2.7) 

Enlisted  Groundcrew  Ranch  Hand 

377 

253  (67.1) 

103  (27.3) 

18  (4.8) 

3  (0.8) 

Comparison 

569 

377  (66.3) 

149  (26.2) 

37  (6.5) 

6(1.1) 

-i .  '  - 

RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

~  *  <'  '  5  ''  '3:  h  t  »  n-‘,'  *  1-  i'v<  *  /  i  n  '  %'t  ,  !  / 

ii’*j  1  * . t  4‘,  3  : *  -*  - 

ill® 

.  Moderate  vs.  None 

' t " '$$Hb 

liMfflBlBg.; 

I  iSSgll 

JEs£  Relative  Risk 

'  Est  Relative  Risk 

m 

p-Value 

\  (95%  CX) 

p- Value 

iSiaiii! 

All 

1.12  (0.93,1.36) 

0.237 

1.02  (0.70,1.48) 

0.928 

1.31  (0.63,2.70) 

0.467 

Officer 

1.38(1.02,1.86) 

0.034 

1.20(0.64,2.22) 

0.569 

1.64  (0.47,5.73) 

0.440 

Enlisted  Flyer 

0.81  (0.50,1.28) 

0.363 

1.38  (0.60,3.15) 

0.444 

1.42  (0.42,4.82) 

0.574 

Enlisted 

1.03  (0.77,1.39) 

0.845 

0.72  (0.40,1.30) 

0.281 

0.75  (0.18,3.00) 

0.679 

Groundcrew 
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Table  18-12.  Analysis  of  Obstructive  Abnormality  ( Continued ) 


r  (1?)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Mttft-ys,-Norie  ’  v  4  .;j 

Moderate  vs.  None 

Severe  vs.  None 

Occupkdohal 
^  ■  •  Category  ^  ■ 

Relative  Risk 

p-Value 

Est.  Relative  Risk 
(95%  CX) 

p-Value 

liiiHifiill 

All 

1.08  (0.88,1.32) 

0.449 

0.97(0.66,1.44) 

0.887 

1.22  (0.57,2.59) 

0.605 

Officer 

1.38(1.01,1.89) 

0.041 

1.21  (0.63,2.32) 

0.560 

1.81  (0.50,6.57) 

0.366 

Enlisted  Flyer 

0.79  (0.48,1.29) 

0.345 

1.36  (0.57,3.23) 

0.492 

1.27  (0.35,4.58) 

0.715 

Enlisted 

Groundcrew 

0.96  (0.70,1.32) 

0.821 

0.65  (0.35,1.22) 

0.180 

0.69  (0.16,2.87) 

0.607 

iililifg  S  IP  ® 


■ 


jfljsjji 

None 

Moderate 

imn 


Low 

160 

93  (58.1) 

52  (32.5) 

11  (6.9) 

4  (2.5) 

Medium 

161 

94  (58.4) 

56  (34.8) 

8  (5.0) 

3(1.9) 

High _ 

160 

121  (75.6) 

32  (20.0) 

7  (4.4) 

0  (0.0) 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 


«>  MODE,.  2,  RANCH  HANDS  —  INITIAL  DIOXIN  UNADJUSTED 

IftlllP’  :  ‘  Analysis  Results  for  Log*  (Initial  Dioxin)* 

M.ld  vs.  None  Moderate  vs.  None 

\  1,  '%  f3-  c 

ESm"'Sk  p-Vaiue 

Est.  Relative  Risk  ; 

(95%  C.I.)b  p-Value 

:  •••: 

• 

Est.  Relative  Risk 

(95%  €.l.)b  P-Value  : 

0.79  (0.67,0.93)  0.005 

0.87(0.63,1.20)  0.393 

0.53(0.24,1.21)  0.131 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
b  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


MfcfMODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 

V  s'",  .  -  ,  >  WyW'  f  ‘  !  a  *•  4.  !“^|  »  1 

/T"  r  ??*V !>*}*?:»■■» y-,  ^ JJ1  '  |2f 4  (Initial ’Dioxin); 

••  y  •  .  v.::'  ..V.  :y.;.  4  '.J  •:(■:{  :  I; : -1  •;••• ! 

Moderate  vs.  None 

4“ ,  SeVere;ys.  None 

l|j  J|;f  Ai^^ia^Risk  §|$  y  ■; 

11  (95%  C.I.)  p-Value 

Adj.  Relative  Risk 

(95  %  C.L)a  p- Value 

480  0.86(0.72,1.02)  0.082 

0.98  (0.67,1.42)  0.902 

0.63(0.28,1.44)  0.276 

a  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Results  not  adjusted  for  race,  occupation,  and  industrial  chemicals  exposure  because  of  the  sparse  number  of 
severe  obstructive  abnormalities. 
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Table  18-12.  Analysis  of  Obstructive  Abnormality  (Continued) 


(el  >  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

- — IINADJU^TEP  lift 

^  |  Dioxin  Category  il-fj 

!gg>|||i|||  Number  (%)*  jilsjF  f 

■  n 

ip’J  MStone  : 

Mild 

|  f  .  Moderate  ’1 

Severe 

Comparison 

1,211 

767  (63.3) 

356  (29.4) 

73  (6.0) 

15  (1.2) 

Background  RH 

381 

218  (57.2) 

131  (34.4) 

25  (6.6) 

7(1.8) 

Low  RH 

238 

134  (56.3) 

85  (35.7) 

13  (5.5) 

6  (2.5) 

High  RH 

243 

174  (71.6) 

55  (22.6) 

13  (5.3) 

1  (0.4) 

Low  plus  High  RH 

481 

308  (64.0) 

140(29.1) 

26  (5.4) 

7(1.5) 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


■  mil 


o 


D3: 


mm 


^-'CJNAMUSTED^ 


*3  <.  \  t  » ■ ts  >  j,  ■.  ,i.  w  •  a.  y ; ...  • 

Mild  ys.  No 

B3HBW 

1 

IWliHI 

pllittS' 

p- Value 

»  Adj.iRelafive  If  |  j4|i- 
; Risk  (95%  C.I.)a  .  :  p-Value ; ■; 

Adj.Relative  1  'f 

.  ,  .  ’hi; 

p-Value  :F| 

Comparison 

Background  RH 

1.26  (0.98,1.62) 

0.071 

1.14(0.70,1.85)  0.595 

1.42  (0.57,3.55) 

0.453 

Low  RH 

1.38(1.02,1.86) 

0.037 

1.03(0.56,1.92)  0.915 

2.37  (0.90,6.24) 

0.080 

High  RH 

0.70  (0.50,0.97) 

0.031 

0.82(0.44,1.52)  0.533 

0.33  (0.04,2.56) 

0.291 

Low  plus  High  RH 

0.98  (0.77,1.24) 

0.838 

0.92(0.58,1.47)  0.731 

0.88  (0.27,2.90) 

0.835 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 
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Table  18-12.  Analysis  of  Obstructive  Abnormality  (Continued) 


(t)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


:||^g||aS|^ory  5  || 

P5®iS® 

Mild  vs.  None 

Moderate  vs.  None 

<  1  If®!  SevereAs.Nbitt |  |  j;  Jrl 

cddrifAdji.'.Relati^e  ■ 

J|||1||||||B||| 

JdfAdj.  Relative 
j$isk(9S%  CX£j 

^p- Value 

>  Adj.  Relative  B" 
Risk  (95%  Ct) 

Comparison 

1,210 

Background  RH 

380 

1.21  (0.93,1.58) 

0.164 

1.22(0.73,2.04) 

0.440 

1.64  (0.62,4.34) 

0.323 

Low  RH 

237 

1.17(0.85,1.60) 

0.338 

0.78  (0.40,1.52) 

0.459 

1.75  (0.62,4.89) 

0.289 

High  RH 

243 

0.74  (0.52,1.06) 

0.096 

0.76  (0.39,1.49) 

0.429 

0.28  (0.03,2.26) 

0.232 

Low  plus  High  RH 

480 

0.93  (0.72,1.20) 

0.556 

0.77  (0.46,1.28) 

0.311 

0.69  (0.20,2.37) 

0.557 

a  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  £  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


**•  *  r:‘*  ••  ••  •  " :  ■'**  • :  ::  :: 


1987  Dioxin  Category  Summary  Statistics 


Wt 

pi  « 

i.:  ft: 


t  •  v  ;  •  (”V 


-  r  r/.  i 

■:  'M  ■  ;; 

■  . 

None 

iAiisiaiWMtiifts 

Moderate 

Severe 

Low 

288 

168  (58.3) 

97  (33.7) 

17  (5.9) 

6(2.1) 

Medium 

287 

161  (56.1) 

101  (35.2) 

20  (7.0) 

5  (1.7) 

High 

287 

197  (68.6) 

73  (25.4) 

14  (4.9) 

3  (1.0) 

Note:  Low  =  <7.9  ppt;  Medium  =  >7.9-19.6  ppt;  High  =  >19.6  ppt. 


•V  •  -v  ■■'y-ty  -i  ■  ;<;. 


vvuu 

tusiiia* 

mmm  Analysis  Results  for  Log2  (lM7  Dioxm+1)  f  !  tl 5 £11 

WWM  |j  MMMlG  derate  VS.  None  ^#4J  14  kh 

I  Rvalue.-  -:|3 

mu  i  iiiiiiiii 

ill  k  ilftfflw  i  4  « 

0.83  (0.75,0.92) 

<0.001 

0.86(0.70,1.05)  0.145 

0.70(0.47,1.04)  0.078 

1  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 


(h)  MODEL  4:  RANCH  HANDS  —  1987  DIOXIN  —  ADJUS 

. 

■rail 

ll||!|| 

1 

:;K  (pljilllllll 

■.;d:  :  -4BHBL . J! 

Adj.  Relative  Risk 

(95%  CL)‘  p- 

:•  •:...  •  .; 

Value 

r  ’*  4  1  "  if  •.  4  v)  r*| 

860  0.91  (0.80,1.04)  0.177  | 

0.87  (0.67,1.12) 

0.269 

0.78  (0.50,1.22)  0.272 

a  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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In  each  of  the  unadjusted  and  adjusted  Model  2  analyses,  a  significant  or  marginally  significant  decreased 
risk  of  mild  obstructive  abnormalities  for  increasing  initial  dioxin  levels  was  revealed  (Table  18-12(c,d): 
Est.  RR=0.79,  p=0.005;  Adj.  RR=0.86,  p=0.082,  respectively).  The  percentages  of  mild  obstructive 
abnormalities  in  the  low,  medium,  and  high  initial  dioxin  categories  were  32.5,  34.8,  and  20.0, 
respectively.  No  significant  difference  was  seen  in  the  moderate  versus  no  obstructive  abnormalities 
contrast  or  the  severe  versus  no  obstructive  abnormalities  contrast  (p>0.13  for  all  analyses). 

The  unadjusted  Model  3  analysis  revealed  three  significant  or  marginally  significant  differences  between 
Ranch  Hands  and  Comparisons  in  the  percentage  of  participants  with  mild  abnormalities.  Ranch  Hands 
in  the  background  dioxin  category  had  a  higher  percentage  of  mild  obstructive  abnormalities  than  did 
Comparisons  (Table  18- 12(e):  34.4%  vs.  29.4%,  Est.  RR=1.26,  p=0.071),  as  did  Ranch  Hands  in  the  low 
dioxin  category  (Table  18-12(e):  35.7%  vs.  29.4%,  Est.  RR=1.38,  p=0.037).  Ranch  Hands  in  the  high 
dioxin  category  had  a  lower  percentage  of  mild  obstructive  abnormalities  than  did  Comparisons  (Table 
18- 12(e):  22.6%  vs.  29.4%,  Est.  RR=0.70,  p=0.031).  A  marginally  significant  greater  percentage  of 
Ranch  Hands  in  the  low  dioxin  category  had  a  severe  obstructive  abnormality  than  did  Comparisons 
(Table  18-12(e):  2.5%  vs.  1.2%,  Est.  RR=2.37,  p=0.080).  After  adjusting  for  covariates,  only  the 
difference  in  mild  obstructive  abnormalities  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons  remained  marginally  significant  (Table  18- 12(f):  Adj.  RR=0.74,  p=0.096).  No  significant 
difference  was  detected  in  the  moderate  versus  no  obstructive  abnormalities  contrast  (p>0.3 1  for  all 
analyses). 

The  unadjusted  Model  4  analysis  showed  a  significant  or  marginally  significant  decreased  risk  of  mild 
and  severe  obstructive  abnormalities  with  increasing  1987  dioxin  levels  (Table  18-12(g):  Est.  RR=0.83, 
p<0.001,  for  the  mild  versus  no  obstructive  abnormalities  contrast;  Est.  RR=0.70,  p=0.078,  for  the  severe 
versus  no  obstructive  abnormalities  contrast).  The  percentages  of  mild  obstructive  abnormalities  in  the 
low,  medium,  and  high  1987  dioxin  categories  were  33.7,  35.2,  and  25.4,  respectively.  The  percentages 
of  severe  obstructive  abnormalities  in  the  low,  medium,  and  high  1987  dioxin  categories  were  2.1,  1.7, 
and  1.0,  respectively.  After  adjusting  for  co variates,  both  contrasts  became  nonsignificant  (p>0.17  for 
each  contrast).  No  significant  difference  was  observed  in  the  moderate  versus  no  obstructive 
abnormalities  contrast  (p>0.14  for  all  analyses). 

18.2.3  Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  the  ratio  of  observed  FEVi  to  observed  FVC  to  examine 
whether  changes  across  time  differed  with  respect  to  group  membership  (Model  1),  initial  dioxin  (Model 
2),  and  categorized  dioxin  (Model  3).  Model  4  was  not  examined  in  longitudinal  analyses  because  1987 
dioxin,  the  measure  of  exposure  in  these  models,  changes  over  time  and  was  not  available  for  all 
participants  for  1982  or  1997.  Summary  statistics  are  provided  for  reference  purposes  for  the  1987  and 
1992  examinations.  This  measurement  was  not  collected  for  the  1985  follow-up  examination. 

The  longitudinal  analysis  for  the  ratio  of  observed  FEVj  to  observed  FVC  examined  the  paired  difference 
between  the  measurements  from  1982  and  1997.  These  paired  differences  measured  the  change  in  the 
ratio  over  time.  A  logarithmic  transformation  was  applied  to  1 .0  minus  this  ratio  prior  to  calculating  the 
paired  differences  for  analytic  purposes.  Each  of  the  three  models  used  in  the  longitudinal  analysis  was 
adjusted  for  age  and  the  ratio  as  measured  in  1982  (see  Chapter  7,  Statistical  Methods).  The  analyses  of 
Models  2  and  3  also  were  adjusted  for  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 
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18.2.3.1  Laboratory  Examination  Variable 

18.2.3.1.1  Ratio  of  Observed  FEV]  to  Observed  FVC 

The  Model  1  analysis  of  the  change  in  the  mean  ratio  of  observed  FEVi  to  observed  FVC  revealed  a 
significant  difference  between  Ranch  Hands  and  Comparisons  when  combining  all  occupations  (Table 
18- 13(a):  difference=-0.005,  p=0.048).  The  Ranch  Hand  group  had  a  decrease  in  the  mean  ratio  of 
0.057  from  1982  to  1997,  whereas  the  Comparison  group  showed  a  decrease  of  0.052.  Stratifying 
by  occupation  showed  a  marginally  significant  group  difference  among  the  enlisted  flyers 
(difference=-0.014,  p=0.072).  The  Ranch  Hand  enlisted  flyers  showed  a  decrease  in  the  mean  ratio  of 
0.072  between  1982  and  1997,  compared  to  a  decrease  of  0.058  for  the  Comparison  enlisted  flyers. 

The  Model  2  analysis  did  not  reveal  a  significant  association  between  the  change  in  the  ratio  of  observed 
FEVi  to  observed  FVC  and  initial  dioxin  (p=0.726). 

The  Model  3  analysis  of  the  change  in  the  ratio  of  observed  FEVi  to  observed  FVC  revealed  a  marginally 
significant  difference  between  the  low  and  high  dioxin  categories  combined  and  Comparisons  (Table 
18- 13(c):  difference=-0.004,  p=0.052).  The  low  and  high  dioxin  categories  combined  had  a  decrease  in 
the  mean  ratio  of  0.056  between  1982  and  1997,  versus  a  decrease  of  the  mean  ratio  of  0.052  for  the 
Comparison  category. 


Table  18-13.  Longitudinal  Analysis  of  the  Ratio  of  Observed  FEVt  to  Observed  FVC 


(a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


*  Occupational 

Examination 

||  Exam.  |f| 

.•'^MeanTff: 

Change* 

jj|p|  Change  |  jjjgjg 

1982 

1987 

1992 

1997 

AU 

Ranch  Hand 

0.817 

0.818 

0.764 

0.760 

-0.057 

-0.005 

0.048 

(817) 

(790) 

(795) 

(817) 

Comparison 

0.816 

0.818 

0.765 

0.764 

-0.052 

(973) 

(948) 

(953) 

(973) 

Officer 

Ranch  Hand 

0.810 

0.812 

0.755 

0.755 

-0.055 

-0.001 

0.763 

(311) 

(304) 

(306) 

(311) 

Comparison 

0.813 

0.812 

0.758 

0.760 

-0.054 

(380) 

(368) 

(375) 

(380) 

Enlisted 

Ranch  Hand 

0.812 

0.802 

0.746 

0.740 

-0.072 

-0.014 

0.072 

Flyer 

(148) 

(142) 

(145) 

(148) 

Comparison 

0.806 

0.807 

0.756 

0.748 

-0.058 

(143) 

(141) 

(141) 

(143) 

Enlisted 

Ranch  Hand 

0.826 

0.829 

0.779 

0.772 

-0.054 

-0.006 

0.152 

Groundcrew 

(358) 

(344) 

(344) 

(358) 

Comparison 

0.821 

0.826 

0.775 

0.773 

-0.048 

(450) 

(439) 

(437) 

(450) 

a  Transformed  from  natural  logarithm  scale  of  (1  —  ratio  of  observed  FEVi  to  observed  FVC). 
b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  (1  -  ratio  of  observed  FEVi  to  observed  FVC);  results  adjusted 
for  natural  logarithm  of  (1  -  ratio  of  observed  FEVi  to  observed  FVC)  in  1982  and  age  in  1997. 

Note:  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for  participants  who 
attended  the  1982,  1992,  and  1997  examinations. 
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Table  18-13.  Longitudinal  Analysis  of  the  Ratio  of  Observed  FEVi  to  Observed  FVC 
(Continued) 


(b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


,  Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)b 

Mean7(n) 

Examination 

Adjusted  Slope 
(Std.  Error) 

lit  ;j|  'p^ValueJlff; 

iliiiii 

1987 

'mmm 

1997 

Low 

0.816 

0.815 

0.759 

0.757 

0.003  (0.009) 

(154) 

(153) 

(149) 

(154) 

Medium 

0.816 

0.813 

0.763 

0.755 

(158) 

(155) 

(155) 

(158) 

High 

0.835 

0.842 

0.792 

0.785 

(153) 

(148) 

(150) 

(153) 

a  Transformed  from  natural  logarithm  scale  of  (1  -  ratio  of  observed  FEV]  to  observed  FVC). 
b  Results  based  on  difference  between  natural  logarithm  of  (1  —  1997  ratio  of  observed  FEVi  to  observed  FVC)  and 
natural  logarithm  of  (1  —  1982  ratio  of  observed  FEVi  to  observed  FVC)  versus  log2  (initial  dioxin);  results  adjusted 
for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  (1  -  1982  ratio  of  observed 
FEVi  to  observed  FVC),  and  age  in  1997;  because  of  the  transformation  used,  a  negative  slope  implies  a  positive 
association  between  the  ratio  and  log2  (initial  dioxin). 

Note:  Low  =  27-63  ppt;  Medium  =  >63-152  ppt;  High  =  >152  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 

1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1992,  and  1997  examinations. 
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Table  18-13.  Longitudinal  Analysis  of  the  Ratio  of  Observed  FEVi  to  Observed  FVC 
(Continued) 


(c)  MODEL  3s  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


IS? 

SiHii 

Meana/(n) 

1987  1992 

mmi# 

■  Exam;  Ijjjf 

Changeb 

|j§  Diffei^hce  of  If 
Exam.  Mean 
Change 

p- Value* 

Comparison 

0.816 

0.818 

0.765 

0.763 

-0.052 

(945) 

(922) 

(926) 

(945) 

Background 

0.810 

0.809 

0.754 

0.752 

-0.059 

-0.007 

0.486 

RH 

(346) 

(329) 

(336) 

(346) 

Low  RH 

0.819 

0.816 

0.763 

0.758 

-0.061 

-0.009 

0.109 

(229) 

(226) 

(222) 

(229) 

High  RH 

0.826 

0.831 

0.780 

0.774 

-0.052 

0.000 

0.161 

(236) 

(230) 

(232) 

(236) 

Low  plus 

0.822 

0.823 

0.772 

0.766 

-0.056 

-0.004 

0.052 

High  RH 

(465) 

(456) 

(454) 

(465) 

a  Transformed  from  natural  logarithm  scale  of  (1  -  ratio  of  observed  FEVj  to  observed  FVC). 
b  Difference  between  1997  and  1982  examination  means  after  transformation  to  original  scale. 
c  P- value  is  based  on  analysis  of  natural  logarithm  of  (1  -  1997  ratio  of  observed  FEVi  to  observed  FVC);  results 
adjusted  for  percent  body  fat  at  the  date  of  the  blood  measurement  of  dioxin,  natural  logarithm  of  (1  -  1982  ratio  of 
observed  FEV,  to  observed  FVC),  and  age  in  1997. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 

Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants  who  attended  the  1982, 
1987,  and  1997  examinations.  Summary  statistics  for  1992  are  provided  for  reference  purposes  for 
participants  who  attended  the  1982,  1992,  and  1997  examinations. 


18.3  DISCUSSION 

Although  the  presence  of  pulmonary  disease  is  often  apparent  based  on  the  participant’s  history  and 
physical  examination,  confirmation  of  the  diagnosis  and  quantification  of  the  degree  of  pulmonary 
impairment  usually  requires  collection  of  the  laboratory  data  analyzed  in  the  current  chapter.  In  addition, 
because  the  lung  is  often  involved  secondarily  in  numerous  infectious,  inflammatory,  and  neoplastic 
disorders,  the  assessment  of  lung  disease  should  include  the  type  of  comprehensive  multi-system  review 
conducted  in  these  examinations  and  reported  in  other  chapters. 

Historical  information  on  the  occurrence  of  pulmonary  disease  must  be  interpreted  with  caution  in  the 
absence  of  medical  record  verification.  Many  of  the  cardinal  symptoms  of  lung  disease,  including 
dyspnea,  chest  pain,  and  exercise  intolerance,  are  common  to  cardiovascular  disease  as  well,  particularly 
ischemic  heart  disease,  and  are  misinterpreted  frequently  as  to  cause.  Wheezing,  assumed  by  the  patient 
to  be  indicative  of  asthma,  may  in  fact  be  reflective  of  hemodynamic  compromise  in  congestive  heart 
failure.  “Pneumonia”  and  “pneumonitis”  are  often  confused  by  patients  in  relating  the  medical  history. 
Thus,  all  episodes  of  pulmonary  disease  were  verified  by  medical  records  and  only  documented 
occurrences  were  analyzed. 
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The  physical  examination  variables  studied  can  provide  valuable  clues  to  the  presence  of  pulmonary 
disease;  however,  in  lacking  specificity,  these  data  have  limitations  in  confirming  a  diagnosis.  Wheezes 
and  hyperresonance,  for  example,  will  occur  in  obstructive  airway  disease  in  asthma  or  in  emphysema 
secondary  to  cigarette  use.  Dullness  to  percussion,  a  finding  common  to  many  disorders,  will  occur  in 
consolidation  from  atelectasis,  infections,  pleural  thickening,  or  pleural  effusion. 

In  view  of  the  limitations  of  the  participant’s  history  and  physical  examination  noted  above,  added 
emphasis  is  placed  on  screening  laboratory  data  in  the  diagnosis  of  respiratory  disease.  The  chest  x  ray, 
when  normal,  is  highly  reliable  in  excluding  pulmonary  parenchymal  disease,  although  several  exceptions 
must  be  recognized.  Solitary  lesions  less  than  6  millimeters,  miliary  granulomatous  infection,  and  early 
interstitial  disease,  among  others,  may  be  present  but  not  detectable  radiographically.  Furthermore,  it  is 
recognized  clinically  that  the  chest  x  ray  is  not  sensitive  to  the  detection  of  obstructive  airway  disease  in 
an  early  stage.  On  the  other  hand,  the  chest  x  ray  may  reveal  an  early  occult  malignancy  in  an 
asymptomatic  patient  and  afford  a  rare  opportunity  for  cure. 

Spirometry  has  been  used  as  a  clinical  tool  to  measure  static  lung  volumes  and  to  detect  respiratory 
disease  for  more  than  a  century.  Dynamic  indices,  relating  changes  in  lung  volume  to  time,  were  first 
developed  more  than  50  years  ago  and,  with  computerization,  have  been  refined  to  a  high  degree  of 
accuracy  and  reproducibility.  To  be  valid,  spirometry  requires  that  particular  attention  be  paid  to 
technician  training  and  to  eliciting  the  full  cooperation  of  the  patient.  In  spirometry,  a  premium  is  placed 
on  using  identical  techniques  in  longitudinal  studies.  These  factors  received  special  emphasis  in  this 
study. 

The  spirometric  indices  evaluated  in  this  section,  FEVi  and  FVC,  are  designed  to  measure  lung  volume. 
Height  is  the  principal  determinant  of  static  lung  volume,  as  measured  by  the  vital  capacity,  whereas 
dynamic  flow  measurements  depend  more  on  physical  strength.  Accordingly,  all  indices  require 
correction  for  height  and  age.  Race-specific  variations  in  spirometric  indices,  reflective  of  differences  in 
body  habitus,  have  been  well  documented  and  recently  summarized  (44).  Blacks,  for  example,  have  FVC 
and  FEVi  values  that  average  12  to  15  percent  less  than  Caucasian  Americans  of  comparable  height. 

In  clinical  practice,  it  is  convenient  to  divide  respiratory  disease  into  two  broad  categories:  “restrictive” 
and  “obstructive.”  “Restrictive”  disease  is  characterized  by  reduced  vital  capacity  as  seen  in  interstitial 
fibrosis  or  reduced  lung  volume  consequent  to  surgical  resection.  In  “obstructive”  disease,  whether 
associated  with  asthma  or  with  cigarette  use,  the  flow-dependent  index,  FEVi,  is  abnormally  prolonged. 

The  analyses  of  the  dependent  variable-covariate  associations  confirm  observations  that  are  well 
established  in  clinical  practice.  Lifetime  cigarette  smoking  history  was  a  consistent  and  highly  significant 
risk  factor  for  the  development  of  bronchitis  and,  in  a  dose-response  pattern,  associated  with 
abnormalities  in  all  of  the  laboratory  indices  examined.  At  each  of  the  AFHS  examinations,  all  nicotine- 
dependent  participants  were  counseled  on  smoking  cessation.  Of  interest,  over  the  15-year  course  of 
these  examinations,  the  percentage  of  nicotine-dependent  participants  has  fallen  from  42  percent  in  1982 
to  just  under  20  percent  in  1997.  With  advancing  age,  an  increase  in  respiratory  disease  was  confirmed 
by  history  and  on  physical  examination,  as  was  a  progressive  age-related  reduction  in  the  dynamic  index 
of  pulmonary  function,  the  FEVi  and,  to  a  lesser  extent,  the  vital  capacity.  Because  spirometric  indices 
were  not  corrected  for  race  in  this  follow-up  examination,  Blacks  were  found  to  have  reductions  of 
approximately  10  percent  in  FVC,  FEVi,  and  the  ratio  of  observed  FEVi  to  observed  FVC.  Finally,  the 
analyses  of  body  fat  confirmed  the  well  recognized  reduction  in  vital  capacity  and  its  derived  indices 
associated  with  obesity. 
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The  analyses  of  historical  variables  yielded  inconsistent  results.  Ranch  Hands  were  more  likely  than 
Comparisons  to  have  had  bronchitis  and  asthma,  whereas  the  prevalence  of  pneumonia  was  greater  in 
Comparisons.  In  none  of  the  contrasts  were  the  differences  significant.  Similar  to  the  1992  examinations, 
but  of  unknown  cause.  Ranch  Hand  enlisted  flyers  appeared  to  be  at  selective  risk  relative  to  Comparisons 
with  respect  to  the  history  of  bronchitis  (27.8%  vs.  19.1%).  Within  this  occupational  stratum,  there  are  no 
longer  any  significant  group  differences  on  physical  examination  or  by  chest  x  ray.  Further,  in  none  of 
these  analyses  was  there  any  relation  with  the  body  burden  of  dioxin. 

A  significantly  increased  risk  of  mild  obstructive  abnormality  was  found  in  Ranch  Hand  officers.  This 
finding  was  not  present  in  1992.  The  meaning  of  the  finding  is  uncertain  because  the  risk  was  not 
significantly  increased  in  Ranch  Hand  enlisted  groundcrew — the  subgroup  with  the  highest  dioxin  levels. 
The  relation  between  mild  obstructive  abnormality  in  Ranch  Hand  officers  and  indicators  of  herbicide 
exposure,  such  as  job  (pilot,  navigator,  nonflyer),  the  number  of  missions  flown,  the  percentage  of 
missions  that  were  herbicide  missions,  and  reported  drinking  of  herbicide  (yes,  no)  will  be  summarized  in 
a  separate  report. 

In  none  of  the  static  and  dynamic  spirometric  indices  were  any  significant  group  differences  defined,  nor 
was  there  evidence  for  any  adverse  effect  associated  with  prior  dioxin  exposure. 

Longitudinal  analyses  of  the  ratio  of  observed  FEVi  to  observed  FVC  confirms  the  gradual  decline  in  this 
index  associated  with  age  in  both  the  Ranch  Hand  and  Comparison  cohorts.  Similar  to  the  1992  results, 
in  the  enlisted  flyer  category.  Ranch  Hands  had  a  slightly  greater  reduction  in  the  ratio  than  did 
Comparisons,  but  the  difference  (-0.072  vs.  -0.058)  is  not  physiologically  meaningful. 

In  conclusion,  apart  from  the  marginally  significant  increase  in  bronchitis  in  enlisted  flyers  noted  above, 
the  historical,  physical  examination,  and  laboratory  data  analyzed  in  the  current  section  revealed  no 
evidence  for  an  increase  in  pulmonary  disease  in  the  Ranch  Hand  cohort  relative  to  Comparisons.  The 
results  also  confirmed  numerous  dependent  variable-covariate  associations  documented  in  previous 
AFHS  examinations. 


18.4  SUMMARY 

18.4.1  Model  1:  Group  Analysis 

A  marginally  significant  difference  in  bronchitis  was  observed  between  Ranch  Hand  and  Comparison 
enlisted  flyers  in  unadjusted  and  adjusted  analyses.  Ranch  Hand  enlisted  flyers  had  a  higher  prevalence 
of  bronchitis  than  did  Comparison  enlisted  flyers.  Ranch  Hand  officers  had  a  significantly  higher 
prevalence  of  mild  obstructive  abnormality  than  did  Comparison  officers  in  both  unadjusted  and  adjusted 
analyses.  All  other  tests  of  the  association  of  group  and  the  pulmonary  variables  were  nonsignificant. 
The  results  of  the  group  analyses  are  summarized  in  Table  18-14. 
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Table  18-14.  Summary  of  Group  Analysis  (Model  1)  for  Pulmonary  Variables  (Ranch  Hands  vs. 
Comparisons) 


UNADJUSTED 


All 

Officer 

|  Enlisted  Iff: 

HiiiWBii 

Enlisted 

||  Groundcirew 

Medical  Records 

Asthma  (D) 

NS 

NS 

ns 

NS 

Bronchitis  (D) 

NS 

NS 

NS* 

NS 

Pneumonia  (D) 

ns 

ns 

NS 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities  (D) 

NS 

NS 

NS 

ns 

Laboratory 

X-ray  Interpretation  (D) 

NS 

NS 

NS 

NS 

FVC(C) 

NS 

NS 

NS 

NS 

FEV,  (C) 

ns 

ns 

ns 

NS 

Ratio  of  Observed  FEVi  to  Observed  FVC  (C)a 

ns 

ns 

ns 

NS 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

ns 

NS 

ns 

NS 

Moderate  or  Severe  vs.  None 

ns 

NS 

ns 

ns 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

NS 

+0.034 

ns 

NS 

Moderate  vs.  None 

NS 

NS 

NS 

ns 

Severe  vs.  None 

NS 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00  for  discrete  analysis. 

difference  of  means  negative  considered  adverse  for  this  variable. 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


'■  ■  ■  '  < V  /  .  ■■•'<•  '  c:  ■  .  •  ' 

AH 

IS?  Officer  |f§ 

w» jSlyer.  ■ , 

Medical  Records 

Asthma  (D) 

NS 

NS 

ns 

NS 

Bronchitis  (D) 

NS 

NS 

NS* 

NS 

Pneumonia  (D) 

ns 

ns 

NS 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities  (D) 

ns 

NS 

ns 

ns 

Laboratory 

X-ray  Interpretation  (D) 

NS 

NS 

NS 

NS 

FVC  (C) 

NS 

NS 

NS 

NS 

FEV,  (C) 

NS 

NS 

ns 

NS 

Ratio  of  Observed  FEV,  to  Observed  FVC  (C)a 

ns 

ns 

ns 

NS 
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Table  18-14.  Summary  of  Group  Analysis  (Model  1)  for  Pulmonary  Variables  (Ranch 
Hands  vs.  Comparisons)  (Continued) 


ADJUSTED  1 

All 

Officer 

Enlisted 
/•  Flyer’  j  : 

j|  1  'Enlisted 
Groundcrew 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

ns 

NS 

ns 

NS 

Moderate  or  Severe  vs.  None 

ns 

NS 

ns 

ns 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

NS 

+0.041 

ns 

ns 

Moderate  vs.  None 

ns 

NS 

NS 

ns 

Severe  vs.  None 

NS 

NS 

NS 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  £  1.00  for  discrete  analysis. 

“Difference  of  means  negative  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


18.4.2  Model  2:  Initial  Dioxin  Analysis 

The  results  of  the  tests  of  association  between  the  pulmonary  variables  and  initial  dioxin  are  summarized 
in  Table  18-15.  For  the  unadjusted  analysis  of  pneumonia,  a  significant  decrease  in  pneumonia  was  found 
as  initial  dioxin  increased.  After  covariate  adjustment,  the  association  was  no  longer  significant.  The 
ratio  of  the  observed  FEVi  to  the  observed  FVC  significantly  increased  as  initial  dioxin  increased,  but  this 
association  was  also  nonsignificant  after  adjustment  for  covariates.  The  prevalence  of  a  mild  obstructive 
abnormality  significantly  decreased  as  initial  dioxin  increased  in  the  unadjusted  analysis.  This  association 
was  marginally  significant  after  adjustment  for  covariates.  All  other  tests  of  association  with  initial 
dioxin  were  nonsignificant. 


Table  18-15.  Summary  of  Initial  Dioxin  Analysis  (Model  2)  for  Pulmonary  Variables  (Ranch  Hands 
Only) 


Variable 

Medical  Records 

Asthma  (D) 

NS 

NS 

Bronchitis  (D) 

NS 

NS 

Pneumonia  (D) 

ns* 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities 

NS 

NS 

Laboratory 

X-ray  Interpretation  (D) 

ns 

ns 

FVC  (C) 

NS 

ns 

FEV!  (C) 

NS 

NS 
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Table  18-15.  Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Pulmonary  Variables 
(Ranch  Hands  Only)  (Continued) 


Variable 

A  Unadjusted  ,  < 

1 1 1  Adjusted 

Ratio  of  Observed  FEVi  to  Observed  FVC  (C)a 

-0.023 

ns 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

ns 

ns 

Moderate  or  Severe  vs.  None 

ns 

NS 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

-0.005 

ns* 

Moderate  vs.  None 

ns 

ns 

Severe  vs.  None 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 
a  Positive  slope  considered  adverse  for  this  variable;  a  negative  slope  implies  an  increase  in  the  ratio  because 
of  the  data  transformation  used. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


18.4.3  Model  3:  Categorized  Dioxin  Analysis 

The  results  of  the  categorized  dioxin  analysis  of  the  pulmonary  variables  are  summarized  in  Table  18-16. 
Ranch  Hands  in  the  background  dioxin  category  showed  a  marginally  significant  increase  in  bronchitis 
relative  to  Comparisons  in  the  adjusted  analysis.  For  the  unadjusted  and  adjusted  analyses  of  the  x-ray 
interpretation,  the  background  Ranch  Hands  exhibited  a  significantly  higher  percentage  of  abnormalities 
on  the  x  ray  than  Comparisons.  Unadjusted  analyses  revealed  a  higher  prevalence  of  a  mild  obstructive 
abnormality  for  Ranch  Hands  in  the  background  and  low  dioxin  categories  than  for  Comparisons.  These 
differences  between  Ranch  Hands  and  Comparisons  became  nonsignificant  after  adjustment  for 
covariates.  Ranch  Hands  in  the  high  dioxin  category  had  a  significantly  smaller  prevalence  of  a  mild 
obstructive  abnormality  than  did  Comparisons  without  adjustment  for  covariates.  The  prevalence  was 
marginally  significant  after  adjustment  for  covariates.  Unadjusted  analyses  revealed  a  marginally  higher 
prevalence  of  a  severe  obstructive  abnormality  between  Ranch  Hands  in  the  low  dioxin  category  and 
Comparisons.  This  difference  between  Ranch  Hands  and  Comparisons  became  nonsignificant  after 
adjustment  for  covariates. 
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Table  18-16.  Summary  of  Categorized  Dioxin  Analysis  (Model  3)  for  Pulmonary  Variables  (Ranch 
Hands  vs.  Comparisons) 

||  !H||  UNADJUSTED  ff|ff§  §| 

Background  iJi 

Low 

*!isp*ii*i 

s  Low  plus  High 

|4  Ranch  Hands 

Ranch  Hands 

Ranch  Hands  |i| 

|i  Ranch  Hands  ® 

Variable 

vs.  Comparisons 

l  ys.  Comparisons 

vs.  Comparisons 

Medical  Records 

Asthma  (D) 

NS 

NS 

NS 

NS 

Bronchitis  (D) 

NS 

NS 

NS 

NS 

Pneumonia  (D) 

ns 

NS 

ns 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities  (D) 

ns 

NS 

NS 

NS 

Laboratory 

X-ray  Interpretation  (D) 

+0.013 

NS 

ns 

ns 

FVC  (C) 

NS 

ns 

NS 

ns 

FEV!  (C) 

ns 

ns 

NS 

ns 

Ratio  of  Observed  FEVi  to  Observed 

ns 

ns 

NS 

NS 

FVC  (C)a 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

NS 

ns 

ns 

ns 

Moderate  or  Severe  vs.  None 

NS 

ns 

ns 

ns 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

NS* 

+0.037 

-0.031 

ns 

Moderate  vs.  None 

NS 

NS 

ns 

ns 

Severe  vs.  None 

NS 

NS* 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00  for  discrete  analysis. 

-:  Relative  risk  <  1.00  for  discrete  analysis. 
a  Difference  of  means  negative  considered  adverse  for  this  variable. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


Medical  Records 


Asthma  (D) 

NS 

NS 

NS 

NS 

Bronchitis  (D) 

NS* 

ns 

NS 

NS 

Pneumonia  (D) 

ns 

ns 

ns 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities  (D) 

ns 

NS 

NS 

NS 

Laboratory 

X-ray  Interpretation  (D) 

+0.004 

NS 

ns 

ns 
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Table  18-16.  Summary  of  Categorized  Dioxin  Analysis  (Mode!  3)  for  Pulmonary  Variables 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


ADJUSTED 


.  <1  x  •?"' ’j;  i  ,  , 

p;|  x 

1  yRanch  Hands 
vs.  Comparisons 

High  ||| 
Ranch  Hands  : 
vs.  Comparisons 

Low  plus  High 
v  Ranch  Hands 
vs.  Comparisons 

FVC  (C) 

ns 

NS 

NS 

NS 

FEV]  (C) 

ns 

NS 

NS 

NS 

Ratio  of  Observed  FEV  ( to  Observed 

ns 

NS 

NS 

NS 

FVC  (C)a 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

NS 

ns 

ns 

ns 

Moderate  or  Severe  vs.  None 

NS 

ns 

ns 

ns 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

NS 

NS 

ns* 

ns 

Moderate  vs.  None 

NS 

ns 

ns 

ns 

Severe  vs.  None 

NS 

NS 

ns 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  £  1 .00  for  discrete  analysis. 
a  Difference  of  means  negative  considered  adverse  for  this  variable 

P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  differences  of  means 
nonnegative  for  continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 


18.4.4  Model  4:  1987  Dioxin  Level  Analysis 

The  adjusted  analysis  of  thorax  and  lung  abnormalities  revealed  a  marginally  significant  association 
between  the  prevalence  of  abnormalities  and  1987  dioxin.  The  prevalence  of  abnormalities  increased  as 
1987  dioxin  increased.  The  unadjusted  and  adjusted  analyses  of  the  x-ray  interpretation  each  exhibited  a 
significant  decrease  in  the  prevalence  of  an  x  ray  with  abnormalities  with  an  increase  in  1987  dioxin.  The 
ratio  of  the  observed  FEVj  to  the  observed  FVC  significantly  increased  as  1987  dioxin  increased,  but  this 
association  was  nonsignificant  after  adjustment  for  covariates.  The  adjusted  analysis  for  a  mild  loss  of 
vital  capacity  revealed  a  significant  decrease  in  the  loss  of  vital  capacity  as  1987  dioxin  increased.  The 
prevalence  of  a  mild  obstructive  abnormality  significantly  decreased  as  1987  dioxin  increased  in  the 
unadjusted  analysis.  This  association  was  nonsignificant  after  adjustment  for  covariates.  The  prevalence 
of  a  severe  obstructive  abnormality  showed  a  marginally  significant  decrease  as  1987  dioxin  increased, 
but  this  association  was  also  nonsignificant  after  adjustment  for  covariates.  The  results  for  the  variables 
described  above,  as  well  as  the  other  pulmonary  variables,  are  summarized  in  Table  18-17. 
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Table  18-17.  Summary  of  1987  Dioxin  Analysis  (Model  4)  for  Pulmonary  Variables  (Ranch 
Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Medical  Records 

Asthma  (D) 

NS 

NS 

Bronchitis  (D) 

ns 

ns 

Pneumonia  (D) 

ns 

ns 

Physical  Examination 

Thorax  and  Lung  Abnormalities  (D) 

NS 

NS* 

Laboratory 

X-ray  Interpretation  (D) 

-0.015 

-0.015 

FVC(C) 

ns 

NS 

FEV!  (C) 

NS 

NS 

Ratio  of  Observed  FEVi  to  Observed  FVC  (C)a 

-<0.001 

ns 

Loss  of  Vital  Capacity  (D): 

Mild  vs.  None 

ns 

-0.046 

Moderate  or  Severe  vs.  None 

ns 

ns 

Obstructive  Abnormality  (D): 

Mild  vs.  None 

-<0.001 

ns 

Moderate  vs.  None 

ns 

ns 

Severe  vs.  None 

ns* 

ns 

Note:  NS  or  ns:  Not  significant  (p>0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05<p<0.10). 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

-:  Relative  risk  <1.00  for  discrete  analysis;  slope  negative  for  continuous  analysis. 

a  Positive  slope  considered  adverse  for  this  variable;  a  negative  slope  implies  an  increase  in  the  ratio  because 
of  the  data  transformation  used. 

P- value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis.  A  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 


18.5  CONCLUSION 

To  assess  the  pulmonary  status  for  the  1997  AFHS  follow-up  examination,  verified  histories  of  asthma, 
bronchitis,  and  pneumonia  were  studied.  A  composite  measure  of  thorax  and  lung  abnormalities,  as 
determined  from  the  presence  of  asymmetrical  expansion,  hyperresonance,  dullness,  wheezes,  rales, 
chronic  obstructive  pulmonary  diseases,  or  the  physician’s  assessment  of  abnormality,  also  was  analyzed. 
A  routine  chest  x  ray  and  five  measures  of  pulmonary  function  using  standard  spirometric  techniques 
were  analyzed. 

Few  significant  increases  in  adverse  pulmonary  conditions  were  observed  for  Ranch  Hands,  and  isolated 
and  inconsistent  associations  between  the  pulmonary  endpoints  and  increased  dioxin  were  seen.  No 
consistent  pattern  or  dose-response  relation  was  evident.  Ranch  Hands  in  the  background  dioxin  category 
exhibited  a  significantly  higher  percentage  of  abnormalities  on  the  chest  x-ray  than  did  Comparisons. 
Ranch  Hand  officers  had  a  significantly  higher  prevalence  of  mild  obstructive  abnormality  than  did 
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Comparison  officers;  the  corresponding  contrast  was  not  significant  in  1992,  and  officers  were  not 
analyzed  as  a  separate  stratum  in  1982,  1985,  or  1987. 

In  summary,  analysis  of  historical,  physical  examination,  and  laboratory  data  revealed  no  relation 
between  dioxin  levels  and  pulmonary  disease;  however,  the  prevalence  of  mild  obstructive  abnormalities 
was  significantly  increased  in  Ranch  Hand  officers.  The  meaning  of  this  finding  is  unclear  because  the 
risk  was  not  significantly  increased  in  Ranch  Hand  enlisted  groundcrew — the  military  occupation  with  the 
highest  dioxin  levels. 
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19  CONCLUSIONS 


19.1  INTRODUCTION 

This  section  summarizes  the  conclusions  drawn  from  the  statistical  analyses  of  data  from  the  1997 
follow-up  examination  of  the  Air  Force  Health  Study  (AFHS).  The  1997  follow-up  examination  was  an 
extension  of  the  baseline,  1985,  1987,  and  1992  follow-up  examinations.  Health  endpoints  measured  at 
the  1997  examination  were  analyzed  for  associations  with  herbicide  exposure  and  body  burden  of  serum 
dioxin  and  were  examined  longitudinally  in  relation  to  data  from  previous  AFHS  examinations.  A  full 
explanation  of  the  study  design  and  methodology,  terminology,  and  interpretive  considerations  is 
provided  in  Chapters  1  through  8  of  this  report. 


19.2  STUDY  PERFORMANCE  ASPECTS 

A  total  of  2,121  veterans  participated  in  the  1997  follow-up  examination.  Of  the  1,101  eligible  Ranch 
Hands,  870  (79.0%)  participated  in  the  1997  follow-up  examination.  Participation  was  voluntary  and 
consent  forms  were  signed  by  the  participant  at  the  examination  site.  A  total  of  839  of  the  1,151  eligible 
Original  Comparisons  (72.9%)  participated.  Of  the  768  Replacement  Comparisons  eligible  for  the  1997 
follow-up  examination,  412  (53.6%)  chose  to  attend  the  examination.  A  total  of  1,251  Comparisons 
attended  the  1997  follow-up  examination.  Eighty-six  percent  (819  of  949)  of  living  Ranch  Hands  and  87 
percent  of  living  Comparisons  (976  of  1,116)  who  were  fully  compliant  at  the  baseline  examination 
returned  for  the  1997  follow-up  examination. 

Although  more  Comparisons  than  Ranch  Hands  refused  to  participate  in  the  1997  follow-up  examination, 
there  were  no  significant  differences  in  the  reasons  for  refusal  among  the  two  groups.  Logistics  and 
health  reasons  were  the  most  common  reasons  for  refusal,  although  approximately  25  percent  of 
noncompliant  veterans  were  deemed  hostile  and  a  reason  for  refusal  was  not  determined.  Approximately 
91  percent  of  noncompliant  Original  Comparisons  were  either  replaced  or  required  no  replacement  (e.g., 
the  Original  Comparison  was  deceased  and  no  Replacement  Comparison  had  been  contacted  previously). 

Ranch  Hands  reported  fair  or  poor  health  more  often  than  did  Comparisons.  This  pattern  of  Ranch 
Hands  reporting  poorer  health  has  been  observed  since  the  baseline  examination.  In  both  groups, 
veterans  who  refused  were  more  likely  to  report  fair  or  poor  health  than  those  who  were  fully  compliant. 
Ranch  Hands  reported  a  slightly  higher  use  of  medications,  but  no  difference  was  seen  in  reported  work 
loss  between  Ranch  Hands  and  Comparisons. 

In  summary,  the  results  of  these  analyses  suggested  that  Ranch  Hands  may  be  reporting  poorer  health 
than  Comparisons  and  that  these  group  differences  are  present  for  both  fully  compliant  participants  and 
refusals.  This  holds  true  even  after  accounting  for  rank  and  age  differences.  In  addition,  the  difference 
in  the  percentage  of  fully  compliant  participants  and  refusals  reporting  fair  or  poor  health  was  similar  for 
Ranch  Hands  and  Comparisons. 


19.3  STATISTICAL  MODELS 

The  analysis  of  the  1997  follow-up  examination  results  used  four  statistical  models  to  evaluate  the 
relation  between  the  health  status  of  study  participants  and  their  dioxin  exposure  and  serum  dioxin  levels. 
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The  first  model  specified  contrasts  between  Ranch  Hands  and  Comparisons  using  group  as  a  proxy  for 
herbicide  exposure  and  did  not  incorporate  serum  dioxin  measurements.  The  remaining  three  models  all 
incorporated  serum  dioxin  measurements  in  either  1987  dioxin  levels  or  an  estimate  of  initial  exposure 
based  on  a  first-order  extrapolation  to  the  time  of  tour  of  duty  in  Southeast  Asia  (SEA).  The  four  models 
are  summarized  as  follows: 

s  Model  1 :  Ranch  Hands  versus  Comparisons,  for  all  military  occupations  (officer,  enlisted  flyer, 
enlisted  groundcrew)  combined  and  for  each  military  occupation  separately 

•  Model  2:  Estimated  initial  serum  dioxin  levels  using  Ranch  Hand  participants  with  greater  than 
10  parts  per  trillion  (ppt)  of  1987  lipid-adjusted  dioxin 

•  Model  3:  Ranch  Hands  categorized  according  to  serum  dioxin  levels  versus  Comparisons  with 
10  ppt  of  1987  lipid-adjusted  dioxin  or  less 

•  Model  4:  1987  lipid-adjusted  serum  dioxin  using  Ranch  Hands  only. 

In  Model  1,  the  use  of  group  and  occupation  as  a  surrogate  for  herbicide  exposure  was  less  subject  to  the 
possible  biases  based  on  health  conditions  that  may  occur  with  variation  in  dioxin  elimination  rates.  An 
implicit  underlying  assumption  was  that  Ranch  Hands  were  exposed  and  Comparisons  were  not  exposed 
to  herbicides.  Model  2  was  based  on  initial  dioxin  levels  that  were  extrapolated  from  lipid-adjusted 
dioxin  measurements  above  background  levels  (10  ppt),  assuming  first-order  kinetics  and  a  constant 
dioxin  elimination  rate.  These  lipid-adjusted  dioxin  measurements  were  collected  primarily  at  the  1987 
examination  and  supplemented  with  measurements  from  the  1992  or  1997  examination  when  a  1987 
measurement  was  not  available.  Model  3  was  less  dependent  on  the  accuracy  of  the  initial  dioxin 
estimation  algorithm,  but  all  Ranch  Hands  with  high  serum  dioxin  levels  were  treated  alike  without 
emphasizing  the  unusually  large  dioxin  doses  received  by  some  Ranch  Hands.  Model  4  was  based  on 
lipid-adjusted  dioxin  measurements  and  assumed  nothing  about  dioxin  elimination  other  than  that  Ranch 
Hands  were  exposed  in  Vietnam  and  their  body  burdens  have  decreased  over  time  in  an  unspecified 
manner.  The  extrapolated  initial  dose  and  lipid-adjusted  dioxin  measurements  may  not  be  accurate 
measures  of  exposure  if  elimination  rates  differed  among  individuals. 

Statistical  analyses  often  were  applied  to  clinical  endpoints  in  continuous  form  (i.e.,  original 
measurements)  as  well  as  in  discrete  form  (i.e.,  measurements  grouped  into  categories  based  on  abnormal 
levels).  Analyses  also  were  performed  to  account  for  the  effects  that  demographic  and  personal 
characteristics  (co variates)  may  have  had  on  the  clinical  measurements.  Such  analyses  are  termed 
“adjusted  analyses.”  The  relation  between  health  and  the  measures  of  exposure  in  the  four  models 
described  above  are  summarized  in  the  next  section.  The  relation  between  covariates  and  measures  of 
herbicide  or  dioxin  exposure  are  described  in  Chapter  8. 

Throughout  this  report,  dioxin  levels  were  used  as  measures  of  both  exposure  to  dioxin  itself  and 
exposure  to  dioxin-contaminated  herbicides,  including  Herbicide  Orange.  Direct  contrasts  of  Ranch 
Hand  and  Comparison  veterans  (Model  1)  address  the  hypothesis  of  health  effects  attributable  to  any 
herbicide  exposure  experienced  by  Ranch  Hand  veterans  during  Operation  Ranch  Hand.  Models 
involving  dioxin  levels  address  the  hypothesis  that  health  effects  change  with  the  amount  of  exposure. 
Dioxin  levels  were  used  as  a  measure  of  exposure  to  dioxin-contaminated  herbicides  because  it  was 
expected  that  as  exposure  to  such  herbicides  increased,  dioxin  levels  should  increase.  The  dioxin  levels, 
therefore,  served  as  a  direct  biomarker  of  exposure  to  dioxin-contaminated  herbicides.  No  other  direct 
measure  or  estimate  of  herbicide  exposure  is  available  to  address  hypothetical  dose-response  relations 
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with  health.  Some  indirect  measures,  such  as  self-report  of  skin  contact  among  enlisted  groundcrew,  or 
simply  being  a  Ranch  Hand  enlisted  groundcrew  member,  are  valuable  alternatives  because  dioxin 
measures  suggest  that  enlisted  groundcrew  experienced  the  heaviest  exposures.  Reported  skin  exposure 
was  not  addressed  in  this  report,  but  enlisted  groundcrew  status  was  used  in  Model  1.  The  use  of  dioxin 
as  a  surrogate  measure  of  exposure  to  dioxin-contaminated  herbicides  is  consistent  with  the  goal  of  the 
study,  which  is  to  determine  whether  health  effects  exist  and  can  be  attributed  to  occupational  exposure 
to  Herbicide  Orange. 


19.4  CLINICAL  RESULTS 

This  section  provides  the  conclusions  from  the  analyses  of  the  10  clinical  areas — general  health, 
neoplasia,  neurology,  psychology,  gastrointestinal,  cardiovascular,  hematology,  endocrine,  immunology, 
and  pulmonary.  Tables  G-l  through  G-24  of  Appendix  G  present  the  results  of  the  exposure  analyses  for 
each  of  the  four  models  for  257  health  endpoints  analyzed  in  the  10  clinical  chapters. 

19.4.1  General  Health  Assessment 

The  self-perception  of  health  analysis  revealed  significant  differences  between  Ranch  Hands  and 
Comparisons,  with  more  Ranch  Hands  than  Comparisons  indicating  their  health  as  fair  or  poor.  As  in 
previous  examinations,  the  difference  was  most  apparent  in  enlisted  groundcrew,  who  had  the  highest 
average  dioxin  levels.  This  observation  also  was  confirmed  in  the  categorized  dioxin  analysis,  where 
Ranch  Hands  with  the  highest  dioxin  levels  perceived  their  health  as  fair  or  poor  more  often  than 
Comparisons.  Also,  among  Ranch  Hands,  those  with  the  higher  1987  dioxin  levels  reported  fair  or  poor 
health  more  often  than  Ranch  Hands  with  lower  levels.  These  results  were  consistent  with  the  1985, 
1987,  and  1992  examinations.  No  group  differences  were  noted  in  the  appearance  of  illness  or  relative 
age,  as  recorded  by  examining  physicians,  nor  were  these  variables  correlated  with  serum  dioxin  levels  in 
the  Ranch  Hand  cohort. 

The  analysis  of  body  fat  indicated  positive  associations  with  dioxin  levels.  The  results  of  the  1997 
examination  confirmed  those  of  the  1992  examination  and  appear  consistent  with  a  difference  in  dioxin 
pharmacokinetics  in  obese  versus  lean  individuals. 

No  differences  in  the  percentages  of  abnormal  erythrocyte  sedimentation  rates  between  Ranch  Hands  and 
Comparisons  or  relations  between  abnormal  erythrocyte  sedimentation  rates  and  dioxin  levels  were 
observed  during  the  1997  examination.  Erythrocyte  sedimentation  rates  increased  as  1987  dioxin  levels 
increased. 

Longitudinal  analyses  showed  that  Ranch  Hands,  particularly  the  two  enlisted  strata,  had  a  greater 
percentage  of  abnormal  erythrocyte  sedimentation  rates  than  did  Comparisons  during  the  15  years  of  the 
study  since  1982.  These  analyses  also  showed  that  the  percentages  of  abnormalities  increased  from  1982 
to  1997  as  dioxin  levels  increased.  This  result  was  seen  at  the  1987  study,  but  not  in  1992.  This  positive 
association  raises  the  possibility  of  a  subtle  inflammatory,  infectious,  or  occult  malignant  disease  process 
related  to  the  body  burden  of  dioxin. 

In  conclusion,  fair  or  poor  self-perception  of  health  displayed  an  adverse  association  with  dioxin,  but  the 
relation  with  other  health  conditions  is  unknown.  Increased  body  fat  was  associated  with  increased 
levels  of  dioxin,  a  finding  most  likely  related  to  the  pharmacokinetics  of  dioxin.  Longitudinal  analyses 
indicated  an  increased  risk  of  an  abnormal  erythrocyte  sedimentation  rate  in  Ranch  Hands  over 
Comparisons  in  the  15  years  of  the  AFHS,  and  a  relation  between  abnormal  erythrocyte  sedimentation 
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rates  and  levels  of  dioxin  during  these  15  years.  Other  measures  of  general  health  revealed  no 
association  with  levels  of  dioxin. 

19.4.2  Malignant  Neoplastic  Diseases 

At  the  end  of  15  years  of  surveillance.  Ranch  Hands  as  a  group  exhibited  a  nonsignificant  increase  in  the 
risk  of  malignant  neoplastic  disease  relative  to  Comparisons  (relative  risk=1.06,  95%  confidence  interval: 
[0.80,1.41]).  Military  occupation  contrasts  were  inconsistent  and,  therefore,  not  supportive  of  an  adverse 
effect  of  herbicide  or  dioxin  exposure  on  the  occurrence  of  malignancies.  Ranch  Hand  enlisted 
groundcrew,  the  occupation  with  the  highest  dioxin  levels  and,  presumably,  the  highest  herbicide 
exposure,  exhibited  a  decreased  prevalence  (relative  risk=0.78,  95%  confidence  interval:  [0.51,1.19]). 
Enlisted  flyers  (relative  risk=1.63,  95%  confidence  interval:  [0.91,2.92])  and  officers  (relative  risk=1.14, 
95%  confidence  interval:  [0.79,1.65]),  occupations  with  lower  dioxin  levels,  exhibited  nonsignificant 
increases  in  the  prevalence  of  malignant  disease.  The  risk  of  malignant  disease  was  nonsignificantly 
increased  among  Ranch  Hands  having  the  highest  dioxin  levels  (relative  risk=1.01,  95%  confidence 
interval:  [0.66,1.57]).  Longitudinal  analyses  found  no  significant  group  differences  with  regard  to  the 
risk  of  malignancy  and  no  pattern  suggestive  of  an  adverse  relation  between  herbicide  or  dioxin  exposure 
and  the  occurrence  of  malignant  neoplastic  disease. 

19.4.3  Neurological  Assessment 

Four  neurological  disorders  and  extensive  physical  examination  data  on  cranial  nerve  function, 
peripheral  nerve  status,  and  central  nervous  system  coordination  processes  were  analyzed  in  the 
neurological  assessment.  Inflammatory  diseases,  as  verified  by  a  medical  records  review,  were  increased 
in  Ranch  Hands  relative  to  Comparisons  in  terms  of  both  a  group  designation  and  categorized  dioxin 
levels.  However,  three  of  the  seven  Ranch  Hand  diseases  were  caused  by  bacterial  infections,  suggesting 
that  this  finding  is  unrelated  to  herbicide  or  dioxin  exposure.  Peripheral  disorders,  as  verified  by  a 
medical  records  review,  increased  in  Ranch  Hands  as  levels  of  1987  dioxin  increased.  Neck  range  of 
motion  abnormalities  were  increased  in  Ranch  Hands  relative  to  Comparisons  in  terms  of  both  a  group 
designation  and  categorized  dioxin  levels.  The  increase  in  abnormalities  for  Ranch  Hands  relative  to 
Comparisons  was  noted  in  enlisted  flyers.  An  increase  in  the  risk  of  an  abnormal  muscle  status  was 
observed  in  Ranch  Hand  enlisted  groundcrew.  A  significant  association  between  initial  dioxin  and 
abnormalities  of  both  visual  fields  and  the  patellar  reflex  was  observed.  Indices  of  polyneuropathy 
showed  an  increase  in  the  prevalence  of  abnormality  in  Ranch  Hands  relative  to  Comparisons,  and  a 
positive  association  with  initial  dioxin,  categorized  dioxin,  and  1987  dioxin  levels. 

In  summary,  although  a  common  etiology  in  these  findings  is  not  apparent,  a  statistically  significant 
increase  in  neurological  disease  appears  in  Ranch  Hands  historically,  on  physical  examination,  and  as 
reflected  in  several  of  the  composite  polyneuropathy  indices.  Further,  the  associations  of  neck  range  of 
motion  with  categorized  dioxin  and  a  history  of  peripheral  disorders  with  1987  dioxin  provide  evidence 
of  an  association  of  neurological  disease  with  elevated  dioxin  levels.  The  results  of  the  analysis  of  the 
polyneuropathy  indices  also  provide  support  of  a  statistical  association  between  elevated  dioxin  levels 
and  neurological  disease;  however,  the  clinical  importance  of  this  finding  is  uncertain. 

19.4.4  Psychological  Assessment 

Five  psychological  disorders,  which  were  verified  by  a  medical  records  review,  and  12  measures  from  the 
Symptom  Checklist-90-Revised  (SCL-90-R)  inventory  were  examined  in  the  psychological  assessment. 
The  SCL-90-R  consisted  of  nine  primary  symptom  dimensions  and  three  broad  indices  of  psychological 
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distress.  In  enlisted  groundcrew,  a  significantly  greater  percentage  of  Ranch  Hands  than  Comparisons 
had  a  history  of  other  neuroses.  All  other  significant  results  from  analyses  of  Ranch  Hands  versus 
Comparisons  showed  a  greater  percentage  of  Comparisons  than  Ranch  Hands  with  high  SCL-90-R 
scores. 

Associations  between  initial  dioxin  and  the  psychological  endpoints  were  either  nonsignificant  or 
revealed  a  significant  decrease  in  high  (adverse)  SCL-90-R  scores  as  initial  dioxin  increased. 

Differences  in  the  history  of  psychological  disorders  and  the  prevalence  of  high  SCL-90-R  scores  were 
examined  between  Comparisons  and  Ranch  Hands  categorized  by  dioxin  levels.  Ranch  Hands  in  the  low 
dioxin  category  and  the  low  plus  high  dioxin  category  displayed  a  significantly  higher  occurrence  of 
other  neuroses  than  did  Comparisons. 

The  relation  between  the  1987  dioxin  levels  and  the  psychological  endpoints  was  examined  and  all 
results  were  nonsignificant. 

In  summary.  Ranch  Hand  veterans  exhibited  a  significantly  increased  prevalence  of  other  neuroses 
among  enlisted  groundcrew,  the  military  occupation  with  the  highest  dioxin  levels  and,  presumably,  the 
greatest  herbicide  exposure.  Consistent  increases  in  the  prevalence  of  other  neuroses  with  dioxin  levels 
were  found.  No  consistent  relation  was  found  between  any  SCL-90-R  score  and  any  measure  of 
herbicide  or  dioxin  exposure.  The  relation  between  other  neuroses  and  herbicide  exposure  and  dioxin 
levels  will  be  described  in  greater  detail  in  a  separate  report. 

19.4.5  Gastrointestinal  Assessment 

The  gastrointestinal  assessment  was  based  on  eight  disorders  as  determined  from  a  review  and 
verification  of  each  participant's  medical  records,  a  physical  examination  determination  of 
hepatomegaly,  and  29  laboratory  measurements  or  indices.  The  laboratory  parameters  included 
measurements  of  hepatic  enzyme  activity,  hepatobiliary  function,  lipid  and  carbohydrate  indices,  and  a 
protein  profile.  In  addition,  the  presence  of  hepatitis  and  fecal  occult  blood  was  investigated. 

Analyses  of  Ranch  Hands  versus  Comparisons  showed  higher  mean  levels  of  alkaline  phosphatase, 
a- 1 -antitrypsin,  and  haptoglobin  in  Ranch  Hands  than  in  Comparisons.  In  addition,  significantly  more 
Ranch  Hands  than  Comparisons  had  high  haptoglobin  levels.  A  review  of  medical  records  showed  a 
positive  association  between  initial  dioxin  and  other  liver  disorders.  The  other  liver  disorders  condition 
consisted  primarily  of  nonspecific  laboratory  test  elevations.  A  significant  association  between  initial 
dioxin  and  high  levels  of  aspartate  aminotransferase  (AST)  also  was  revealed. 

Analyses  of  categorized  dioxin  revealed  a  significantly  higher  percentage  of  other  liver  disorders  among 
Ranch  Hands  in  the  high  dioxin  category  than  among  Comparisons.  Higher  mean  levels  of  gamma 
glutamyl  transferase  (GGT),  triglycerides,  and  a- 1 -antitrypsin  were  observed  in  Ranch  Hands  in  the  high 
dioxin  category  than  in  Comparisons.  Ranch  Hands  in  the  high  dioxin  category  had  a  greater  prevalence 
of  abnormal  AST,  triglyceride,  and  prealbumin  levels  than  did  Comparisons. 

Many  significant  associations  between  the  laboratory  examination  variables  and  1987  dioxin  levels  were 
observed.  In  both  the  continuous  and  discrete  forms,  the  hepatic  enzymes  alanine  aminotransferase 
(ALT),  AST,  and  GGT  revealed  significant,  positive  associations  with  1987  dioxin.  In  addition, 
significant  positive  associations  between  1987  dioxin  and  the  ratio  of  cholesterol  to  high-density 
lipoprotein  (HDL),  triglycerides,  and  creatine  phosphokinase  were  present. 
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In  summary,  the  analysis  of  the  1997  follow-up  data  reflected  patterns  that  have  been  observed  and 
documented  in  prior  examinations.  Isolated  group  differences  exist,  but  1987  dioxin  levels  are  strongly 
related  to  hepatic  enzymes  such  as  AST,  ALT,  and  GGT,  and  to  lipid-related  health  indices  such  as 
cholesterol,  HDL,  and  triglycerides.  These  results  are  consistent  with  a  dose-response  effect  and  may  be 
related  to  unknown  subclinical  effects  of  dioxin.  Although  hepatic  enzymes  and  lipid-related  indices 
showed  an  association  with  dioxin,  there  was  no  evidence  of  an  increase  in  overt  liver  disease. 

19.4.6  Cardiovascular  Assessment 

Analyses  revealed  that  Ranch  Hands  had  a  significantly  higher  percentage  of  participants  with  a  history 
of  heart  disease  (excluding  essential  hypertension)  than  Comparisons  and,  in  particular,  among  enlisted 
flyers.  However,  the  risk  of  disease  was  not  significantly  increased  in  Ranch  Hand  enlisted 
groundcrew — the  military  occupation  with  the  highest  dioxin  levels.  The  association  between  heart 
disease  and  initial  dioxin  showed  a  negative  dose-response  trend,  with  heart  disease  decreasing  as  initial 
dioxin  increased.  Furthermore,  Ranch  Hands  in  the  background  and  low  dioxin  categories  had  more 
heart  disease  than  did  Comparisons,  but  this  increase  was  not  seen  in  Ranch  Hands  in  the  high  dioxin 
category.  Increases  in  tachycardia  and  other  electrocardiograph  (ECG)  findings,  such  as  pre-excitation, 
were  seen  for  Ranch  Hands  in  the  high  dioxin  category,  although  the  analyses  were  based  on  a  small 
number  of  abnormalities.  A  significant  positive  association  between  initial  dioxin  and  evidence  of  prior 
myocardial  infarction  from  the  ECG  was  observed  in  Ranch  Hands,  and  a  marginally  significant  positive 
association  was  observed  between  1987  dioxin  and  evidence  of  prior  myocardial  infarction  from  the 
ECG.  A  positive  association  between  1987  dioxin  and  a  history  of  essential  hypertension  also  was 
observed  in  Ranch  Hands.  In  contrast  to  previous  AFHS  examinations,  no  relation  was  found  between 
peripheral  pulse  abnormalities  and  any  measure  of  exposure. 

In  summary,  in  contrast  to  prior  examinations,  the  current  study  has  documented  that  Ranch  Hands  are 
more  likely  than  Comparisons  to  have  historical  evidence  for  heart  disease  (excluding  essential 
hypertension),  but  are  no  longer  at  greater  risk  for  the  occurrence  of  pulse  deficits.  By  all  other  indices, 
the  prevalence  of  cardiovascular  disease  appears  similar  in  both  cohorts.  For  the  first  time,  there  is 
evidence  that  levels  of  dioxin  may  be  a  risk  factor  for  the  development  of  essential  hypertension  and 
prior  myocardial  infarction  as  indicated  by  interpretation  of  the  ECG.  As  of  1997,  the  verified  history  of 
essential  hypertension  was  associated  with  1987  dioxin,  and  the  evidence  of  prior  myocardial  infarction 
from  the  ECG  was  associated  with  initial  dioxin.  These  findings,  in  conjunction  with  the  increase  in  the 
number  of  deaths  caused  by  diseases  of  the  circulatory  system  for  Ranch  Hand  nonflying  enlisted 
personnel  based  on  the  1994  AFHS  mortality  update,  showed  associations  that  require  further  study.  A 
biological  mechanism  for  the  relation  among  dioxin  levels  and  heart  disease  is  unknown. 

19.4.7  Hematologic  Assessment 

Five  cell  count  measures,  six  measures  of  absolute  blood  counts,  a  coagulation  measure,  and  red  blood 
cell  morphology  were  analyzed.  In  the  analyses  of  these  variables,  only  platelet  count  exhibited 
significant  dose-response  associations  with  the  levels  of  dioxin.  Among  enlisted  personnel.  Ranch  Hands 
exhibited  significantly  higher  mean  platelet  counts  than  did  Comparisons.  Ranch  Hands  in  the  high 
dioxin  category  also  exhibited  a  significantly  higher  mean  platelet  count  than  did  Comparisons.  The 
mean  differences  were  small  and,  therefore,  the  clinical  importance  of  these  findings  is  unknown.  The 
results  in  the  1997  follow-up  study  parallel  the  findings  of  the  1987  and  1992  follow-up  studies.  In 
conclusion,  apart  from  platelet  count,  there  appears  to  be  little  evidence  to  support  a  relation  between 
prior  dioxin  exposure  and  hematopoietic  toxicity. 
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19.4.8  Endocrine  Assessment 


The  assessment  of  the  endocrine  system  yielded  an  extensive  evaluation  of  thyroid,  pancreatic,  and 
gonadal  function  and  their  relation  to  dioxin  exposure.  A  significantly  increased  risk  of  abnormally  high 
thyroid  stimulating  hormone  values  was  found  in  Ranch  Hand  enlisted  groundcrew. 

A  positive  association  between  diabetes  and  initial  and  1987  dioxin  was  observed.  Consistent  with 
previous  reports,  the  prevalence  of  diabetes  among  Ranch  Hands  with  high  dioxin  levels  was  increased. 
A  greater  percentage  of  Ranch  Hands  than  Comparisons  used  insulin  to  control  their  type  2  diabetes, 
primarily  among  officers  and  enlisted  groundcrew.  The  percentage  of  Ranch  Hands  requiring  insulin  to 
control  their  type  2  diabetes  increased  with  initial  dioxin.  A  greater  percentage  of  Ranch  Hands  in  the 
high  dioxin  category  required  insulin  to  control  their  type  2  diabetes  than  did  Comparisons.  The 
percentage  of  Ranch  Hands  who  treated  their  diabetes  through  diet  only  and  the  percentage  who  used 
oral  hypoglycemics  increased  with  1987  dioxin  level. 

The  time  to  diabetes  onset  was  significantly  shorter  for  Ranch  Hands  with  higher  initial  dioxin  and  1987 
levels.  Both  fasting  glucose  and  a-l-C  hemoglobin  increased  in  Ranch  Hands  as  initial  dioxin  and  1987 
dioxin  increased.  Increased  a-l-C  hemoglobin  levels  also  were  observed  for  Ranch  Hands  with  high 
dioxin  levels.  The  presence  of  fasting  urinary  glucose  also  increased  with  1987  dioxin. 

Although  cause  and  effect  have  not  been  established,  the  results  cited  above  provide  further  evidence  for 
an  association  between  diabetes  and  levels  of  dioxin. 

19.4.9  Immunologic  Assessment 

The  immunologic  assessment  was  based  on  laboratory  data  on  six  lymphocyte  cell  surface  markers, 
absolute  lymphocyte  counts,  three  quantitative  immunoglobulins,  and  six  measurements  from  an 
autoantibody  panel.  The  six  cell  marker  measurements  were  carried  out  on  a  random  sample  of 
approximately  40  percent  of  the  participants  because  of  the  complexity  of  the  assay  and  the  expense  of 
the  tests. 

Group  analyses  revealed  significant  findings  for  the  analyses  of  CD  16+56+  cell  (natural  killer  cell) 
counts  and  for  the  mouse  stomach  kidney  (MSK)  smooth  muscle  antibody  test  in  enlisted  flyers.  Among 
enlisted  flyers,  the  mean  CD  16+56+  cell  count  was  greater  for  Comparisons  than  for  Ranch  Hands,  and  a 
greater  percentage  of  Comparisons  than  Ranch  Hands  had  a  smooth  muscle  antibody  present.  Negative 
smooth  muscle  antibody  tests  are  considered  to  be  normal.  For  these  analyses,  the  magnitude  of  the 
mean  differences  was  small  and,  therefore,  the  clinical  importance  of  these  findings  is  unknown. 

Consistent  with  the  previous  two  physical  examinations,  IgA  increased  significantly  with  initial  dioxin, 
but  was  not  significantly  increased  in  enlisted  groundcrew  or  the  high  dioxin  category,  and  IgA  did  not 
increase  significantly  with  1987  dioxin.  The  IgA  results,  although  significant,  were  small  in  magnitude 
and  their  clinical  importance  is  unknown. 

When  comparing  categorized  dioxin  levels  between  Ranch  Hands  and  Comparisons,  a  significantly 
higher  CD  16+56+  cell  count  mean  was  observed  among  Comparisons  than  among  Ranch  Hands  in  the 
high  dioxin  category.  Analyses  revealed  significant  associations  between  1987  dioxin  levels  and  CD3+ 
cell  (T  cell)  count,  CD4+  cell  (helper  T  cell)  count,  and  CD3+CD4+  cell  (helper  T  cell)  count.  The  cell 
counts  increased  as  1987  dioxin  increased. 
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In  summary,  these  findings  and  the  findings  from  past  examinations  do  not  provide  evidence  of  a 
biologically  meaningful  dose-response  effect  for  body  burden  of  dioxin  on  parameters  of  immunologic 
assessment.  The  statistically  significant  relations  suggest  the  need  for  continued  evaluation. 

19.4.10  Pulmonary  Assessment 

To  assess  pulmonary  status,  verified  histories  of  asthma,  bronchitis,  and  pneumonia  were  studied.  A 
composite  measure  of  thorax  and  lung  abnormalities,  as  determined  from  the  presence  of  asymmetrical 
expansion,  hyperresonance,  dullness,  wheezes,  rales,  chronic  obstructive  pulmonary  diseases,  or  the 
physician’s  assessment  of  abnormality,  also  was  analyzed.  A  routine  chest  x  ray  and  five  measures  of 
pulmonary  function  using  standard  spirometric  techniques  were  analyzed. 

Few  significant  increases  in  adverse  pulmonary  conditions  were  observed  for  Ranch  Hands,  and  isolated 
and  inconsistent  associations  between  the  pulmonary  endpoints  and  dioxin  were  seen.  No  consistent 
pattern  or  dose-response  relation  was  evident.  Ranch  Hands  in  the  background  dioxin  category  exhibited 
a  significantly  higher  percentage  of  abnormalities  on  the  chest  x  ray  than  did  Comparisons.  Ranch  Hand 
officers  had  a  significantly  higher  prevalence  of  mild  obstructive  abnormality  than  did  Comparison 
officers;  the  corresponding  contrast  was  not  significant  in  1992,  and  officers  were  not  analyzed  as  a 
separate  stratum  in  1982,  1985,  or  1987.  The  relation  between  mild  obstructive  abnormality  in  Ranch 
Hand  officers  and  other  indicators  of  herbicide  exposure,  such  as  job  (pilot,  navigator,  nonflyer),  the 
number  of  missions  flown,  the  percentage  of  missions  that  were  herbicide  missions,  and  reported 
drinking  of  herbicide  (yes,  no)  will  be  summarized  in  a  separate  report. 

In  summary,  analysis  of  historical,  physical  examination,  and  laboratory  data  revealed  no  consistent 
relation  between  herbicide  exposure  or  dioxin  levels  and  pulmonary  disease.  The  prevalence  of  mild 
obstructive  abnormalities  was  significantly  increased  in  Ranch  Hand  officers.  The  meaning  of  this 
finding  is  unclear  because  the  risk  was  not  significantly  increased  in  Ranch  Hand  enlisted  groundcrew — 
the  military  occupation  with  the  highest  dioxin  levels. 


19.5  INTERPRETIVE  CONSIDERATIONS 

Certain  facts  should  be  considered  when  drawing  conclusions  from  the  statistical  analysis  of  the  1997 
follow-up  examination  results.  For  example,  there  are  often  difficulties  associated  with  multiple  testing. 
With  repeated  statistical  testing,  the  likelihood  of  a  test  indicating  some  artifactual  association  is  high. 
But  longitudinal  comparisons  of  previous  examinations  may  show  a  consistent  association,  supporting  a 
non-artifactual  relation.  Longitudinal  tests,  however,  of  the  same  population  clearly  are  not  independent 
tests.  If  a  chance  association  was  present  at  the  first  physical  examination,  it  would  tend  to  persist  in 
subsequent  examinations.  Conversely,  depending  on  site  and  mode  of  action,  the  association  would  be 
expected  to  increase  with  time  (if  latency  or  other  chronic  effects  predominate)  or  decrease  with  time  (if 
the  current  dioxin  level  predominates  in  the  mechanism).  It  is  also  important  to  note  that  some 
conditions  do  not  appear  with  reasonable  frequency  until  middle  age  or  later.  Therefore,  in  the  early 
years  of  the  study,  an  increased  relative  risk  might  have  been  masked  by  abnormalities  too  sparse  for 
meaningful  analysis. 

The  site  and  mode  of  action  of  dioxin  in  the  body  could  itself  either  cause  or  obscure  a  relation. 
Receptors  might  be  activated  only  after  a  certain  dioxin  threshold  value  had  been  exceeded — that  is,  a 
value  exceeding  the  body’s  capability  to  safely  store  dioxin.  If,  on  the  other  hand,  dioxin  caused  a 
competitive  inhibition  of  receptor  actions  normally  stimulated  by  other  substances,  there  might  be  a 
“no-threshold”  effect.  Depending  on  the  nature  (lipid  or  non-lipid)  and  type  of  function  of  the 
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hypothetical  receptor  site,  an  increase  in  body  fat  over  time  might  either  cause  an  increase  in  dioxin 
effect  because  of  a  greater  volume  of  distribution  or  a  decrease  in  dioxin  effect  because  of  a  lesser 
concentration  at  the  receptor  site. 

Statistical  power  is  also  an  issue  in  a  study  of  a  population  this  size.  A  study  with  a  population  of  2,121 
lacks  power  to  determine  increases  in  relative  risks  for  rare  events  (such  as  soft  tissue  sarcoma)  because 
such  events  are  unlikely  to  occur  in  large  numbers  in  a  group  this  small.  While  certain  occupational 
toxins  have  a  clear  diagnostic  pathology  (e.g.,  mesothelioma  for  asbestos,  hepatic  angiosarcoma  for  vinyl 
chloride)  virtually  nonexistent  in  the  absence  of  the  toxin,  other  toxins  merely  increase  the  risk  of 
nondiagnostic  pathology.  For  example,  this  study  would  likely  not  discern  an  increase  in  the  relative  risk 
for  a  rare  tumor  that  does  not  have  a  clear  diagnostic  pathology.  By  assessing  the  pathology  observed  in 
association  with  other  known  environmental  risk  factors  (e.g.,  tobacco  use,  alcohol  use)  it  is  sometimes 
possible  to  provide  a  limit  in  the  magnitude  of  effect  missed;  however,  this  study  has  inherent  bounds  in 
detecting  modest  increases  in  relative  risk  for  infrequent  pathology. 

A  final  difficulty  is  the  presence  of  a  true  association  that  is  noncausal.  An  example  might  be  a  condition 
not  caused  by  dioxin,  but  resulting  in  or  from  an  altered  dioxin  half-life.  In  this  case,  a  correlation  might 
be  high  in  the  total  absence  of  causality. 

Clearly,  there  are  many  issues  to  be  considered  in  interpreting  these  results.  With  these  issues  in  mind, 
certain  assessments  were  made  by  looking  at  a  number  of  factors.  Among  these  factors  are  longitudinal 
trends,  biological  plausibility,  consistency  with  animal  toxicology,  the  presence  of  a  dose-response 
relation,  and  strength  of  association.  But,  meeting  all  of  these  criteria  would  not  guarantee  causality,  nor 
would  failing  these  criteria  guarantee  the  lack  of  an  effect.  It  can  be  argued,  however,  that  the  good  faith 
application  of  these  particular  methods  should  be  the  starting  point  for  generating  hypotheses  for 
experimental  examination  through  in  vitro  and  in  vivo  testing,  as  well  as  through  further  epidemiological 
analysis  of  these  and  other  dioxin-exposed  groups. 


19.6  SUMMARY 

Based  on  the  findings  of  the  1997  examination,  and  subject  to  the  qualifications  considered  above,  the 
study  investigators  have  drawn  the  following  conclusions. 

19.6.1  Diabetes 

Consistent  with  previously  reported  results,  current  data  indicate  a  significant  and  potentially  meaningful 
adverse  relation  between  serum  dioxin  levels  and  diabetes.  A  significant  dose-response  was  found,  with 
Ranch  Hands  in  the  high  dioxin  category  exhibiting  an  increase  in  disease  prevalence  (relative  risk=1.47, 
95%  confidence  interval:  [1.00,2.17]).  The  finding  is  supported  by  a  dioxin-related  increase  in  disease 
severity,  a  decrease  in  the  time  from  exposure  to  first  diagnosis,  and  an  increase  in  fasting  glucose  and 
a-l-C  hemoglobin.  Similar  patterns  were  observed  in  1987  and  1992. 

19.6.2  Cardiovascular  Abnormalities 

Cardiovascular  findings  are  mixed,  but,  in  context  with  the  increased  cardiovascular  mortality  in 
nonflying  enlisted  Ranch  Hands,  are  suggestive  of  an  adverse  effect  of  herbicide  and  dioxin  exposure. 

As  a  group,  Ranch  Hands  have  experienced  a  statistically  significant  increase  in  the  prevalence  of  heart 
disease  (excluding  essential  hypertension)  (relative  risk=l  .26,  95 %  confidence  interval:  [  1 .05, 1.51]). 
The  increase  was  more  than  doubled  among  enlisted  flyers  (relative  risk=2.10,  95%  confidence  interval: 
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[1.27,3.28])  but  not  significantly  increased  among  enlisted  groundcrew  (relative  risk=1.10,  95% 
confidence  interval:  [0.84,1.42]) — the  military  occupation  with  the  highest  dioxin  levels.  The 
prevalence  of  diagnosed  essential  hypertension  and  the  percentage  of  Ranch  Hands  with  ECG  findings  of 
prior  myocardial  infarction  increased  significantly  with  initial  dioxin.  Peripheral  pulse  abnormalities 
increased  with  dioxin  levels  in  1987  and  1992,  but  did  not  increase  with  dioxin  levels  in  1997.  These 
findings,  together  with  increased  cardiovascular  mortality  in  Ranch  Hand  nonflying  enlisted  personnel, 
suggest  that  herbicide  or  dioxin  exposure  may  be  related  to  cardiovascular  abnormalities. 

19.6.3  Peripheral  Polyneuropathy 

Although  a  common  etiology  is  not  apparent,  a  statistically  significant  increase  in  neurological  disease 
appears  in  Ranch  Hands  historically,  on  physical  examination,  and  as  reflected  in  several  of  the 
composite  polyneuropathy  indices.  Peripheral  disorders,  as  verified  by  a  medical  records  review, 
increased  in  Ranch  Hands  as  levels  of  1987  dioxin  increased.  Indices  of  bilateral  peripheral 
polyneuropathy,  confirmed  by  vibrotactile  measurements  in  the  feet,  were  significantly  increased  with 
initial  dioxin  level,  significantly  increased  in  the  high  dioxin  category,  and  significantly  increased  with 
1987  dioxin.  These  findings  are  new  and  appear  consistent  with  polyneuropathies  observed  in  studies  of 
industrial  exposure;  however,  the  numbers  of  affected  veterans  are  small  and  the  clinical  importance  of 
the  finding  is  uncertain. 

19.6.4  Serum  Lipid  Abnormalities 

There  were  consistent  and  significant  increases  in  cholesterol,  triglycerides,  and  the  cholesterol-HDL 
ratio  with  initial  and  1987  dioxin.  HDL  decreased  significantly  as  dioxin  increased.  These  findings  also 
were  observed  in  1987  and  1992. 

19.6.5  Liver  Enzymes 

Analysis  of  liver  function  reflected  patterns  that  have  been  observed  in  prior  examinations.  Isolated 
group  differences  existed,  but  1987  dioxin  levels  were  strongly  related  to  increases  in  hepatic  enzymes, 
such  as  AST,  ALT,  and  GGT  and,  as  previously  noted,  cholesterol,  triglycerides,  and  HDL.  These 
results  were  consistent  with  an  adverse  dose-response  and  may  be  related  to  subclinical  effects  of 
unknown  importance.  Although  hepatic  enzymes  increased  with  dioxin,  there  is  no  evidence  of  a 
corresponding  increase  in  overt  liver  disease. 

19.6.6  Malignant  Neoplastic  Disease 

At  the  end  of  15  years  of  surveillance,  Ranch  Hands  as  a  group  exhibited  a  nonsignificant  increase  in  the 
risk  of  malignant  neoplastic  disease  relative  to  Comparisons  (relative  risk=1.06,  95%  confidence  interval: 
[0.80,1.41]).  Military  occupation  contrasts  were  inconsistent  and,  therefore,  not  supportive  of  an  adverse 
effect  of  herbicide  or  dioxin  exposure  on  the  occurrence  of  malignancies.  Ranch  Hand  enlisted 
groundcrew,  the  occupation  with  the  highest  dioxin  levels  and,  presumably,  the  highest  herbicide 
exposure,  exhibited  a  decreased  prevalence  (relative  risk=0.78,  95%  confidence  interval:  [0.51,1.19]). 
Enlisted  flyers  (relative  risk=1.63,  95%  confidence  interval:  [0.91,2.92])  and  officers  (relative  risk=1.14, 
95%  confidence  interval:  [0.79,1.65]),  occupations  with  lower  dioxin  levels,  exhibited  nonsignificant 
increases  in  the  prevalence  of  malignant  disease.  The  risk  of  malignant  disease  was  nonsignificantly 
increased  among  Ranch  Hands  having  the  highest  dioxin  levels  (relative  risk=1.01,  95%  confidence 
interval:  [0.66,1.57]).  Longitudinal  analyses  found  no  significant  group  differences  with  regard  to  the 
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risk  of  malignancy  and  no  pattern  suggestive  of  an  adverse  relation  between  herbicide  or  dioxin  exposure 
and  the  occurrence  of  malignant  neoplastic  disease. 


19.7  CONCLUSION 

In  conclusion,  diabetes  and  cardiovascular  abnormalities  represent  the  most  important  dioxin-related 
health  problems  seen  in  the  AFHS.  These  two  areas  appear  to  have  the  greatest  magnitude  of  effect  in 
terms  of  quality  of  life  and  healthcare  costs.  Clearly,  there  are  biological  interrelations  among  both  of 
these  outcomes  that  make  interpretations  difficult.  From  a  public  health  perspective,  these  two  areas 
demand  the  greatest  attention. 
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20  FUTURE  DIRECTIONS 


A  careful  review  of  the  results  of  the  last  five  physical  examinations  provides  an  opportunity  to  refine  and 
focus  the  remaining  examination  of  the  Air  Force  Health  Study.  The  current  and  prior  examination 
outcomes  have  identified  several  medical  tests  requiring  more  intense  evaluation  and  other  analyses  that 
can  be  reduced  or  eliminated  in  the  2002  study  while  still  satisfying  the  study  protocol. 

The  recently  completed  pharmacokinetic  study  of  dioxin  elimination  in  Ranch  Hand  veterans  suggests 
that  additional  measurements  per  subject  will  not  increase  the  precision  of  the  estimated  elimination  rate. 
Thus,  only  those  participants  new  to  the  study  or  those  who  have  not  already  had  a  dioxin  measurement 
will  be  invited  to  give  blood  for  a  dioxin  assay  in  2002. 

In  the  final  morbidity  report,  the  Air  Force  intends  to  present  a  review  of  all  herbicides  sprayed  by 
Operation  Ranch  Hand:  2,4-D,  2,4,5-T,  picloram,  and  cacodylic  acid,  as  well  as  2,3,7,8-tetrachlorodibenzo- 
p-dioxin  (TCDD,  or  dioxin). 

The  Jenkins  Activity  Survey,  used  to  determine  personality  type  (a  covariate  in  the  analysis  of 
cardiovascular  data),  has  become  inappropriate  to  administer  to  elderly  retired  men  because  the  survey 
questions  refer  to  on-the-job  situations.  Alternative  measures  of  personality  type  will  be  sought  as  a 
replacement  for  this  instrument.  In  this  regard,  a  thorough  reassessment  of  covariate  adjustments  across 
all  clinical  areas  will  be  made.  New  covariates  may  be  added  and  out-of-date  covariates  may  be  dropped. 

A  new  series  of  statistical  analyses,  accounting  for  disease  outcomes  that  may  cross  two  or  more  clinical 
areas,  will  be  considered.  The  possibility  of  second-order  effects  will  be  studied  for  inclusion  in  the  next 
report.  A  multifactor  approach  may  be  used  to  assess  psychological  outcomes,  for  example.  Changes  to 
or  replacement  of  the  current  longitudinal  analyses  will  be  considered  to  explicitly  account  for  loss-to- 
follow-up  and  time-dependent  covariates. 

Statistical  modeling  will  be  reviewed.  In  particular,  Model  2  will  be  reassessed  to  address  possible 
changes  in  the  elimination  rate  with  body  fat.  An  analysis  stratified  by  category  of  body  fat  measured  in 
an  earlier  examination  may  be  used.  Interactions  between  extrapolated  initial  dose,  disease  outcome,  and 
percent  body  fat  will  be  considered  as  alternate  approaches. 

Special  efforts  will  be  made  to  address  loss-to-follow-up  and  possible  differential  compliance  due  to  ill 
health  or  other  reasons  that  would  bias  the  study.  Expanded  questionnaires  may  be  administered  to 
noncompliant  veterans  and  consideration  will  be  given  to  sending  medical  teams  to  the  homes  of  veterans 
who  report  that  they  are  too  ill  to  attend  the  physical  examination. 

Analyses  of  disease  prevalence  among  all  study  subjects,  regardless  of  their  compliance  to  the  2002 
physical  examination,  will  be  accomplished  and  summarized  in  the  final  report. 
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Appendix  A 


Appendix  A.  Policies  And  Procedures  for  Dioxin  Blood  Collection  and  Processing 


This  appendix  contains  the  following  Scripps  Clinic  Policies  and  Procedures  documents: 

1.  Dioxin  Blood  Collection 

2.  Dioxin  Blood  Processing 


3.  Dioxin  Mailouts. 


POLICIES  AND  PROCEDURES 


Scripps  Clinic 
Department  of  Pathology 
1 0666  N.  Ton*ey  Pines  Road 

LaJollaCA  92037 _ _ _ 

LABORATORY  SECTION:  PHLEBOTOMY 

TITLE  AFHS-  DIOXIN  BLOOD  COLLECTION 

P  P  NUMBER:  ISSUE  DATE:  3/92 _ REVISION  DATE: 


1.0  PURPOSE 

1.1  To  collect  blood  sample  for  dioxin  testing  in  accordance  with  Center  for  Disease 
Control  standards. 

2.0  SCOPE 

2. 1  Applies  to  designated  Air  Force  Health  Study  participants. 

3.0  MATERIALS 

3 . 1  Blood  -  pack  unit  without  anticoagulant  -  600ml. 

3.2  Alcohol  swabs 

3.3  PDI  duo  swabs 

3.4  Sterile  gauze 

3.5  Adhesive  tape 

3.6  Gloves 

3.7  Coban 

3.8  Unitholders 

4.0  PROCEDURE 

4. 1  On  day  2,  blood  is  drawn  from  designated  participants  with  a  15  gauge  needle  into  a 
blood  pack  unit  without  anticoagulant 

4.1.1  Blood  pack  units  have  been  previously  tested  by  the  CDC  for  dioxin 
contamination. 

4.2  Participants  will  have  280ml  of  blood  drawn. 

4.3  Select  site  for  venipuncture. 

4.3.1  On  patients  who  have  not  yet  had  their  physical  exam,  the  dominant  arm  is 

preferred. 
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etc. 


4.4  Prepare  site  for  venipuncture  in  the  following  manner: 

4.4. 1  Ask  participant  if  they  are  allergic  to  iodine. 

4.4. 1.1  If  allergic  to  iodine,  use  alcohol  prep  (70%  isopropyl  alcohol) 

4.4.2  Wash  hands. 

4.4.3  Apply  gloves. 

4.4.4  Scrub  venipuncture  site  with  Povidine-Iodine  Scrub1”1  moving  outward  in  a 

concentric  spiral  for  at  least  30  seconds  to  clean  away  fat,  oils,  dirt, 

4.4.5  Remove  scrub  prep  in  a  concentric  spiral  with  sterile  gauze  and  allow  to  dry. 

4.4.6  Apply  tincture  of  iodine  (Povidine-Iodine  Scrub011)  in  a  circular  fashion, 
starting  at  the  proposed  needle  site,  working  outward.  Allow  to  dry.  (If 
allergic  to  iodine,  use  alcohol  prep  [70%  isopropyl  alcohol]). 

4.4.7  If  not  ready  to  do  venipuncture  immediately,  cover  site  with  dry  sterile  gauze. 

4.5  Perform  venipuncture  and  securely  tape  needle  and  tubing  to  arm. 

4.6  Blood  is  collected  into  unit  bag. 

4.6.1  Amount  of  blood  is  determined  by  weighing  sample. 

4.6. 1.1  When  using  Terumo  scale,  set  scale  at  “0”,  fill  bag  to  280  ml. 

4.6. 1.2  When  using  balance  scale,  set  balance  to  381gms. 

4.6. 1.3  When  amount  needed  is  reached,  release  tourniquet,  and  clamp  tubing 
with  hemostat 

4.7  Remove  needle  from  vein. 

4.8  Have  patient  apply  pressure  to  site  for  several  minutes. 

4.9  Apply  pressure  bandage  to  site  using  gauze  and  coban. 

4.9. 1  Instruct  patient  not  to  remove  bandage  for  at  least  30-45  minutes. 

4. 1 0  Clamp  tubing  twice  with  hand  sealer  and  clips. 

4. 1 0. 1  Cut  tubing  above  clips. 

4. 10.2  Dispose  of  needle  in  needle  container. 

4. 1 1  Label  unit  bag  with  pre-printed  label. 

4. 12  Place  unit  bag  upright  in  vertical  holder. 

4.12.1  Vertical  unit  holders  are  numbered  according  to  order  drawn. 

4.12.2  Units  are  placed  in  holders  according  to  order  of  draw. 

4. 12.3  Units  are  to  remain  upright  at  room  temperature  and  allowed  to  clot  for  at 
least  7  hours. 


5.0  SHORT  DRAWS 

5.1  In  the  event  of  a  short  draw,  unit  pack  is  to  be  weighed  and  the  amount  of  blood 
noted  on  the  unit  label.  “Short  draw”  should  also  be  written  on  label  in  large  letters. 

6.0  MULTIPLE  VENIPUNCTURES 

6. 1  If  unable  to  collect  sample  with  one  venipuncture,  ask  patient  if  he  is  willing  to  be 

drawn  again.  If  patient  is  willing,  start  procedure  from  beginning. 

6.2  If  patient  is  unwilling  to  be  redrawn,  notify  nurse  coordinator  and  Air  Force  monitor. 

6.2. 1  Save  labels  and  have  test  credited. 
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POLICIES  AND  PROCEDURES 


Scnpps  Clinic 
Department  of  Pathoiogv 
10666  N.  Torrey  Pines  Road 
La  Jolla  CA  92037 _ 


LABORATORY  SECTION:  SPECIMEN  PROCESSING 

TITLE  AIR  FORCE  HEALTH  STUDY  -  DIOXIN  BLOOD  PROCESSING 

P  P  NUMBER:  _ ISSUE  DATE:  2/92 _ REVISION  DATE:  2/97 _ 


1.0 

PURPOSE:  To  process  blood  samples  for  dioxin  testing  using  Center  for  Disease  Control 
Standards  as  a  guideline. 

2.0 

SCOPE:  Applies  to  Clinical  Pathology  Medical  Technicians  involved  in  processing  dioxin 
samples. 

3.0 

MATERIALS 

3.1 

Transfer  pack  units  -  300  ml 

3.2 

Plasma  transfer  set 

3.3 

Plasma  extractor 

3.4 

Vertical  unit  holders 

3.5 

Vertical  unit  holder  boxes 

3.6 

Teflon  lined  lids 

3.7 

Teflon  stoppers 

3.8 

Aluminum  sealing  caps 

3.9 

Aluminum  cap  sealer 

3.10 

Centrifuge  bags 

3.11 

Handsealer/stripper 

3.12 

Shipping  List 

3.13 

Wheaton  bottles 

3.13.1  5  ml,  10  mi,  120  ml 

3.14 

Styrofoam  mailing  boxes 

3.15 

Dry  ice 

4.0 

PROCEDURE 

4.1 

On  the  specific  day  the  blood  is  drawn  for  dioxins,  the  units  will  be  brought  from  the 
blood  drawing  station  to  specimen  processing  and  allowed  to  clot,  upright  in  their 

unit  holders,  at  room  temperature  for  a  total  of  7  hours. 

4.2 

Shipping  list 

/> 

/ 
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4.2.1  The  shipping  list  is  a  modified  version  of  the  list  provided  by  the  CDC. 

4.2.2  Shipping  list  is  prepared  as  follows:  write  participants  name,  ED  number. 
Accession  number,  age,  and  check  bottle  sent. 

4.2.3  Specify  any  deviations  from  collection,  storage  and  shipment  protocols,  and 
date  of  occurrence. 

Centrifuge  of  unit  bags 

4.3.1  Set  temperature  on  floor  model  blood  bank  centrifuge  between  4-10°C. 

4.3.2  Unit  bags  are  centrifuged  in  the  order  they  are  drawn. 

4.3.3  The  units  of  blood  are  placed  inside  plastic  centrifuge  bags. 

4.3.3. 1  The  centrifuge  bags  are  then  balanced  on  the  blood  bank  balance.  No 
more  than  3  units  per  centrifuge  bag  should  be  used. 

4.3. 3.2  If  one  centrifuge  bag  is  heavier  than  the  other,  place  small  rubber 
stoppers  into  the  centrifuge  cups  until  units  are  balanced. 

4.3.4  Centrifuge  bags  are  placed  into  the  centrifuge  caps  and  spun  for  15  minutes  at 
4500  RPMs. 

4.3.5  Balance  next  group  of  unit  bags  for  centrifuging. 

Transfer  of  serum  from  unit  bags  to  transfer  packs. 

4  4. 1  Label  transfer  packs  with  patients  aliquot  label. 

4.4.2  Labeled  transfer  packs  are  placed  in  vertical  unit  holders  in  the  sequence  they 
are  to  be  transferred. 

4.4.3  Serum  is  transferred  from  the  spun  unit  bag  to  the  transfer  pack  by  plasmas 
extractor. 

4.4.3. 1  Place  the  unit  bag  on  the  plasma  extractor  with  side  not  containing 
manufacturers  label  toward  you. 

4.43.2  Remove  coupler  cover  of  transfer  pack  unit. 

4.4.3. 3  Expose  outlet  port  of  blood  pack  unit. 

4.4.3. 4  Insert  coupler  into  outlet  port. 

4.4.3. 5  Release  handle  of  plasma  extractor  and  express  the  serum  into  the 
transfer  pack.  Do  not  allow  red  cells  to  enter  the  transfer  pack.  It  is 
important  to  transfer  the  predominant  amount  of  serum  while 
preventing  red  cell  contamination. 

4.4.3. 6  When  the  desired  amount  of  serum  is  transferred,  release  the  plasma 
extractor  and  clamp  the  tubing  between  the  blood  bag  and  the  transfer 
pack  using  a  hemostat  clamp. 

4.4.3. 7  Seal  the  transfer  tubing  in  2  spots  1  inch  apart  using  the  Fenwal 
Hematron  electronic  sealer  and  severe  tubing  between  seal? 

4.4.4  Transfer  packs  containing  serum  and  any  unit  bags  that  need  to  be  respun  are 
placed  in  unsequential  vertical  unit  holders  and  placed  in  verticaL  holder  boxes. 

4.4.5  Spinning  of  transfer  packs 

4.4.5. 1  No  more  than  4  units  (transfer  packs)  per  centrifuge  bag  are  to  be 
balances  at  one  time.  In  a  6  cup  centrifuge  this  allows  for  24  units  of 
transferred  serum  to  be  spun  at  one  time. 

4.4. 5. 2  Transfer  packs  are  to  be  spun  at  4-10°C  for  15  minutes  at  4500  RPM 
in  the  floor  model  blood  bank  centrifuge. 

Transfer  of  serum  from  transfer  packs  to  Wheaton  bottles 

4.5.1  Wheaton  bottles  are  labeled  with  patient  aliquot  labels 

4  oz  Wheaton  bottle  S 1  Serum  dioxin 

5  ml  Wheaton  bottle  S3  Lipid  profile 
10  ml  Wheaton  bottle  S4  Serum  reserve 

2 


4  oz  Wheaton  bottle  S 1  Serum  dioxin 
(glass  jar  with  screw  cap) 

5  ml  Wheaton  bottle  S3  Lipid  profile 
10  ml  Wheaton  bottle  S4  Serum  reserve 

4  oz  Wheaton  bottle  S2  Serum  dioxin  *Save  the  S2  label  and  do  not  put  on 
bottle.  This  label  will  only  be  used  if  the  amount  of  serum  available 
warrants  it. 

4.5. 1 . 1  Insert  the  sharp  end  into  one  of  the  outlet  ports  in  top  of  the  bag. 

4.5.1 .2  Close  tubing  with  thumb  roller  on  tubing. 

4.5.1 .3  Press  bag  with  plasma  extractor. 

4.5.1 .4  Hold  open  end  of  tubing  over  prelabeled  Wheaton  bottles. 

4.5. 1.5  Open  tubing  and  put  5  ml  serum  in  “S3”  bottle,  10  ml  in  “S4”  and 
completely  fill  “SI”  4  oz  bottle.  Do  not  use  “S2”  bottle  unless  you 

have  left  over  serum. 

4.5. 1.6  Extract  only  the  serum  being  careful  that  cells  do  not  enter  the  bottle. 
Recap  and  tighten.  Crimp  on  aluminum  caps  to  S3  and  S4. 

4.5. 1.7  Log  in  the  serum  samples  and  store  at  -70°  C  until  shipment. 

5.0  SHORT  DRAWS 

5.1  In  the  event  of  a  short  draw,  the  participant  involved  maybe  drawn  again  thus  having 
2  smaller  units.  The  units  from  these  should  be  treated  as  all  the  others  with  regard 

to  processing.  Also,  when  aliquotting  serum  into  the  Wheaton  bottles  they  may  be 

pooled  from  both  units. 

6.0  MAILING  OF  SAMPLES 

6. 1  Frozen  samples  are  mailed  weekly  to  Brooks  AFB,TX  via  Airborne  overnight  mail. 
See  Mailouts  Policy  and  Procedure. 
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POLICIES  A.\p  PROCEDURES 


Scnpps  Clinic 
Department  of  Pathology 
10666  N  Torrey'  Pines  Road 

la  Jolla  CA  92037 _ _ _ _ _ 

LABORATORY  SECTION:  SPECIMEN  CONTROL 

TITLE:  AFHS  -  DIOXIN  MAIL  OUTS  TO  BROOK  AFB 

P.P.  NUMBER:  _ ISSUE  DATE:  4/20/92 _ 


REVISION  DATE: 


3/97 


10  PURPOSE: 

t  1  Procedure  for  mailing  out  Wheaton  bottles  with  serum  for  dioxin  testing  to 
Brooks  .AFB. 


2.0  SCOPE: 

2. 1  Applies  to  all  medical  technicians  and  technologists  involved  in  the  mailing  of 
.AFHS  serum  samples. 

3.0  PROCEDURE 

3.1  Serum  drawn  for  dioxin  testing  will  be  mailed  out  once  a  week  on  each  of  the 
designated  dioxin  participant  from  the  previous  week. 

3.2  Specimens  will  be  packaged  and  mailed  each  Tuesday  and  will  include  all  specimens 
drawn  on  the  participants  of  the  previous  two  groups. 

3.3  Each  participant  will  have  three  Wheaton  bottles  sent.  (In  some  instances,  there  may 
be  four  Wheaton  bottles  on  a  participant.) 

3.4  Shipment 

3.4. 1  The  set  of  3  aliquots  will  be  removed  from  the  -T0°C  freezer. 

3.4.2  The  aliquots  will  be  placed  in  a  4”  x  71/2”  bubble  pack  bag.  Each  participant 
will  have  2  bags.  The  5  ml  and  10  ml  Wheaton  bottles  will  be  placed  in  one 
bubble  pack  per  participant.  The  one  120  ml  Wheaton  bottle  will  be  placed  in 
a  separate  bubble  pack  bag.  These  aliquots  will  be  placed  in  a  bubble  pack 
lined  styrofoam  shipping  container.  A  third  bag  will  be  used  if  there  are  4 
Wheaton  bottles  on  a  participant. 
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3 .4.3  As  each  of  the  participants  are  packed  for  shipping,  they  will  be  logged  on  the 
shipping  list.  This  list  will  include  the  participant’s  name,  age,  ID#  and 
accession  number.  The  shipping  list  will  have  a  comment  section  for  any 
unusual  occurrences,  i.e.,  short  draw.  etc.  Make  a  copy  of  shipping  list  and 
give  to  Sharon  Bodmer. 

3 .4.4  Once  all  specimens  are  packed,  add  a  sufficient  amount  of  dry  ice 
(approximately  15  lbs)  above  the  specimens  to  keep  them  frozen  for  ovemite 
shipment.  Buffer  package  with  additional  bubble  pack  as  needed. 

3.4.5  Place  the  shipping  list  in  a  zip  lock  baggy  and  place  inside  the  shipping  box. 
Close  the  box  and  seal  it  with  strapping  tape. 

3.4.4. 1  Aside  from  sending  the  shipping  list  with  the  specimens.  Fax  a  copy  to 
Brooks  AFB,  attention  Vince  Elequin  at  (210)  536-3567. 

3.4.6  Specimens  will  be  mailed  via  FED  EX  overnight  mail. 

3.4.5. 1  Fill  out  the  ovemite  mail  slip  as  follows: 

al/aoep 

2606  Doolittle  Road 
Building  808 

Brooks  AFB,  TX  78235-5250 
ATTN:  Vince  Elequin 

This  will  be  billed  to  acct.  #20-227-7530 

/ 

In  comment  section  of  the  mailing  slip,  write  in  “Diagnostic  Specimens  and 
indicate  on  “Dry  Ice  \ 

3.4.7  Once  the  shipping  box  is  securely  taped  and  mailing  slip  filled  out,  transport  to 
shipping  department  before  1430  for  shipping. 

3.5  Procedural  note 

3.5.1  Specimen  processing  will  be  given  a  list  of  participants  that  require  dioxin 
draws.  If  these  participants  are  not  drawn  for  any  reason,  i.e.  Hemoglobin 
<12.5  mg/dl,  they  should  be  placed  on  the  shipping  list  with  their  appropriate 
group  and  the  reason  for  a  non-draw  placed  in  the  comment  section.  The 
reason  for  a  non-draw  will  be  communicated  from  the  AFHS  nurse 
coordinator  to  the  Laboratory  Services  Coordinator  to  the  laboratory  staff. 
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CONTACT  PERSON: 
PHONE  NUMBER: 


Sharon  Bodmer 
(619)  554-9552 


GROUP  #  _ 

PREPARED  BY: 
DATE  SHIPPED: 
TOTAL: _ 


AFHS  DIOXIN  SHIPPING  LIST 
BOTTLES 
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Appendix  B 


Appendix  B.  Physical  Examination  Methodology 


This  appendix  contains  the  following  items: 

1.  The  Examiners’ Handbook 

2.  The  data  collection  forms. 
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ADDENDUM  A 


STATEMENT  OF  WORK 
FOR  THE 

AIR  FORCE  HEALTH  STUDY 
1997  FOLLOW-UP  EXAMINATION 


AIR  FORCE  HEALTH  STUDY 
EXAMINERS  HANDBOOK 

3  July  1996 

(Statement  of  Work  Updates  through  30  April  1999  included) 
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AIR  FORCE  HEALTH  STUDY  EXAMINERS  HANDBOOK 


A.  GENERAL  INSTRUCTIONS 

The  Air  Force  Health  Study  is  a  multiyear  prospective  study  to  determine  whether  Air  Force  personnel 
who  were  engaged  with  spraying  herbicides  in  Vietnam  have  developed  adverse  health  effects  from 
exposure  to  herbicides  and  their  contaminant,  2,3,7,8-tetrachlorodibenzo-p-dioxin  (dioxin).  Detailed 
surveys  of  the  scientific  literature  have  been  used  to  design  the  questionnaires,  the  physical  examination 
protocol,  and  select  laboratory  tests. 

This  phase  of  the  study  involves  a  follow-up  cross-sectional  assessment  of  each  subject's  health  at  the 
time  of  the  examination.  It  is  important  that  examiners  remain  unaware  of  the  subject's  exposure  status 
(Ranch  Hand,  Comparison).  The  physician  examiner  is  tasked  to  examine  each  subject  and  objectively 
record  findings.  The  examining  physician  is  not,  and  cannot  be  expected,  to  arrive  at  any  definitive 
diagnoses,  since  the  full  history  and  physical  examination  findings  and  laboratory  results  will  not  be 
available.  Medical  history,  laboratory  results,  and  physical  examination  findings  will  be  evaluated  by  an 
independent  diagnostician  employed  by  the  contractor.  The  diagnostician  will  formulate  diagnoses  and 
differential  diagnoses,  if  appropriate.  Additional  procedures  to  treat  or  evaluate  emergency  or  urgent 
medical  conditions  will  be  directed  only  by  the  diagnostician.  In  addition,  the  diagnostician  will  present 
a  detailed  analysis  and  debriefing  to  each  study  subject  and  provide  a  copy  of  the  analysis  to  the  subject's 
personal  physician,  if  authorized  by  the  subject. 

The  physicians  performing  examinations  for  the  study  should  be  aware  that  the  report  of  the  examination 
will  become  a  permanent  record.  The  report  will  be  referenced  not  only  in  the  near  future  as  the  cross- 
sectional  data  is  analyzed,  but  also  during  future  follow-up  phases  of  the  study.  These  examinations  will 
define  the  health  status  of  the  subjects  at  a  point  in  time  and  will  establish  the  presence  or  absence  of 
abnormal  physical  findings.  After  statistical  review  of  the  study  groups,  these  findings  may  permit 
definition  of  chronic  or  latent  effects  due  to  exposure.  An  inaccurate  examination  may  lead  to  fallacious 
results  in  two  ways:  a  presumed  syndrome  may  be  defined  which  does  not  in  fact  exist,  or  a  syndrome 
which  in  fact  exists  may  not  be  defined  with  enough  validity  to  warrant  further  action. 

The  examining  physician  is  responsible  for  recording  a  complete  and  detailed  report  of  the  physical 
examination.  In  this  role,  the  examining  physician  is  tasked  with  collecting  evidence  of  the  presence  or 
absence  of  physical  signs  of  abnormality  only.  All  items  on  the  physical  examination  report  form  must 
be  completed.  It  is  imperative  that  physicians  make  such  additional  remarks  as  may  be  required  to 
adequately  describe  existing  physical  abnormalities.  Since  clinical  endpoints  have  not  been  well  defined 
following  exposure  to  Agent  Orange,  the  examining  physician  and  the  diagnostician  must  not  definitively 
ascribe  abnormalities  to  herbicide  exposure  during  the  course  of  the  examination  or  during  the 
debriefings.  If,  during  the  examination,  the  physician  discovers  evidence  of  acute  serious  illness 
requiring  immediate  treatment,  the  normal  emergency  or  urgent  care  procedure  of  the  medical  facility 
would  apply.  The  Air  Force  is  not  responsible  for  the  cost  of  such  emergency  or  urgent  care. 

The  debriefing  physician  shall  ask  each  participant  if  he  received  additional  testing  or  additional  medical 
treatment  during  the  physical  examination  time  period  and  shall  annotate  any  such  circumstances  or 
results  on  the  debriefing  form.  The  ultimate  value  of  the  study  will  lie  in  the  collection  of  complete, 
accurate  and,  whenever  possible,  quantitative  data  permitting  the  most  stringent  and  powerful  statistical 
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analysis.  For  this  reason,  the  physical  examination  protocol  requires,  whenever  possible,  exact 
measurements  and  well  defined  semi-quantitative  indicators  of  abnormalities. 


B.  CONDUCT  OF  THE  EXAMINATION 

1 .  Overview 

Upon  arrival  at  the  examining  facility,  the  subject  should  be  briefed  by  a  representative  of  the  contractor 
on  the  appointments  that  have  been  arranged,  their  times,  and  locations.  Consent  forms  covering  all 
examination  procedures  will  be  provided  to  each  subject.  The  subject  may  decline  to  participate  in  any 
individual  portion  of  the  examination,  even  if  he  previously  signed  a  consent  form. 

The  examination  will  be  conducted  in  a  manner  identical  to  that  used  in  prior  phases  of  the  study  and  in 
accord  with  detail  in  subsequent  sections  of  this  handbook  and  the  Statement  of  Work. 

2.  General  Physical  Examination 

The  general  physical  examination  shall  include  an  assessment  of 

1 .  Appearance  (well  nourished,  obese,  under  nourished) 

2.  Appearance  relative  to  stated  age  (same  as,  older  than,  younger  than) 

3.  Appearance  of  illness  or  distress  (no,  yes) 

4.  Hair  distribution  (normal,  abnormal) 

5.  Vital  signs  (height  in  centimeters,  weight  undressed  in  kilograms,  oral  temperature) 

6.  Systolic  and  diastolic  blood  pressure 

7.  Pulse  rate 

8.  Premature  beats  per  minute 

9.  Pulse  diagnosis  (regular,  irregular,  irregularly  irregular) 

10.  An  eye  examination  (funduscopic  and  external  observation) 

11.  An  ENT/neck  examination 

12.  A  thorax  and  lung  examination 

13.  Waist,  chest  and  neck  measurements  in  centimeters 

14.  A  heart  examination  including  an  overall  diagnosis  (normal,  abnormal,  refused) 

15.  An  examination  of  the  abdomen,  extremities  and  peripheral  pulses,  musculature  and  spine 

16.  An  examination  of  extremities 

17.  An  examination  of  peripheral  pulses 

18.  An  examination  of  musculature 

19.  An  examination  of  the  spine 

20.  An  examination  of  the  genitourinary  system 

21.  A  rectal  examination 

22.  An  assessment  of  the  lymph  nodes  (normal,  enlarged,  tender,  hard,  fixed,  confluent,  other) 

23.  A  summary  of  follow-up  indicated  or  recommended. 
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3.  Dermatologic  Examination  And  Biopsy 
The  examination  shall  include 

1.  An  examination  of  the  skin 

2.  Skin  biopsy,  if  indicated 

3.  Physical  features 

4  Mapping  of  lesions  on  an  anatomical  chart. 


4.  Neurological  Examination 
The  examination  shall  include 


1. 

An 

2. 

An 

3. 

An 

4. 

An 

5. 

An 

6. 

An 

7. 

An 

8. 

An 

9. 

An 

10. 

An 

11. 

An 

12. 

An 

13. 

An 

14. 

An 

examination  of  the  head  and  neck 

examination  of  motor  systems 

examination  of  muscle  status 

assessment  of  abnormal  movements 

assessment  of  tremors 

assessment  of  coordination 

assessment  of  deep  tendon  reflexes 

assessment  of  cranial  nerves  and  mental  status 

assessment  of  meningeal  irritation  and  sensory  system 

examination  of  cranial  nerves  (I,  VII) 

examination  of  cranial  nerves  (II) 

examination  of  cranial  nerves  (HI,  IV,  VI) 

examination  of  cranial  nerves  (V,  IX,  XI,  XII) 

impression  of  the  entire  neurological  examination. 


5.  Psychological  Testing 

The  Symptom  Check  List-90-Revised  (SCL-90-R)  will  be  given  to  all  study  subjects.  This  self- 
administered  test  was  chosen  to  ensure  adequate  analysis  of  alleged  psychological  manifestations  of 
herbicide  toxicity.  The  psychologist  in  charge  will  interpret  the  results  of  the  test,  record  those 
interpretations  on  a  form,  and  provide  them  to  the  debriefing  physician.  The  contractor  shall  forward  all 
test  materials  as  scored  with  annotations,  interpretations,  and  impressions  to  the  diagnostician  for 
inclusion  in  the  subject's  file. 

6.  Electrocardiogram 

A  standard  12-lead  scalar  electrocardiogram  is  required.  If  an  arrhythmia  is  observed,  a  1-minute  rhythm 
strip  is  additionally  requested.  This  electrocardiogram  will  be  accomplished  after  a  minimum  4-hour 
abstinence  from  smoking,  food,  and  liquid  intake.  The  tracing  should  be  mounted  in  the  usual  manner  of 
the  laboratory  for  the  recorder  used.  The  electrocardiograms  will  be  interpreted  by  cardiologists  at  the 
examination  facility.  Forward  the  mounted  tracing  and  rhythm  strip,  if  obtained,  to  the  diagnostician. 

7.  Pulmonary  Function  Testing 

Standard  evaluation  of  pulmonary  function  will  be  conducted  on  each  subject  following  at  least  4  hours 
abstention  from  the  use  of  tobacco  products  and  will  include,  as  minimum,  forced  expiratory  volume  at  1 
second,  total  vital  capacity,  and  the  ratio  of  the  two  measurements. 
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8,  Automated  Blood  Pressure  Determination 


An  electronic  device  will  be  used  to  measure  blood  pressure.  The  device  to  be  used  will  be  selected  by 
the  contractor,  subject  to  approval  by  the  Air  Force. 

9.  Stool  Examination  For  Occult  Blood 

Three  stool  smears  from  each  subject  will  be  tested  for  the  presence  of  occult  blood.  Subjects  with 
positive  tests  will  be  advised  and  appropriate  follow-up  will  be  arranged. 

10.  Radiographic  Examination 

A  standard  14x17  inch,  standing,  roentgenogram  in  the  posterior-anterior  (PA)  position  will  be 
administered  to  all  subjects.  A  board-certified  radiologist  at  the  examining  facility  will  interpret  the 
roentgenogram,  record  the  results,  and  forward  them  to  the  diagnostician. 

1 1 .  Doppler  Testing  Of  Peripheral  Pulses 

A  Doppler  device  shall  be  used  to  quantitatively  measure  peripheral  pulses.  This  procedure  shall  be 
conducted  after  a  minimum  of  4  hours  abstinence  from  smoking. 

1 2.  Measurement  Of  Height  And  Weight 

The  contractor  shall  determine  the  height  in  meters  and  weight  in  kilograms  following  a  standard 
protocol  on  each  subject.  The  contractor  also  shall  measure  the  circumference  of  the  waist  at  the  navel 
and  the  circumference  of  the  neck  in  centimeters. 

13.  Adipose  Tissue  Samples 
The  contractor  shall: 

1 .  Collect  10-15  gm  fat  tissue  by  liposuction  procedure  or  any  other  alternative  method. 

2.  Rinse  one  time  with  ice-cold  normal  phosphate-buffered  saline  (PBS). 

3.  Remove  any  excess  of  PBS  solution  from  the  tissue  using  paper  towel. 

4.  Either  snap  freeze  immediately  in  liquid  nitrogen  or  keep  it  on  ice  until  snap  freezing  (no  longer 
than  30  minutes). 

5.  Store  at  -80  °C  until  delivery  to  Brooks  Air  Force  Base. 


14.  Laboratory  Procedures  -  General  Instructions 

On  the  first  day,  the  subject  should  report  in  the  morning  in  a  fasting  state  having  had  only  water  after 
midnight.  Blood  for  the  serum  dioxin  measurement  will  be  drawn  on  650  selected  subjects  who  consent 
to  this  procedure.  Sufficient  blood  for  the  dioxin  measurement  will  be  drawn  to  bring  the  total  volume 
collected  over  the  2  days  to  not  more  than  450  cc  from  these  volunteers. 

All  study  subjects  should  be  informed  that  they  should  abstain  from  alcohol  for  24  hours  prior  to  the  start 
of  the  physical  examination. 
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1 .  Erythrocyte  sedimentation  rate  (mm/hr) 

2.  Prostate  specific  antigen  (ng/ml) 

3.  AST  (U/L) 

4.  ALT  (U/L) 

5.  GGT  (U/L) 

6.  Alkaline  phosphatase  (U/L) 

7.  Total  bilirubin  (mg/dl) 

8.  Direct  bilirubin  (mg/dl) 

9.  Lactic  dehydrogenase  (U/L) 

10.  Cholesterol  (mg/dl) 

1 1 .  HDL  cholesterol  (mg/dl) 

12.  Triglycerides  (mg/dl) 

13.  Creatine  phosphokinase  (U/L) 

14.  Serum  amylase  (U/L) 

15.  Antibodies  for  hepatitis  A,  B,  C  and  D 

16.  Serological  evidence  of  prior  hepatitis  B  infection  (positive  anti-HBs  or  anti-HBc) 

17.  Protein  profile:  pre-albumin  (mg/dl) 

18.  Protein  profile:  albumin  (mg/dl) 

19.  Protein  profile:  a- 1 -glycoprotein  (mg/dl) 

20.  Protein  profile:  a- 1 -antitrypsin  (mg/dl) 

21.  Protein  profile:  a-2-macroglobulin  (mg/dl) 

22.  Protein  profile:  apolipoprotein  (mg/dl) 

23.  Protein  profile:  C3  complement  (mg/dl) 

24.  Protein  profile:  C4  compliment  (mg/dl) 

25.  Protein  profile:  haptoglobin  (mg/dl) 

26.  Protein  profile:  transferrin  (mg/dl) 

27.  Red  blood  cell  count  (million/cu  mm) 

28.  White  blood  cell  count  (thousand/cu  mm) 

29.  Hemoglobin  (gm/dl) 

30.  Hematocrit  (percent) 

31.  Platelet  count  (thousand/cu  mm) 

32.  Prothrombin  time  (seconds) 

33.  RBC  morphology  (abnormal,  normal) 

34.  Absolute  neutrophils  (segs)  (million/cu  mm) 

35.  Absolute  neutrophils  (bands)  (million/cu  mm) 

36.  Absolute  lymphocytes  (million/cu  mm) 

37.  Absolute  monocytes  (million/cu  mm) 

38.  Absolute  eosinophils  (million/cu  mm) 

39.  Absolute  basophils  (million/cu  mm) 

40.  Urinary  occult  blood  (RBC/HPF) 

41.  Urinary  protein  (present,  absent) 

42.  Urine  white  blood  cell  count  (WBC/HPF) 

43.  Serum  creatinine  (mg/dl) 

44.  Urine  specific  gravity 

45.  Anti-thyroid  antibodies  (present,  absent) 

46.  Thyroid  stimulating  hormone  (jilU/ml) 

47.  T4  (pg/dl) 
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48.  Fasting  glucose  (mg/dl) 

49.  Fasting  urinary  glucose  (present,  absent) 

50.  Serum  insulin  (jilU/ml) 

51.  oc-l-C  hemoglobin  (percent) 

52.  Luteinizing  hormone  (mlU/ml) 

53.  Follicle  stimulating  hormone  (mlU/ml) 

54.  Total  testosterone  (ng/dl) 

55.  Free  testosterone  (pg/ml) 

56.  Estradiol  (pg/ml) 

57.  Two-hour  postprandial  glucose  (mg/dl)  (non-diabetics  only) 

58.  Two-hour  postprandial  urinary  glucose  (present,  absent)  (non-diabetics  only) 

59.  CD3+  (T  Cells)  (cells/cu  mm  and  percent) 

60.  CD4+  (Helper  T  Cells)  (cells/cu  mm  and  percent) 

61.  CD8+  (Suppressor  T  Cells)  (cells/cu  mm  and  percent) 

62.  CD3+CD8+  (Suppressor  T  Cells)  (cells/cu  mm  and  percent) 

63.  CD16+56+(CD3-)  (Natural  Killer  Cells)  (cells/cu  mm  and  percent) 

64.  CD20+  (B  Cells)  (cells/cu  mm  and  percent) 

65.  CD3+CD4+  (Helper  T  Cells)  (cells/cu  mm  and  percent) 

66.  CD45+(CD14-)  (used  as  quality  control  marker) 

67.  Absolute  lymphocytes  (cells/cu  mm) 

68.  IgG  (mg/dl) 

69.  IgM  (mg/dl) 

70.  IgA  (mg/dl) 

71.  Lupus  panel:  ANA  test  (present,  absent) 

72.  Lupus  panel:  ANA  thyroid  microsomal  antibody  (present,  absent) 

73.  Lupus  panel:  MSK  smooth  muscle  antibody  (present,  absent) 

74.  Lupus  panel:  MSK  mitrochondrial  antibody  (present,  absent) 

75.  Lupus  panel:  MSK  parietal  antibody  (present,  absent) 

76.  Lupus  panel:  Rheumatoid  factor  (present,  absent) 


B-8 


I  I  L 


PARTICIPANT  LABEL 

CASE  NUMBER 

GROUP  NUMBER: 

— 

®00®®®®0®® 

®0®®®®®0®® 

®0®®®®®0®® 

®0®®®®©0®® 

®0®®®©®0®® 

©00®®®®®®® 

©000®®®©®® 

EXAMINER  LD. 

®o®®®®®@©® 

®o®@®®®®®® 

©o®®®®®©®@ 

FORM  AFHS-3A  PHYSICAL  EXAMINATION  (PART  1)  (SHEET  1  OF  2) 


YEAR  1$ 
FOLLOW  UP 


m/Bmm 

APPEARANCE  VS 

APPEARANCE  OF 

HAIR 

APPEARANCE 

STATED  AGE 

ILLNESS  OR  DISTRESS 

DISTRIBUTION 

O  WELL  NOURISHED 

O  SAME  AS 

Ono 

O  NORMAL 

O  OBESE 

O  UNDER  NOURISHED 

O  OLDER  THAN 

O  YOUNGER  THAN 

O  YES 

O  ABNORMAL 

®®  COMMENTS? 

oo 

OO 

oo 

oo 

VITAL  SIGNS 


HEIGHT 


®® 

0®® 

©@® 

®@® 

0® 

©© 

®® 

®0 

®® 


WEIGHT 
(UNDRESSED) 

kg 


®®®® 

0000 

000® 

®@®0 

@@© 

®0® 

®®@ 

00® 

®®® 

®®0 


TEMPERA- 

iTUREORALj 

r 


@0© 

0® 

0® 

®0 

@0 

®® 

0® 


3ITTTNG  BLOOD  PRESSURE 
NON  DOMINANT  ARM.  HEART  LEVEL 


SYSTOLIC  DIASTOLIC 


©O© 

©®® 

©® 
©® 
®© 
0© 
®® 
?)(?! 


©O© 

©© 

®® 

©® 

®© 

©© 

©0 

®® 


PULSE 

RATE 


®@® 

©®® 

®@® 

®@® 

®© 

®@ 

©© 

©0 

®® 


®®  COMMENTS? 


OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 


©  ®  IS  PARTICIPANT  TAKING  SYSTEMIC  CORTICOSTERIODS  OR  IMMUNOSUPPRESSANTS?' 
SPECIFY  NON-COMPLIANCE  AND  /  OR  MEDICATION(S).  DOSAGE(S)  &  FUNCTION(S)  BELOW: 


SUMMARY 

O  NORMAL 
O  ABNORMAL 
O  REFUSED 


O  LEFT  EYE 
ABSENT 
Q  RIGHT  EYE 
ABSENT 


EYES 


FUNDOSCOPIC  EXAM 


YES  NO 

©  ®  f  LIGHT  REFLEX 

©  ®  A-V  NICKING 

©  ®  ARTERIOLAR  SPASM 

©  ®  PAPILLEDEMA 


YES  NO 

©  ®  HEMORRHAGES 

©  ®  EXUDATES 

©  ®  DISK  PALLOR 

©  ®  f  CUPPING 


®®@  fundi  WERE  VISUALIZED 

(B  =  BOTH,  L  *  LEFT  ONLY,  R  ~  RIGHT  ONLY) 


©  ®  DIABETIC 

RETINOPATHY 


EXTERNAL  OBSERVATION 
YES  NO 

®  ®  ARCUS  SENILIS  PRESENT 

©  ®  ABNORMAL  OCULAR 

PIGMENTATION 


PHYSICIAN  S  PRINTED  NAME 


DATE: 


©©COMMENTS? 


OO 

OO 

OO 

OO 


FORM  QA  AUDIT  BY: 

©0®©®®|INmALS: 

DATE: 


Mark  Reflex®  by  NCS  MM211961-1  654321 


Printed  in  U-S-A. 


I  I  I 


®©@©®©©@©® 

®©®®®©©©®® 

®®@®®®®®®® 

@®®®®@®®®® 

®®®®®®®®@® 

(0)©®©©®®®®® 

GROUP  NUMBER 

®©@®®@©©©® 

©©®®®®®®®® 

EXAMINER  I.D. 

®©@@®®®®®® 

®©@®®®®®®® 

®®©©®®®©©® 

"" . . 

•• 


FORM  AFHS-3A  PHYSICAL  EXAMINATION  {PART  1)  (SHEET  2  OF  2) 


YEAR  15 
FOLLOW  UP 


REFUSED  ©  -  LEFT 

COULD  NOT  EXAMINE  ®  «  RIGHT 


ENT  ARE 

O  NORMAL 

O  ABNORMAL 

O  REFUSED 

TYMPANIC  MEMBRANE  INTACT? 

EAR  IRRIGATED  TO  REMOVE  WAX? 

NASAL  MUCOSA  ULCERATED? 

LEFT 

®@® 

®® 

®0® 

RIGHT 

®@® 

®® 

®®@ 

®®  COMMENTS? 

oo 

00 

oo 

oo 

NECK  AREA  IS 

O  NORMAL 

O  ABNORMAL 

O  REFUSED 

PAROTID  GLAND  RELATED? 

CAROTID  BRUIT  PRESENT? 

CAROTID  PULSE  IS: 

(N  =  NORMAL  D  *  DIMINISHED  A  =  ABSENT) 

®® 

®® 

®@® 

C*5KS> 

®® 

®@® 

THYROID 

GLAND 

PALPABLE 
®  ® 

ENLARGED  NODULES 

®  ®  ®  ® 

TENDER 
®  ® 

OTHER 
®  ® 

on 

0  ®  COMMENTS? 


— 

1 

mm 

mm 

O  NORMAL 

®®  ASYMMETRICAL  EXPANSION 

mm 

O  ABNORMAL 

mm 

O  REFUSED 

©  ®  HYPERRESONANCE 

mm 

®®  COMMENTS?  OO 

mm 

oo 

®®  DULLNESS 

mm 

oo 

mm 

oo 

®  ®  WHEEZES 

oo 

mm 

oo 

0®  RALES 

mi 

oo 

+ - (NOTE  LOCATION) 

mm 

oo 

©®  SUSPECTED  COPD 

fP 

oo 

+ - (DESCRIBE) 

CIRCUMFERENCE  (CM) 


WAIST 


HEART 


HEART  EXAM  IS: 

O  NORMAL 

O  ABNORMAL 

O  REFUSED 

SI 

ABNORMAL  HEART  SOUNDS?  ® 

®  ®  DISPLACED  APICAL  IMPULSE? 

fa  (n!  PRFCORDIAL THRUST? 

MURMUR? 

O  N0 

O  YES,  PROBABLY  FUNCTIONAL 

O  YES,  SUSPECT  ORGANIC 

O  YES,  ORGANIC 

S2  S3  S4 

®  ®  ®  ®  ®  ®  ® 

INDICT 
TO  WH 
PR0JEC1 

(MARK 

S 

AORTIC 

PULMONIC 

APEX 

LLSB 

iTE  CHEST  AREA(S) 

ICH  MURMUR  WAS 
fED  MOST  INTENSELY. 

Ns  IF  NO  MURMUR) 

YSTOLIC  DIASTOLIC 

®  ©  ®  ® 

®  ©  ®  © 

®  ©  ®  ® 

®  ©  ®  © 

© ®  HEART  COMMENTS?  gg 

oo 

OO 

_ - — . . . .  Hv  NCR  MM 

FORM  QA  AU 

®®@©@® 

DATE: 

211964-1  654321  P 

on 

INITIALS: 

rinted  la  O.S.A. 

CASE  NUMBER 


®©@®®®®©®® 

®o©®®©®©®® 

®©©®©®®©®® 

®©©®@®®©®® 

®©@®®©®©®® 

.ffloiff)©©©®®®®! 


BROuPSUMeen 

®©@®©®®©®®! 

®©®©©®®©®® 


EXAMINER  t.O, 


®©@®®®©©®® 

®©©®©©®©®® 

©©©@©®®©®®l 


FORM  AFHS-3B  PHYSICAL  EXAMINATION  (PART  2)  (SHEET  1  OF  2) 

— - —  "  —  —  ABDOMEN 


y)®  ABDOMEN  ABNORMALITY  COMMENTS? 


YEAR  15 
FOLLOWUP 

oo 
ool 


O  NORMAL 
O  ABNORMAL 
O  REFUSED 


YES 

o 

o 

o 

o 

O 


NO 

O  HEPATOMEGALY 
O  LIVER  TENDERNESS 
O  SPLENOMEGALY 
O  SPLEEN  TENDERNESS 
O  OTHER  MASS?- 


i  I 


®  ®  MASS  SIZE,  UNITS,  LOCATION,  TYPE,  COMMENT? 


OO 

OO 

OO 

oo 


EXTREMITIES 


UPPER 

LIMBS 

AMPUTATION(S) 

®©@ 

PITTING 

EDEMA 

®©® 

NON-PITTING 

EDEMA 

®0® 

CLUBBED 

NAILS 

®©@ 

VARICOSITIES 

®©@ 

TOE  HAIR 
LOSS 

(N  «  NONE  OR  NORMAL  FOR  BOTH  LIMBS,  L  =  LEFT  LIMB  ONLY,  R  =  RIGHT  LIMB  ONLY) 

LOWER 

LIMBS 

®©@ 

®©@ 

®  ©® 

®0® 

®©@ 

®©@ 

EXTREMITY  EXAM  WAS: 

o NORMAL 

o  ABNORMAL 

o  REFUSED 

- - - 

no 

oo 


PERIPHERAL  PULSES 


®©@  FEMORAL  BRUIT(S)  PRESENT? 
(N  *  NONE,  L  «  LEFT,  R  •  RIGHT) 

RADIAL 


FEMORAL 


POPLITEAL 


DORSALIS 

PEDIS 


POSTERIOR 

TIBIAL 


LEFT  RIGHT  LEFT  RIGHT 


®®  PULSE  COMMENTS 


O  NORMAL 
O  ABNORMAL 
O  REFUSED 


STRAIGHT  LEG  RAISE  ABNORMAL? 
ANY  WEAKNESS  NOTED? 

ANY  TENDERNESS  NOTED? 

ANY  ATROPHY  NOTED? 
ABNORMAL  CONSISTENCY? 
OTHER  ABNORMALITY? 


MUSCULATURE 


NO  YES  CNE 

o  o  ® 
o  o  ® 
o  o  ® 
o  o  © 
o  o  © 
o  o  ® 


©®  COMMENTS? 


O  NORMAL 
O  ABNORMAL 
O  REFUSED 


ANY  SCOLIOSIS  NOTED? 
ANY  KYPHOSIS  NOTED? 
PELVIC  TILT  NOTED? 

|  RANGE  OF  MOTION? 


NO 

o 

o 

o 

o 


YES  CNE 

o  © 
o  © 
o  © 
o  ® 


SPINE 


SPINAL  TENDERNESS 

O  NONE  NOTED 
O  CERVICAL  AREA 
O  THORACIC  AREA 
O  LUMBAR  AREA 
O  SACRAL AREA 


©®  COMMENTS? 


oo 

oo 

oo 

oo 

oo 

oo 

oo 

m 

oo 
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I  I  L 


PARTICIPANT  LABEL 

CASE  NUMBER 

GROUP  NUMBER 

®®@®©®®oo® 

®©@®o®©®®® 

®©@®o®®®®® 

®©@®o®®®®® 

®®®@o©®©®® 

<0)<T)®®©©©©©© 

®®®®®®©©@® 

EXAMINER  I.D. 

®o@®®®®©®© 

®o®@o®®®®@ 

oo®®©©®®®® 

FORM  AFHS-3B  PHYSICAL  EXAMINATION  (PART  2)  (SHEET  2  OF  2) 

-  GENITOURINARY  EXAM  (PEPM 


(PE  PART  ^CONTINUED 


GENITOURINARY 
EXAM 

O  NORMAL 
O  ABNORMAL 
O  REFUSED 


TESTES 

NORMAL 

LEFT  O 
RIGHT  O 


ENLARGED 

o 

o 


NODULE 

o 

o 


ATROPHIC 

o 

o 


ABSENT 

o 

o 


OTHER 

o 

o 


YES  NO  REFUSED 


YES  NO  REFUSED 


© 

© 

© 


®  ® 


RIGHT  INGUINAL  HERNIA? 
LEFT  INGUINAL  HERNIA? 
SCROTAL  MASS  PRESENT? 


©  ®  ®  VARICOCELE 

©(B)®  EPIDIDYMAL  ABNORMALITY 
®©@®®@®©®©  SCROTAL  MASS  SIZE 
(DIAMETER  IN  CM) 


©®  COMMENTS: 


OO 

OO 

OO 

QOS 


RECTAL  EXAM 


RECTAL  EXAM 

O  NORMAL 
O  ABNORMAL 
O  REFUSED 


HEMORRHOIDS 

EXTERNAL 
INTERNAL 


NONE  APPARENT 

O 
O 


REFUSED 

o 

o 


BLEEDING 

o 

o 


THROMBOSED 

o 

o 


OTHER 

o 

o 


YES  NO  REFUSED 

O  O  O  PROSTATIC  ENLARGEMENT? 
OOP  RECTAL  MASS(ES)? _ 


©®  COMMENTS? 


OO 
OO 
OO: 
O 


LYMPH  NODES 


O  NORMAL 
O  ABNORMAL 
O  REFUSED 


NORMAL 

ENLARGED 

TENDER 

HARD 

FIXED 

CONFLUENT 

OTHER 

CERVICAL 

o 

o 

o 

o 

o 

o 

O 

OCCIPITAL 

o 

o 

o 

o 

o 

o 

O 

SUPRACLAVICULAR 

o 

o 

o 

o 

o 

o 

O 

AXILLARY 

o 

o 

o 

o 

o 

o 

o 

EPITROCHLEAR 

o 

o 

o 

o 

o 

o 

o 

INGUINAL 

o 

o 

o 

o 

o 

o 

o 

FEMORAL 

o 

o 

o 

o 

o 

o 

o 

©®  COMMENTS: 


oo 

OO 

oo 

oo 


SUMMARY  OF  FINDINGS 
ENTIRE  EXAM  WAS: 

o  ALL  NORMAL 

O  NORMAL  WITH  NOTED  VARIATIONS 
O  ABNORMAL  AS  SUMMARIZED 
O  REFUSED  ENTIRE  EXAM 

©  ®  ANY  OTHER  TESTS  INDICATED? 
©  ®  ANY  OTHER  TESTS  ORDERED? 
@®  OTHER  TESTS  DESCRIBED? 


c!  IMMARV  OF  FOLLOW-UP  INDICATED  OR  RECOMMENDED 

I®  ®  COMMENTS: 


OO 

oo 

oo 

oo 

oo 

oo 

oo 
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PARTICIPANT  LABEL 

■  -case  somber  -mn 

®0©®@®®©(D© 

®®@®®®®0®® 

®©@®®®®®®® 

®®@®®®®®®® 

®®©@®©®®®® 

®0©®®©®®®© 

®®@®®®®®®® 

®©®@®®®®®® 

EXAMINER  £0. 1 

®©®®®®®®@® 

®©@®®®®®@® 

®©©@©®®©©'® 

FORM  AFHS-4A  DERMATOLOGIC  EXAMINATION  AND  BIOPSY 


FOR  POSITIVE  FINDINGS  NOTE  TYPE  AND  LOCATION  ON  ANATOMIC  CHART 
AND  DARKEN  THE  APPROPRIATE  CIRCLE  BELOW 


YEAR  15 
FOLLOW  UP 


EXAM  WAS: 

o  NORMAL  O  NORMAL  WITH  RESULTS 

O  ABNORMAL 

o  REFUSED  ANATOMICAL  CHART  USED?  ©® 

YES 

NO 

TYPE 

YES 

NO  TYPE 

o 

o 

1 

COMEDONES 

o 

o 

17 

ORAL  MUCOSAL  ABNORMALITY 

o 

o 

2 

ACNEIFORM  LESIONS 

o 

o 

18 

FINGER  NAIL  ABNORMALITY 

o 

o 

3 

ACNEIFORM  SCARS 

o 

o 

19 

TOE  NAIL  ABNORMALITY 

o 

o 

4 

DEPIGMENTATION 

o 

o 

20 

DERMATOGRAPHIA 

o 

o 

5 

INCLUSION  CYSTS 

o 

o 

21 

SUSPECTED  BASAL  CELL  CARCINOMA 

o 

o 

6 

CUTIS  RHOMBOIDALIS 

o 

o 

22 

SUSPECTED  SQUAMOUS  CELL  CARCINOMA 

o 

o 

7 

HYPERPIGMENTATION 

o 

o 

23 

ATYPICAL/UNUSUAL  NEVUS 

o 

o 

8 

JAUNDICE 

o 

o 

24 

VITILIGO 

o 

o 

9 

SPIDER  ANGIOMATA 

o 

o 

25 

TINEA  PEDIS 

o 

o 

10 

PALMAR  ERYTHEMA 

o 

o 

26 

INTERTRIGO 

o 

o 

11 

SUSPECTED  MELANOMA 

o 

o 

27 

LIPOMA 

o 

o 

12 

PALMAR  KERATOSES 

o 

o 

28 

ECZEMA 

o 

o 

13 

ACTINIC  KERATOSES 

o 

o 

29 

PSORIASIS 

o 

o 

14 

PETECHIAE 

o 

o 

30 

SEBORRHEIC  DERMATITIS 

o 

o 

15 

ECCHYMOSES 

o 

o 

31 

OTHER  ABNORMAUTY(IES) 

o 

o 

16 

CONJUNCTIVAL  ABNORMALITY 

0  BIOPSY  NOT  INDICATED  r-*  O  BIOPSY  REFUSED  r~*-  #  SAMPLES  ®©©©©©®0©® 

O  BIOPSY  INDICATED  IF  SO  O  BIOPSY  PERFORMED,  IF  SO—1 -*•  YES  O  CONSENT  FORM  OBTAINED 

O  REFERRED  . . . 

®  ©SAMPLE#  TYPE  AND  LOCATION  CODE(S)  OO 

OO 

OO 

OO 

©  ®  COMMENT(S)/SUSPECTED  DIAGNOSIS  UU 

OO 

OO 

OO 
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EXAMINER  I.D. 


®0®®©®®0®®l 
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®©®@®®®0®® 


FORM  AFHS-4B  PHYSICAL  FEATURES 


YEAR  15 
FOLLOW  UP 


0  ®  ®  WEARING  COLORED  OR  TINTED  CONTACTS? 


EYE  COLOR 


LEFT 

RIGHT 

BROWN 

o 

o 

HAZEL 

o 

o 

GREEN 

o 

o 

GREY 

o 

o 

BLUE 

o 

o 

ABSENT 

o 

o 

HAIR  COLOR 
SOLID  COLOR  - ►  GREYS 

BLACKS  ©  @©  @® 

BROWNS  ©©@@@@© 
BLONDS  ©  @  © 

REDS  ®  © 

BALD  ®  ©NOT  NEEDED 

(NOTE:  151  -  BLACK  AND  GREY) 

©  ®  IS  HAIR  DYED  OR  ALTERED? _ 


SKIN  COLOR 

NN 

®©®®®®®®0®@©® 

©®  COMMENTS? 
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P  PARTICIPANT  LABEL 

CASE  NUMBER 

®©@®®©©®®® 

®©©®®®®©®@ 

®©@@®®®®®® 

®©@®®®®®®® 

®©@®®®®®®® 

®©0®®®®®®® 
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FORM  AFHS  -  5  NEUROLOGIC  EXAMINATION  (SHEET  1  OF  2) 


HEAD  AND  NECK 


GROUP  NUMBER 


]®®@®®®®©®® 

]®©©©@©©©®®j 


EXAMINER  1.0. 


INSPECTION  AND  PALPATION 

NECK  RANGE  OF  MOTION 

@®  COMMENTS 

wm 

CNE  YES  NO 

NORMAL 

DECEASED 

CNE 

mm 

O  NORMAL  ©  ©  ®  ASYMMETRY 

LEFT  © 

o 

® 

O  ABNORMAL  ®  ©  ®  DEPRESSION 

RIGHT  O 

o 

® 

®@®  SCAR 

FORWARD  O 

o 

® 

mm 

®@®  OTHER 

BACKWARD  © 

o 

® 

wm 

MOTOR  SYSTEMS 

GAIT 

o  NORMAL  ®®  BROAD  BASED 

O  ABNORMAL  ©  ®  SMALL  STEPPED 

O  COULD  NOT  ©®  ATAXIC 

EXAMINE  ©®  OTHER  | 

®@  COMMENTS  O 

O 

o 

o 

o 

ARM  SWING  MOVEMENT 
NORMAL  ABNORMAL  CNE 

LEFT  O  O  ® 

RIGHT  ©  O  ® 

HANDEDNESS 

OLEFT 

O  RIGHT 

O  both 

MUSCLE  STATUS  1 

O  NORMAL  BULK 

- -  TONE  - 

O  ABNORMAL 

DECREASED 

NORMAL 

CNE 

LEFT 

RIGHT 

BOTH 

LEFT 

UPPER  EXTREMITIES 

O 

O 

O 

o 

o 

LOWER  EXTREMITIES 

-  STRENGTH  - 

O 

O 

o 

o 

o 

DISTAL  WRIST  EXTENSORS 

o 

® 

O 

o 

o 

ANKLE/TOE  FLEXORS 

o 

o 

o 

o 

PROXIMAL  DELTOIDS 

o 

® 

o 

o 

o 

HIP  FLEXORS 

o 

o 

o 

o 

INCREASED  ®®  COMMENTS 


OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 


ABNORMAL  MOVEMENTS 


tTcs^horea^^siculations  ®  ©  ©  ®1®  ®  7  f;  f 

I©  ®  COMMENTS 


TREMOR(S) 


EXTREMITY 
UPPER  LOWER 


LEFT 

RIGHT 

LEFT 

RIGHT 

NO  TREMOR 

o 

o 

o 

o 

RESTING 

o 

o 

o 

o 

ESSENTIAL 

o 

o 

o 

o 

INTENTION 

o 

o 

o 

o 

OTHER 

o 

o 

o 

o 

SPEECH  ! 

0  NORMAL 
0  APHASIA 
O  OTHER  AB 

O  DYSARTHRIA 
0  AGNOSIA 
FORMALITY 

® ®  COMME 

NTS  O 

O 

O 

o 

o 

COORDINATION 


NORMAL 

1 — 

ABNORMAL 

— 1 

1 

EQUILIBRATORY  (ROMBERG) 

o 

LEFT 

RIGHT 

BOTH 

i  ■  : 

2 

FINGER-NOSE-FINGER 

o 

o 

o 

O 

: 

■ 

3 

HEEL-KNEE-SHIN 

o 

o 

o 

O 

t 

4 

HAND  PRONATION/SUPINATION 

o 

o 

o 

o 

%  ' 
f 

1 

5 

RAPID  PATTING 

o 

o 

DEEP  TENDON  REFLEXES 


(0  -  ABSENT,  1  -  SLUGGISH.  2  -  ACTIVE, 
3 -VERY  ACTIVE,  X  -  ONE) 


LEFT 


ACTIVITY 


CHE 


RIGHT 


ACTIVITY 


CNE 

® 

® 

® 

® 

® 

■ 

CNE 


@®  COMMENTS 


BICEPS 

TRICEPS 

PATELLAR 

ACHILLES 

BABiNSKI 


®  ©  ®  ® 
®  ®  ®  ® 
®  ©  ®  ® 
®  ©  ©  ® 
PRESENT  O  ABSENT  Q 


09 

® 

® 

® 

® 


®  ©  ©  ©  © 

®  ©  ©  ®  ® 

®  ©  ®  ®  ® 

®  ©  ®  ®  ® 

PRESENT  O  ABSENT  Q  © 


PATELLAR 

ACHILLES 


NORMAL. 

o 

o 


LEFT 

TRANSIENT  SUSTAINED 

o  o 

o  o 


CLONUS 

CNE  NORMAL 


® 

® 


o 

o 


RIGHT 

TRANSIENT  SUSTAINED 

o  o 

Q  O 


CNE 

® 

® 


©®  COMMENTS 


OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 


Y)Cti)  COMMENTS 


OO 

OO 
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®©©®®©©®©© 


FORM  AFHS  -  5  NEUROLOGIC  EXAMINATION  (SHEET  2  OF  2) 


YEAR 

FOLLOV 


CRANIAL  NERVES  AND  MENTAL  STATUS 


CODES: 


©  =  COULD  NOT  EXAMINE 
®  =  DEVIATED  TO  RIGHT  SIDE 


©  =  NO;  NOT  NORMAL 
©  =  DEVIATED  TO  LEFT  SIDE 


YES,  NORMAL 


MENINGEAL  IRRITATION  AND  SENSORY  SYSTEM 


COMMENTS 


NORMAL 

LEFT 

ABNORMAL - 
RIGHT  BOTH 

CNE 

STRAIGHT  LEG  RAISING 

o 

o 

o 

o 

® 

LIGHT  TOUCH 

o 

o 

o 

o 

® 

PIN  PRICK 

o 

o 

o 

o 

® 

VIBRATION  AT  ANKLE  (128  HZ) 

o 

o 

o 

o 

® 

POSITION  (GREAT  TOE) 

o 

o 

o 

o 

® 

CRANIAL  NERVES  (l,  VII) 


LEFT  RIGHT 

®@®  ®@® 

SENSE  OF  SMELL  PRESENT? 

®®©  ©®® 

SMILE  NORMAL? 

PALPEBRAL  FISSURE  NORMAL? 

®®  COMMENTS  (I.  VII} 


CRANIAL  NERVES  (II) 


LEFT 

RIGHT 

®@® 

®®® 

FUNDOSCOPIC  EXAM  NORMAL? 

®@® 

®@® 

ABSENCE  OF  DISK  PALLOR/ATROPHY? 

®®® 

@®0 

ABSENCE  OF  EXUDATE? 

®@® 

®@® 

ABSENCE  OF  PAPILLEDEMA? 

®@® 

ABSENCE  OF  HEMORRHAGE? 

©®  COMMENTS  (II) 


©(g)© 

- ► 

®®@ 

®®® 

®@® 

®®@ 

®@© 

©®© 

©®© 

®@® 


LEEI 

©®© 

©®© 

®®® 

®@® 


RIGHT 

®®© 

®@® 

®@©  - 

®@® 
®@© 
0®© 
®@® 
®@® 
®®@ 
©(g)© 
©@® 


HIGHI 

®@® 

®@© 

®®@ 

®®@ 

©®  ®© 

®®  ®© 

©®  @© 

®®  ®© 


CRANIAL  NERVES  (III,  IV,  VI) 


CONTACT  LENS  REMOVED? 

VISUAL  FIELDS  NORMAL  TO  CONFRONTATION? 

PUPILS  EQUAL  SIZE?  DIFFERENCE— -f®  ©  ®  ®  ® 

PUPJL  SHAPE/POSITION  ROUND  &  NORMAL? - ^ 

LIGHT  REACTION  NORMAL?  draw  abnormal  positions] 

HORIZONTAL  NYSTAGMUS 
VERTICAL  NYSTAGMUS 
ROTARY  NYSTAGMUS 

EYEBALL  POSITION  NORMAL? - ►  _ _ 

PTOSIS  ABSENT? 

CORNEAL  REFLEX  NORMAL? 


10®  COMMENTS  (111,1V,  VI} 


TRIGEMINAL  VI  SENSORY  NORMAL? 

TRIGEMINAL  V2  SENSORY  NORMAL? 

TRIGEMINAL  V3  SENSORY  NORMAL? 

PALATE  REFLEX  NORMAL? 

TONGUE  PROTRUDES  TO  MIDDLE,  NOT  DEVIATED? 
TONGUE  NORMAL,  NOT  ATROPHIED? 

CLENCH  JAW  SYMMETRIC  (NOT  DEVIATED)? 
PALATE  &  UVULA  MOVEMENT  (NOT  DEVIATED)? 


®  ®  MENTAL  STATUS  GROSSLY  ORIENTED  &  NORMAL? 
®  ©  COMMENTS _ 


IMPRESSION  OF  ENTIRE  NEUROLOGIC  EXAM 


O  COMPLETELY  NORMAL  EXAM 
O  NORMAL  WITH  MINOR  VARIATIONS  NOTED 
O  ABNORMAL  WITH  NO  FOLLOW-UP  NEEDED 
O  ABNORMAL  WITH  FOLLOW-UP  RECOMMENDED 

Mark  Reflex®  by  NCS  MM212100-1  554321  GS93  Printed  In  U.S.A. 


10®  COMMENTS 


PRINTED  NAME  OF  EXAMINING  PHY SICIAN/DATE 


FORM  QA  AUDIT  B 

©@®®©©N™ 


|  |  |  |  |  |  |  |  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  1  1  1  1  1  1  1  1 

— ^ — ■OOOOOOOBOOOOBOOOOOOBOOOOOOOOOOUOBOOOOOOOOOlOOB  I 
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mm*. 


®©®®®©©©®®. 

®®®®®®©®®®. 

®©®@®®®©®® 

®©@®®®®®®® 

.®©®@©®®®®® 

©Q©©®®©©®© 


®©®®®®®®®® 

@Q®©®®©®0® 

EXAMINER  I  D. 

:®©@®®®®®@® 

®©®®®©®®@® 

®Q©©®®©®®@ 


YEAR  15  I 
FOLLOW  UR' 


RIGHT 


RIGHT 


Si 


©  ®  LESION(S)  PRESENT  ON  FRONT 


LESION  TYPE  LEGEND 


1  COMEDONES 

2  ACNEIFORM  LESIONS 

3  ACNEIFORM  SCARS 

4  DEPIGMENTATION 

5  INCLUSION  CYSTS 

6  CUTIS  RHOMBOIDALIS 

7  HYPERPIGMENTATION 

8  JAUNDICE 

9  SPIDER  ANGIOMATA 
0  PALMAR  ERYTHEMA 

1  SUSPECTED  MELANOMA 

2  PALMAR  KERATOSES 

3  ACTINIC  KERATOSES 

4  PETECHIAE 

5  ECCHYMOSES 

6  CONJUNCTIVAL  ABNORMALITY 


lHVlflll 


17  ORAL  MUCC 

18  FINGERNAII 

19  TOENAIL  AE 

20  DERMATOG 

21  SUS.  BASAl 

22  SUS.  SQUAi 

23  ATYPICAUL 

24  VITILIGO 

25  TINEA  PEDI 

26  INTERTRIGI 

27  LIPOMA 

28  ECZEMA 

29  PSORIASIS 

30  SEBORRHEIC  DERMATITIS 

31  OTHER  ABNORMALiTY(IES) 


Sri 
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FORM  AFHS  -  9  ANATOMICAL  CHART  (SHEET  2  OF  2) 


YEAR  IS  ; 
FOLLOW  UP 


RIGHT 


LEFT 


©  ®  LESION(S)  PRESENT  ON  BACK 


LESION  TYPE  LEGEND 


1 

COMEDONES 

17 

ORAL  MUCOSAL  ABNORMALITY 

2 

ACNEIFORM  LESIONS 

18 
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34 

2 

9 

7,799 

Subject  Unlocatable 

(27) 

(12) 

(0) 

(0) 

(0) 

(39) 

Refused 

(37) 

(67) 

(29) 

(1) 

(0) 

(134) 

Partially  Compliant 

” 

zz 

£5} 

£0} 

£4} 

£9} 

Fully  Compliant 

972 

39 

0 

l 

5 

1,017 

1987  Examination 

Eligible 

1,036 

118 

34 

2 

9 

1,199 

Between  1985  & 

New  to  Study 

— 

— 

— 

— 

4 

4 

1 987  Examination 

Died 

(12) 

£2} 

m 

£Q} 

£Q} 

(15) 

Remaining  Eligible 

1,024 

116 

33 

2 

13 

1,188 

Subject  Unlocatable 

(8) 

(10) 

(2) 

(0) 

(0) 

(20) 

Refused 

(71) 

(69) 

(27) 

(1) 

(3) 

(171) 

Partially  Compliant 

zz 

zz 

ill 

mi 

£m 

ill 

Fully  Compliant 

945 

37 

3 

1 

it? 

996 

1992  Examination 

Eligible 

1,024 

116 

33 

2 

13 

1,188 

Between  1987  & 

New  to  Study 

— 

— 

— 

- 

(0) 

(0) 

1992  Examination 

Died 

(35) 

£2) 

£2} 

£0} 

£m 

£39} 

Remaining  Eligible 

989 

114 

31 

2 

1,149 

Subject  Unlocatable 

(5) 

(4) 

(2) 

(1) 

(0) 

(12) 

Refused 

£82) 

(75) 

£23} 

£0} 

£4} 

(184) 

Fully  Compliant 

902 

35 

6 

l 

9 

953 

1997  Examination 

Eligible 

989 

114 

31 

2 

73 

1,149 

Between  1992  & 

New  to  Study 

— 

— 

- 

- 

(0) 

(0) 

1997  Examination 

Died 

£40} 

m 

ill 

£Q} 

£m 

£48} 

Remaining  Eligible 

949 

107 

30 

2 

13 

1,101 

Subject  Unlocatable 

(1) 

(0) 

(2) 

(1) 

(0) 

(4) 

Refused 

(129) 

£11} 

£23} 

£0} 

£4} 

(227) 

Fully  Compliant 

819 

36 

5 

1 

9 

870 

FC  =  Fully  Compliant  at  Baseline 

PC  =  Partially  Compliant  at  Baseline 

UNL  = 
NS  = 

Unlocatable  at  Baseline 

New  to  Study  Since  Baseline 

R  =  Refusal  at  Baseline  --  =  Undefined  Categories 
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Table  C-2.  Compliance  of  Comparisons  by  Examination  Year 


Baseline  Compliance 


Time  Period 

Disposition 

!  1  rc 

Ur  : 

j  uSl  | 

mml 

Total 

Baseline 

1,223 

301 

133 

9 

- 

1,666 

1985  Examination 

Eligible 

1,223 

301 

133 

9 

- 

1,666 

Between  Baseline  & 

New  to  Study 

— 

— 

— 

- 

73 

73 

1985  Examination 

Died 

(16) 

£9) 

£D 

£0) 

£0) 

(26) 

Remaining  Eligible 

1,207 

292 

132 

9 

73 

1,713 

Subject  Unlocatable 

(38) 

(26) 

(0) 

(0) 

(1) 

(65) 

Refused 

(31) 

(173) 

(87) 

(5) 

(30) 

(326) 

Partially  Compliant 

n 

n 

(24) 

£Q) 

£6) 

(30) 

Fully  Compliant 

1,138 

93 

21 

4 

3d 

1,292 

1987  Examination 

Eligible 

1,207 

292 

132 

9 

73 

1,713 

Between  1985  & 

New  to  Study 

— 

— 

— 

- 

33 

33 

1987  Examination 

Died 

(14) 

ID 

£D 

£Q) 

£Q) 

(16) 

Remaining  Eligible 

1,193 

291 

131 

9 

106 

1,730 

Subject  Unlocatable 

(8) 

(20) 

(9) 

(3) 

(7) 

(47) 

Refused 

(73) 

(178) 

(88) 

(3) 

(16) 

(358) 

Partially  Compliant 

n 

iz 

£13) 

£0) 

(14) 

£27) 

Fully  Compliant 

1,112 

93 

21 

3 

69 

1,298 

1992  Examination 

Eligible 

1,193 

291 

131 

9 

706 

1,730 

Between  1987  & 

New  to  Study 

— 

— 

— 

- 

83 

83 

1992  Examination 

Died 

(37) 

£8) 

£0) 

£6) 

£52) 

Remaining  Eligible 

1,156 

283 

130 

9 

183 

1,761 

Subject  Unlocatable 

(9) 

(8) 

(7) 

(3) 

(29) 

(56) 

No  Health-Match 

— 

- 

— 

- 

(ID 

(11) 

Refused 

185) 

£179) 

£95) 

£3) 

£52) 

£04) 

Fully  Compliant 

1,062 

96 

28 

3 

91 

/,2S0 

1997  Examination 

Eligible 

1,156 

283 

130 

9 

183 

1,761 

Between  1992  & 

New  to  Study 

— 

— 

- 

- 

236 

236 

1997  Examination 

No  Health-Match  in  1 992 

- 

~ 

- 

- 

(ID 

(11) 

Died 

£40) 

£2) 

£2) 

m 

£16) 

£67) 

Remaining  Eligible 

1,116 

274 

128 

9 

392 

7,979 

Subject  Unlocatable 

(4) 

(4) 

(7) 

(2) 

(12) 

(29) 

No  Health-Match 

— 

— 

- 

- 

(91) 

(91) 

Refused 

036) 

076) 

£9D 

£3) 

(142) 

£M8) 

Fully  Compliant 

976 

94 

30 

4 

147 

7,257 

FC  =  Fully  Compliant  at  Baseline  UNL  =  Unlocatable  at  Baseline 

PC  =  Partially  Compliant  at  Baseline  NS  =  New  to  Study  Since  Baseline 

R  =  Refusal  at  Baseline  --  =  Undefined  Categories 
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Table  C-3.  Compliance  of  Original  Comparisons  by  Examination  Year 


Baseline  Compliance 


Time  Period 

Disposition 

FC 

PC 

■UNL':  '■ 

'fill 

Total 

Baseline 

81 

3 

-- 

7,235 

1985  Examination 

Eligible 

935 

216 

81 

3 

- 

7,235 

Between  Baseline  & 

New  to  Study 

— 

— 

— 

— 

17 

17 

1 985  Examination 

Died 

an 

(9) 

O) 

m 

(Q) 

(21) 

Remaining  Eligible 

924 

207 

80 

3 

77 

7,237 

Subject  Unlocatable 

(28) 

(19) 

(0) 

(0) 

(1) 

(48) 

Refused 

(25) 

(127) 

(62) 

(2) 

(4) 

(220) 

Partially  Compliant 

zz 

(81 

(Q) 

O) 

(9} 

Fully  Compliant 

871 

61 

10 

1 

11 

954 

1987  Examination 

Eligible 

924 

207 

80 

3 

17 

7,237 

Between  1985  & 

New  to  Study 

— 

— 

— 

- 

4 

4 

1987  Examination 

Died 

(12) 

m 

(0) 

(0) 

(m 

(13) 

Remaining  Eligible 

912 

206 

80 

3 

27 

7,222 

Subject  Unlocatable 

(7) 

(12) 

(9) 

(2) 

(1) 

(31) 

Refused 

(51) 

(131) 

(53) 

(1) 

(6) 

(242) 

Partially  Compliant 

zz. 

an 

(Q) 

(0) 

on 

Fully  Compliant 

854 

63 

7 

0 

74 

938 

1992  Examination 

Eligible 

912 

206 

80 

3 

27 

1,222 

Between  1987  & 

New  to  Study 

— 

— 

— 

— 

2 

2 

1992  Examination 

Died 

(25) 

(6) 

(0) 

(0) 

(2) 

(33) 

Remaining  Eligible 

887 

200 

80 

3 

27 

7,797 

Subject  Unlocatable 

(6) 

(4) 

(3) 

(2) 

(0) 

(15) 

Refused 

(61} 

(132) 

(64) 

m 

(6} 

(2M) 

Fully  Compliant 

820 

64 

13 

0 

75 

972 

1997  Examination 

Eligible 

887 

200 

80 

3 

27 

7,797 

Between  1 992  & 

New  to  Study 

— 

— 

- 

- 

2 

2 

1997  Examination 

Died 

(32) 

(9} 

m 

(Q) 

(m 

(42) 

Remaining  Eligible 

855 

191 

79 

3 

23 

7,757 

Subject  Unlocatable 

(3) 

(3) 

(4) 

(0) 

(0) 

(10) 

Refused 

006} 

025} 

(61) 

(2} 

(8) 

(302) 

Fully  Compliant 

746 

63 

14 

1 

75 

539 

FC  =  Fully  Compliant  at  Baseline 

UNL  = 

Unlocatable  at  Baseline 

PC  =  Partially  Compliant  at  Baseline 

NS  = 

New  to  Study  Since  Baseline 

R  =  Refusal  at  Baseline  --  =  Undefined  Categories 
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Table  C-4.  Compliance  of  Replacement  Comparisons  by  Examination  Year 

Time  Period 

Disposition 

FC  I 

t  S  i 

PC 

Baseline  Compliance 

R  UNL 

'  •  NS  : 

Total 

Baseline 

288 

85 

52 

6 

- 

431 

1985  Examination 

Eligible 

288 

85 

52 

6 

- 

431 

Between  Baseline  & 

New  to  Study 

-- 

— 

— 

~ 

56 

56 

1985  Examination 

Died 

(5) 

£Q) 

(0) 

{01 

{0} 

{5} 

Remaining  Eligible 

283 

85 

52 

6 

56 

482 

Subject  Unlocatable 

(10) 

(7) 

(0) 

(0) 

(0) 

(17) 

Refused 

(6) 

(46) 

(25) 

(3) 

(26) 

(106) 

Partially  Compliant 

(16) 

{Q} 

{5} 

(21) 

Fully  Compliant 

267 

32 

11 

3 

25 

338 

1987  Examination 

Eligible 

283 

85 

52 

6 

56 

482 

Between  1985  & 

New  to  Study 

— 

— 

— 

— 

29 

29 

1987  Examination 

Died 

(Q) 

ill 

{Q} 

{0} 

{3} 

Remaining  Eligible 

281 

85 

51 

6 

85 

50S 

Subject  Unlocatable 

(1) 

(8) 

(0) 

(1) 

(6) 

(16) 

Refused 

(22) 

(47) 

(35) 

(2) 

(10) 

(116) 

Partially  Compliant 

{2} 

{Q} 

{14} 

(16) 

Fully  Compliant 

258 

30 

14 

3 

55 

560 

1992  Examination 

Eligible 

281 

85 

51 

6 

85 

505 

Between  1987  & 

New  to  Study 

— 

— 

- 

- 

81 

81 

1992  Examination 

Died 

(12) 

(21 

ill 

mi 

{4} 

(19) 

Remaining  Eligible 

269 

83 

50 

6 

162 

570 

Subject  Unlocatable 

(3) 

(4) 

(4) 

(1) 

(29) 

(41) 

No  Health-Match 

- 

- 

„ 

- 

(11) 

(ID 

Refused 

{24} 

{47} 

{31} 

£21 

{46} 

am 

Fully  Compliant 

242 

32 

15 

3 

76 

368 

1997  Examination 

Eligible 

269 

83 

50 

6 

162 

570 

Between  1992  & 

New  to  Study 

— 

- 

- 

- 

234 

234 

1997  Examination 

No  Health-Match  in  1992 

— 

- 

- 

- 

(ID 

(11) 

Died 

(Q) 

ill 

{Q} 

(16) 

i25l 

Remaining  Eligible 

261 

83 

49 

6 

569 

768 

Subject  Unlocatable 

(1) 

(1) 

(3) 

(2) 

(12) 

(19) 

No  Health-Match 

— 

- 

- 

- 

(91) 

(91) 

Refused 

(30) 

{51} 

{30} 

m 

{134} 

(246) 

Fully  Compliant 

230 

31 

16 

3 

132 

412 

FC  =  Fully  Compliant  at  Baseline 

PC  =  Partially  Compliant  at  Baseline 

UNL  = 
NS  = 

Unlocatable  at  Baseline 

New  to  Study  Since  Baseline 

R  =  Refusal  at  Baseline 

= 

Undefined  Categories 
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Appendix  D.  Coefficients  Of  Variation  For  Quality  Control 


This  appendix  contains  a  table  of  the  coefficients  of  variation  (CVs)  for  each  of  the  49  laboratory  quality 
control  assays.  Included  in  this  table  are  the  target  CVs  and  actual  CVs.  The  targets  and  standard 
deviations  are  given  for  low,  medium,  and  high  level  controls.  A  different  entry  is  provided  where 
control  lots  were  changed.  The  targets  and  standard  deviations  for  the  separate  time  periods  often 
change,  and  these  changes  should  be  incorporated  into  any  analysis  of  these  data. 
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Table  D-1 .  Coefficients  of  Variation  for  Quality  Control — Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 


-  •—  -  .  • 

«s  i*  LliilJiiMii  i31  U4USJ!  *  i@ 

*■&;  -■  V  *  ** 

instil ft  rm^i 

HHMil  '*■ 

*  •  -•*  *  <  i’  . 

Kwspi 

aAiisumif 

WM 

PfliNH?  fUs  Hi  i  i  (Si 

ttffit^ 

2-hour  Postprandial  Glucose  (AF2HGL)  (mg/dl) 

5/1/97-end 

3.0 

1.6 

1.5 

2.4 

1.9 

1.8 

a- 1 -Acid  Glycoprotein  (AFA1AG)  (mg/dl) 

5/2/97-8/20/97 

5.0 

4.8 

4.8 

2.5 

2.9 

4.4 

8/21/97-end 

8.5 

7.5 

7.6 

3.1 

3.6 

4.7 

a- 1 -Antitrypsin  (AFA1AT)  (mg/dl) 

5/2/97-8/20/97 

6.2 

4.2 

4.5 

7-5 

3.6 

4.7 

8/21  /97-end 

12.0 

9.9 

10.1 

4.1 

5.7 

oc-2-Macroglobulin  (AFA2MG)  (mg/dl) 

5/2/97-8/20/97 

4.8 

4.4 

5.0 

4.2 

3.9 

5.2 

8/21 /97-end 

12.6 

10.0 

10.0 

5.7 

5.5 

6.1 

Albumin  (AFALBU)  (mg/dl) 

5/2/97-8/20/97 

4.8 

4.4 

4.1 

3.4 

3.1 

3.3 

8/21/97-end 

7.6 

7.5 

7.5 

4.6 

5.1 

5.8 

Alkaline  Phosphatase  (ALFCA)  (U/l) 

5/1/97-6/30/97 

10.2 

4.5 

5.1 

10.2 

4.1 

4.9 

7/1 /97-end 

10.6 

4.7 

5.4 

12.2 

5.5 

6.0 

ALT  (ALT)  (U/l) 

5/1/97-end 

4.5 

4.5 

4.8 

3.6 

5.5 

3.3 

Amylase  (AMY)  (U/l) 

5/1/97-end 

2.5 

1.8 

2.2 

2.2 

1:3 

1.1 

Apolipoprotein  B  (AFAPO)  (mg/dl) 

5/2/97-8/20/97 

5.4 

5.2 

4.9 

2.5 

2.8 

3.0 

8/21/97-end 

10.0 

9.0 

8.6 

4.4 

4.4 

4.3 

AST  (ASTA)  (U/l) 

5/1/97-end 

7.6 

4.3 

3.4 

7.3 

3.7 

2.3 

C3  Complement  (AFC3C)  (mg/dl) 

5/2/97-8/20/97 

8.6 

4.8 

4.7 

9.3 

3.6 

4.6 

8/21/97-end 

9.5 

8.9 

8.5 

7.7 

4.7 

5.8 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control— Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 


*** .  *  - gs —  :  z  h  ■■  ■■ - r- 

-  ,  '  '  '  ■  .  :  -  .  • 

-  .  '  • 

Time  lVrind 

Target 

Actual 

VC;  ■  *  i'*V- 

-Low  , 

Medium 

High 

Low 

Medium  I  High 

C4  Complement  (AFC4C)  (mg/dl) 

5/2/97-8/20/97 

4.8 

5.0 

4.9 

3.5 

3.4 

3.9 

8/21 /97-end 

10.0 

8.7 

9.0 

4.6 

4.6 

4.9 

Cholesterol  (CHOLA)  (mg/dl) 

5/1/97-end 

3.8 

3.2 

2.7 

3.0 

2.3 

3.3 

Creatine  Phosphokinase  (CPKA)  (U/l) 

5/1/97-end 

6.1 

2.6 

3.8 

4.2 

3.0 

2.6 

Creatinine  (CRETA)  (mg/dl) 

5/1/97-end 

5.6 

3.4 

2.6 

6.4 

2.7 

2.3 

Direct  Bilirubin  (DBILA)  (mg/dl) 

5/1 /97-end 

25.0 

20.0 

11.1 

39.8 

10.7 

5.8 

Estradiol  (AFESTR)  (pg/ml) 

5/1/97-end 

9.8 

10.0 

10.0 

12.6 

8.7 

9.2 

Free  Testosterone  (AFTESF)  (pg/ml) 

5/1/97-end 

14.2 

14.7 

15.0 

21.2 

14.0 

12.2 

FSH  (AFFSHR)  (mlU/ml) 

5/1/97-9/15/97 

5.2 

5.4 

5.0 

5.1 

4.4 

4.8 

9/16/97-end 

5.0 

5.3 

4.9 

6.0 

4.5 

4.7 

GGT  (GGTA)  (U/l) 

5/1/97-end 

6.0 

2.4 

3.8 

5.4 

1.9 

1.5 

Glucose  (GLUCA)  (mg/dl) 

5/1/97-end 

3.0 

1.6 

1.5 

2.4 

1.8 

1.8 

Glycated  Hemoglobin  (a-l-C  Hemoglobin) 
(AFHA1C)  (percent) 

5/1 /97-end 

12.7 

10.1 

8.2 

8.9 

7.5 

7.8 

Haptoglobin  (AFHAPT)  (mg/dl) 

5/2/97-8/20/97 

4.9 

4.6 

4.6 

2.9 

3.4 

3.8 

8/21/97-end 

7.5 

7.0 

7.0 

3.7 

4.0 

4.1 

HDL  Cholesterol  (HDLA)  (mg/dl) 

5/1/97-end 

6.3 

11.4 

3.7 

7.6 

6.8 

5.2 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control—  Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 


. *  ' 

i 

,  ,  •  *”»■ "  * 

Ek&SSSSL 

MWBBfflWTCiflWM 

>  i  j!‘  *  > 

i; *  m 

llils* 

Hematocrit  (HCT)  (percent) 

4/22/97-5/21/97 

4.8 

1.9 

1.4 

1.1 

5/22/97-6/25/97 

5.1 

2.6 

3.1 

1.3 

1.1 

1.2 

6/26/97-7/21/97 

5.1 

2.6 

2.7 

2.0 

1.2 

2.1 

7/22/97-8/13/97 

5.2 

2.6 

2.8 

1.0 

1.3 

0.9 

8/14/97-9/8/97 

5.1 

2.7 

1.1 

0.9 

0.9 

9/9/97-10/8/97 

5.0 

2.6 

2.7 

1.3 

1.5 

1.8 

10/9/97-11/12/97 

5.0 

2.7 

2.8 

1.4 

1.4 

1.5 

11/13/97-12/10/97 

5.0 

2.6 

2.7 

1.6 

2.4 

12/11/97-1/14/98 

5.0 

2.6 

2.8 

2.3 

1.4 

1.7 

1/15/98-2/11/98 

5.0 

2.6 

1° 

oo 

1.7 

1.4 

1.0 

2/12/98-3/18/98 

5.1 

2.6 

2.8 

2.2 

1.7 

1.6 

3/19/98-end 

5.0 

2.6 

2.8 

1.1 

0.9 

1.1 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control — Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 


ULr  ~  -  jiL1  pilj  ~  ‘-'?~'1  ’~'tc"’ 5  -l~’;fofer?.>p. 

,  .  . >• 

W»  $  il  i~J  VT  9  { t  ’ « 

3*^^ i,r  -$>&* .'CiSfAiS’S 

ifpmp 

rs,hv':* 

.  ‘  •  \  -- .  «*V‘ 

■U-  -*■  vr.  -  4  i  5? 

..■’*■■■.■  i-  n  ,  -  •  '' 

r . ; , ?■}  *.*’  V 

Hemoglobin  (HGB)  (gm/dl) 

4/22/97-5/21/97 

2.9 

1.6 

1.8 

1.1 

1.0 

0.9 

5/22/97-6/25/97 

2.9 

1.6 

1.8 

0.8 

0.7 

1.0 

6/26/97-7/21/97 

2.9 

1.6 

1.8 

1.8 

0.7 

1.0 

7/22/97-8/13/97 

3.0 

1.6 

1.8 

1.0 

0.6 

1.3 

8/14/97-9/8/97 

2.9 

1.6 

1.8 

0.5 

0.5 

0.4 

9/9/97-10/8/97 

2.9 

1.6 

1.8 

1.0 

0.9 

1.3 

10/9/97-11/12/97 

2.9 

1.6 

1.8 

1.0 

0.9 

1.4 

11/13/97-12/10/97 

2.9 

1.6 

1.8 

0.9 

0.7 

1.0 

12/11/97-1/14/98 

2.9 

1.5 

1.8 

1.1 

0.7 

0.8 

1/15/98-2/1 1/98 

2.9 

1.6 

1.8 

0.8 

0.9 

2/12/98-3/18/98 

2.9 

1.6 

1.8 

1.1 

0.8 

0.7 

3/19/98-end 

2.9 

1.6 

1.8 

1.1 

IgA  (AFIGA)  (mg/dl) 

5/2/97-8/20/97 

4.9 

4.0 

4.8 

2.9 

2.5 

3.1 

8/21 /97-end 

7.6 

7.0 

7.1 

3.8 

3.5 

3.7 

IgG  (AFIGG)  (mg/dl) 

5/2/97-8/20/97 

4.7 

4.5 

5.2 

2.3 

3.2 

3.2 

8/21  /97-end 

8.0 

7.1 

6.9 

2.9 

3.4 

3.5 

IgM  (AFIGM)  (mg/dl) 

5/2/97-8/20/97 

4.3 

4.6 

4.9 

3.3 

3.1 

3.6 

8/21/97-end 

10.0 

9.1 

8.9 

4.3 

4.0 

4.0 

Insulin  (AFINS)  (jilU/ml  @  2  hrs.) 

5/1/97-2/4/98 

7.1 

4.4 

4.0 

5.1 

5.2 

5.6 

2/5/98-end 

7.7 

7.4 

5.3 

6.6 

8.3 

6.7 

LDH  (LDHA)  (U/l) 

5/1/97-end 

4.5 

3.0 

3.3 

3.6 

3.0 

2.7 

Luteinizing  Hormone  (AFLH)  (mlU/ml) 

5/1 /97-end 

5.0 

4.9 

4.9 

6.0 

5.1 

6.1 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control— Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 
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ktrw^*^*>n 
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_-**v 

■*.  ■  siw'i  v 

..  .  ... 

4  &5&S-*  ~  v  >£ 

X  X  X  X-*.'  «l  ^”3^4**? 

*  tV»  V  4 

Mean  Corpuscular  Hemoglobin  (MCH)  (pg) 

4/22/97-5/21/97 

2.8 

2.0 

2.4 

1.1 

1.0 

0.7 

5/22/97-6/25/97 

2.8 

2.0 

2.4 

0.9 

1.1 

1.0 

6/26/97-7/21/97 

2.8 

2.0 

2.4 

1.0 

0.9 

0.8 

i  mm -my 9i 

2.9 

2.0 

2.4 

1.4 

1.3 

1.3 

8/14/97-9/8/97 

2.8 

2.0 

2.4 

1.1 

0.6 

0.6 

9/9/97-10/8/97 

2.8 

2.0 

2.4 

1.2 

0.8 

0.9 

10/9/97-11/12/97 

2.8 

2.0 

2.4 

1.3 

1.0 

1.0 

11/13/97-12/10/97 

2.8 

2.0 

2.4 

1.5 

0.8 

1.1 

12/11/97-1/14/98 

2.8 

2.4 

1.6 

1.3 

0.9 

1/15/98-2/11/98 

2.8 

2.0 

2.4 

1.3 

1.1 

1.0 

2/12/98-3/18/98 

2.8 

2.0 

2.4 

1.3 

1.2 

1.1 

3/19/98-end 

2.9 

2.0 

2.4 

1.0 

0.8 

0.9 

Table  D-1.  Coefficients  of  Variation  for  Quality  Control — Tr 
(Continued) 


Control  Data  for  the  1997  Air  Force  Health  Study 


111 

mm 

i® 

iB 

***..'* 

gigiS  rtTiTVit 

uisii  v>^ 
Emm 

iBIi! 

mmmm®  mm 

— f#y»« 

2.5 

3.8 

3.1 

1.1 

1.5 

0.6 

2.5 

3.9 

3.2 

1.3 

1.7 

1.5 

2.5 

3.8 

3.1 

1.4 

0.9 

0.9 

2.5 

4.0 

3.2 

1.2 

1.2 

1.0 

2.5 

3.9 

3.2 

0.9 

1.3 

0.8 

2.5 

3.9 

3.1 

i.l 

1.2 

1.0 

2.5 

3.9 

3.1 

0.9 

1.2 

1.0 

2.5 

3.9 

3.1 

1.7 

1.8 

1.3 

2.5 

3.9 

3.1 

2.0 

2.4 

1.4 

2.5 

3.9 

3.1 

1.5 

1.8 

1.3 

2.5 

3.8 

3.1 

1.8 

1.7 

2.0 

2.5 

3.9 

3.1 

1.1 

1.0 

1.1 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control— Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 
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Mean  Corpuscular  Volume  (MCV)  (cu.  micra) 

4/22/97-5/21/97 

1.8 

1.7 

1.7 

0.8 

0.6 

0.7 

5/22/97-6/25/97 

1.8 

1.7 

1.7 

1.4 

0.8 

0.5 

6/26/97-7/21/97 

1.8 

1.7 

1.7 

0.9 

0.9 

1.4 

7/22/97-8/13/97 

1.9 

1.7 

1.7 

0.9 

1.1 

1.0 

8/14/97-9/8/97 

1.8 

1.7 

1.7 

0.5 

0.5 

0.5 

9/9/97-10/8/97 

1.8 

1.7 

1.7 

0.7 

0.6 

0.6 

10/9/97-1 1/12/97 

1.8 

1.7 

1.7 

0.7 

0.7 

0.7 

11/13/97-12/10/97 

1.8 

1.7 

1.7 

1.2 

12/11/97-1/14/98 

1.8 

1.7 

1.7 

1.2 

0.9 

0.7 

1/15/98-2/11/98 

1.8 

1.7 

1.7 

0.7 

0.8 

0.7 

2/12/98-3/18/98 

18 

1.7 

1.7 

1.8 

1.3 

0.8 

3/19/98-end 

1.9 

1.7 

1.7 

0.5 

0.3 

0.6 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control— Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 


ISIS 

Hi 

11 

.  ,ir"9(*AW 

iBHMK&lllHBi 

Platelet  Count  (PLT)  (thousand/mm3) 

4/22/97-5/21/97 

10.1 

5.5 

mm 

4.8 

4.5 

2.7 

5/22/97-6/25/97 

9.4 

5.1 

4.3 

3.0 

2.3 

3.3 

6/26/97-7/21/97 

9.7 

4.5 

2.5 

2.7 

2.0 

7/22/97-8/13/97 

4.4 

3.2 

2.2 

2.1 

8/14/97-9/8/97 

9.4 

5.0 

4.5 

1.8 

1.8 

1.6 

9/9/97-10/8/97 

9.1 

5.0 

4.4 

2.2 

1.8 

1.8 

10/9/97-11/12/97 

9.1 

5.1 

4.5 

4.5 

2.6 

2.1 

11/13/97-12/10/97 

10.1 

5.4 

4.6 

2.2 

2.5 

2.8 

12/11/97-1/14/98 

9.7 

5.3 

4.6 

2.1 

2.0 

2.2 

1/15/98-2/11/98 

10.0 

5.4 

4.6 

2.7 

3.5 

2.0 

2/12/98-3/18/98 

10.3 

5.7 

4.8 

3.3 

2.8 

2.6 

3/19/98-end 

9.9 

5.4 

4.7 

2.1 

1.9 

2.4 

Prealbumin  (AFPRAL)  (mg/dl) 

5/2/97-8/20/97 

4.9 

4.5 

5.0 

2.7 

3.2 

5.4 

8/21/97-end 

7.5 

7.1 

8.0 

3.2 

3.7 

6.4 

Prostate  Specific  Antigen  (AFPSA)  (ng/ml) 

4/30/97-8/10/97 

13.2 

9.9 

10.0 

5.6 

6.2 

6.3 

8/11/97-11/17/97 

5.4 

5.6 

4.4 

7.3 

5.8 

7.1 

11/18/97-2/11/98 

5.7 

7.0 

10.3 

5.3 

5.5 

7.4 

2/12/98-end 

5.1 

3.8 

4.5 

4.2 

4.5 

5.8 

Prothrombin  Time  (AFPTP)  (seconds) 

5/1 /97-end 

2.5 

2.9 

5.0 

1.9 

2.0 

2.2 
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Table  D-1.  Coefficients  of  Variation  for  Quality  Control — Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 
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V  <■  ,v  „<•  V>,_  ■>  >*J.  *  1 

\  'V  .  --  .  -  - 
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S'  , 

ill  'ip  1. 
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Low 

Actual 

8BMKSS 

Red  Blood  Cell  Count  (RBC)  (million/mm3) 

4/22/97-5/21/97 

2.2 

1.5 

1.6 

1.5 

0.9 

1.0 

5/22/97-6/25/97 

2.2 

1.5 

1.6 

1.0 

0.7 

1.1 

6/26/97-7/21/97 

2.2 

1.5 

1.6 

1.3 

0.8 

l.i 

7/22/97-8/13/97 

2.2 

1.5 

1.7 

0.9 

1.7 

1.0 

8/14/97-9/8/97 

2.2 

1.5 

1.6 

0.8 

0.6 

0.6 

9/9/97-10/8/97 

2.2 

1.5 

1.6 

1.0 

1.5 

1.5 

10/9/97-11/12/97 

2.2 

1.5 

1.7 

1.4 

1.4 

1.3 

11/13/97-12/10/97 

2.2 

1.5 

1.6 

1.5 

1.0 

1.5 

12/11/97-1/14/98 

2.2 

1.4 

1.6 

1.7 

0.7 

1.1 

1/15/98-2/11/98 

2.2 

1.5 

1.6 

1.2 

0.8 

0.7 

2/12/98-3/18/98 

2.2 

1.5 

1.6 

1.1 

0.9 

1.0 

3/19/98-end 

2.2 

1.5 

1.6 

1.0 

0.7 

0.8 

Rheumatoid  Factor  (AFLATX)  (IU/ml) 

5/1/97-end 

50.0 

5.0 

5.0 

0.0 

3.6 

3.5 

T4  (AFT4)  (ixg/dl) 

5/1/97-10/5/97 

7.8 

7.8 

7.7 

7.8 

5.6 

5.0 

10/6/97-end 

7.8 

7.8 

7.7 

11.4 

6.5 

6.3 

Total  Bilirubin  (TBILA)  (mg/dl) 

5/1/97-end 

15.7 

5.8 

5.1 

8.0 

2.8 

3.2 

Total  Testosterone  (AFTEST)  (ng/dl) 

5/1/97-12/3/97 

10.4 

9.8 

4.2 

11.5 

9.5 

7.0 

12/4/97-end 

8.2 

8.2 

7.4 

9.0 

7.2 

6.8 

Transferrin  (AFTRFR)  (mg/dl) 

5/2/97-8/26/97 

4.6 

4.7 

4.6 

4.6 

2.8 

3.8 

8/27/97-end 

7.6 

6.9 

7.0 

bo 

4.1 

5.8 

Triglycerides  (TRIGA)  (mg/dl) 

5/1 /97-end 

16.1 

3.7 

3.8 

15.3 

2.9 

3.0 

Table  D-1.  Coefficients  of  Variation  for  Quality  Control— Trilevel  Control  Data  for  the  1997  Air  Force  Health  Study 
(Continued) 
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|apsMaaap. 

Hyila^SSu>! 

TSH  (AFTSH)  (plU/ml) 

5/1/97-2/14/98 

10.0 

8.4 

8.3 

10.1 

11.2 

2/15/98-end 

10.0 

7.6 

7.8 

6.1 

5.9 

Urinary  pH  (UAPH) 

4/97-end 

8.3 

6.7 

6.3 

2.5 

1.2 

White  Blood  Cell  Count  (WBC)  (thousand/mm3) 

4/22/97-5/21/97 

5.7 

3.8 

2.9 

2.8 

5/22/97-6/25/97 

5.9 

4.0 

2.8 

2.4 

3.7 

0.9 

6/26/97-7/21/97 

5.7 

3.8 

2.8 

2.9 

2.3 

7/22/97-8/13/97 

5.6 

3.8 

2.9 

2.7 

2.4 

1.5 

8/14/97-9/8/97 

5.7 

3.9 

2.8 

2.5 

1.8 

0.6 

9/9/97-10/8/97 

3.8 

2.8 

1.3 

10/9/97-1 1/12/97 

3.9 

2.8 

2.6 

2.6 

1.4 

11/13/97-12/10/97 

KH 

3.9 

2.7 

2.3 

2.2 

1.1 

12/11/97-1/14/98 

5.6 

4.0 

2.8 

3.4 

2.0 

1.0 

1/15/98-2/11/98 

5.9 

4.0 

2.8 

2.9 

2.8 

1.3 

2/12/98-3/18/98 

5.7 

3.9 

2.8 

3.6 

1.9 

1.2 

3/19/98-end 

5.6 

3.8 

2.8 

1.6 

1.1 

0.9 
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Appendix  E.  Statistical  Methods 
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Table  E-1.  Approximate  Power  To  Detect  an  Initial  Dioxin  Effect  at  a  5-Percent  Level  of 
Significance  (Discrete  Dependent  Variable) 


Prevalence  of 
Condition 

Relative  Risk 

i  >  |  ( f  £ 

1.10 

1.20 

1.30 

1.40 

1.50 

1.75 

2.00 

10.00 

20.00 

0.005 

0.05 

0.07 

0.09 

0.13 

0.18 

0.35 

0.56 

1.00 

1.00 

0.01 

0.06 

0.09 

0.14 

0.21 

0.30 

0.59 

0.82 

1.00 

1.00 

0.02 

0.07 

0.13 

0.23 

0.36 

0.52 

0.84 

0.97 

1.00 

1.00 

0.03 

0.08 

0.16 

0.31 

0.49 

0.67 

0.94 

0.99 

1.00 

1.00 

0.04 

0.09 

0.20 

0.39 

0.60 

0.78 

0.98 

1.00 

1.00 

1.00 

0.05 

0.10 

0.24 

0.46 

0.68 

0.85 

0.99 

1.00 

1.00 

1.00 

0.10 

0.14 

0.39 

0.70 

0.90 

0.98 

1.00 

1.00 

1.00 

1.00 

0.15 

0.17 

0.51 

0.82 

0.96 

0.99 

1.00 

1.00 

1.00 

1.00 

0.20 

0.20 

0.59 

0.89 

0.98 

1.00 

1.00 

1.00 

1.00 

1.00 

Table  E-2.  Approximate  Power  To  Detect  a  Categorized  Dioxin  Effect  (Low  plus  High  Ranch 
Hands  vs.  Comparisons)  at  a  5-Percent  Level  of  Significance  (Discrete  Dependent 
Variable) 


Prevalence  of 
Condition 

4  :■  f,  {  r  4  f-  C 

mu 

Relative  Risk 

?•  : 

uo 

1.20 

1.50 

1.75 

10.00 

20.00 

0.005 

0.05 

0.06 

0.07 

0.08 

0.09 

0.13 

0.18 

0.95 

0.99 

0.01 

0.05 

0.06 

0.08 

0.10 

0.13 

0.21 

0.30 

1.00 

1.00 

0.02 

0.06 

0.08 

0.11 

0.15 

0.21 

0.36 

0.53 

1.00 

1.00 

0.03 

0.06 

0.09 

0.14 

0.21 

0.28 

0.50 

0.69 

1.00 

1.00 

0.04 

0.06 

0.11 

0.17 

0.26 

0.35 

0.61 

0.81 

1.00 

1.00 

0.05 

0.07 

0.12 

0.20 

0.30 

0.42 

0.70 

0.88 

1.00 

1.00 

0.10 

0.08 

0.18 

0.33 

0.51 

0.67 

0.92 

0.99 

1.00 

1.00 

0.15 

0.10 

0.24 

0.44 

0.65 

0.81 

0.98 

1.00 

1.00 

1.00 

0.20 

0.11 

0.28 

0.52 

0.74 

0.88 

0.99 

1.00 

1.00 

1.00 
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Table  E-3.  Approximate  Power  To  Detect  a  Lipid-adjusted  1987  Dioxin  Effect  at  a  5-Percent  Level 
of  Significance  (Discrete  Dependent  Variable) 


Prevalence  of 
Condition 

j:  ■ 

Relative  Risk 

bhh 

1.10 

1.20 

1J0 

1.40 

1.50 

1.75 

2.00 

10.00 

0.005 

0.06 

0.09 

0.15 

0.23 

0.34 

0.65 

0.89 

1.00 

1.00 

0.01 

0.07 

0.14 

0.25 

0.40 

0.57 

0.90 

0.99 

1.00 

1.00 

0.02 

0.09 

0.22 

0.43 

0.66 

0.84 

0.99 

1.00 

1.00 

1.00 

0.03 

0.11 

0.30 

0.58 

0.82 

0.95 

1.00 

1.00 

1.00 

1.00 

0.04 

0.13 

0.38 

0.69 

0.90 

0.98 

1.00 

1.00 

1.00 

1.00 

0.05 

0.15 

0.45 

0.78 

0.95 

0.99 

1.00 

1.00 

1.00 

1.00 

0.10 

0.25 

0.70 

0.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.15 

0.32 

0.83 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.20 

0.39 

0.90 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Table  E-4.  Approximate  Power  To  Detect  an  Initial  Dioxin  Effect  at  a  5-Percent  Level  of 
Significance  (Continuous  Dependent  Variable) 


Mean  Change 

%  f>2  f  , 

Coefficient  of  Variation  (100  ofyl) 

£>  $8*  ^  'ii  w  v  ! 

5 

10 

•  25 

50 

75 

0.005 

0.82 

0.30 

0.09 

0.06 

0.05 

1.00 

0.82 

0.21 

0.09 

0.07 

0.02 

1.00 

1.00 

0.97 

0.64 

0.21 

0.12 

0.03 

1.00 

1.00 

1.00 

0.93 

0.41 

0.21 

0.04 

1.00 

1.00 

1.00 

1.00 

0.64 

0.34 

0.05 

1.00 

1.00 

1.00 

1.00 

0.82 

0.49 

0.10 

1.00 

1.00 

1.00 

1.00 

1.00 

0.97 

E-3 


Table  E-5.  Approximate  Power  To  Detect  a  Categorized  Dioxin  Effect  (Low  plus  High  Ranch 

Hands  vs.  Comparisons)  at  a  5-Percent  Level  of  Significance  (Continuous  Dependent 
Variable) 


Table  E-6.  Approximate  Power  To  Detect  a  Lipid-adjusted  1987  Dioxin  Effect  at  a  5-Percenlt  Level 
of  Significance  (Continuous  Dependent  Variable) 
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APPENDIX  F.  DEPENDENT  VARIABLE-COVARIATE  ASSOCIATIONS 


This  appendix  contains  results  of  tests  of  association  between  each  dependent  variable  and  covariates  for 
the  adjusted  analysis  of  each  dependent  variable.  Pearson’s  chi-square  test  (continuity-adjusted  for  2x2 
tables)  is  used  for  significance  testing  of  the  associations  between  each  discrete  dependent  variable  and 
the  covariate.  When  a  covariate  is  continuous  in  nature  (for  example,  age),  the  covariate  is  discretized 
prior  to  the  analysis  of  the  discrete  dependent  variable.  Pearson’s  correlation  coefficient  is  used  for 
significance  testing  of  the  associations  between  each  continuous  dependent  variable  and  a  continuous 
candidate  covariate.  When  a  covariate  is  discrete  in  nature,  means  (transformed  back  to  the  original 
scale,  if  necessary)  are  presented  and  an  analysis  of  variance  is  used  to  investigate  the  difference  between 
the  means. 
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Table  F-1.  Dependent  Variable-Covariate  Associations  for  the  General  Health  Assessment 


Dependent 

Variable 

B  tl | 1 

Age 

Race 

■  -tevelv  fl 

Bora  £1942 

Bom  <1942 

p- Value 

Black 

Non-Black 

p-Value 

Self-perception 
of  Health 

Fair  or 
Poor 

(n=932) 

10.7% 

(n=l,188) 

13.0% 

0.132 

(n=128) 

19.5% 

(n= 1,992) 
11.5% 

0.010 

Appearance  of 

Illness  or  Distress 

Yes 

(n=933) 

1.0% 

(n=l,188) 

1.7% 

0.220 

(n=128) 

4.7% 

(n=  1,993) 
1.2% 

0.003 

Relative  Age 
Appearance 

Older 

(n=933) 

7.8% 

(n=l,188) 

10.2% 

0.072 

(n=128) 

7.0% 

(n=  1,993) 
9.3% 

0.485 

Body  Fat 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

(continuous)8 

(discrete) 

Obese 

r  =-0.011 

30.2%  28.5% 

0.621 

0.399 

x  =22.59 
35.2% 

x  =22.18 
28.9% 

0.410 

0.156 

Erythrocyte 
Sedimentation  Rate 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

(continuous)6 

(discrete) 

Abnormal 

r=0.179 

6.1%  8.7% 

<0.001 

0.033 

x  =5.33 
10.2% 

x  =4.74 
7.4% 

0.184 

0.326 

ISIFi 

||g|g| 

SIM# 

OCCK 

ipation 

MM'I  | 

•  p 

ersonality  Ty] 

Ml  I  1 II 

ERy^d 

G^w 

p-Value 

4$ 

T^eB 

p-Value 

Self-perception  of 

Fair  or 

(n=835) 

(n=338) 

(n=947) 

(n=819) 

(n=  1,298) 

Health 

Poor 

7.7% 

14.5% 

14.9% 

0.001 

11.4% 

12.4% 

0.513 

Appearance  of 

(n=835) 

(n=338) 

(n=948) 

Illness  or  Distress 

Yes 

0.8% 

1.5% 

1.8% 

0.219 

- 

- 

— 

Relative  Age 

(n=835) 

(n=338) 

(n=948) 

Appearance 

Older 

5.6% 

12.7% 

11.0% 

0.001 

-- 

— 

-- 

Body  Fat 

(n=S35) 

(n=338) 

(n=948) 

(continuous) 

x  =21.94 

x  =21.97 

x  =22.52 

0.059 

— 

- 

~ 

(discrete) 

Obese 

25.3% 

28.1% 

33.1% 

0.001 

— 

— 

Erythrocyte 

(n=835) 

(n=338) 

(n=948) 

(n=820) 

(n=  1,298) 

Sedimentation  Rate 

(continuous) 

x  =4.39 

x  =5.61 

x  =4.85 

<0.001 

x  =4.56 

x  =4.91 

0.090 

(discrete) 

Abnormal 

6.5% 

9.2% 

7.9% 

0.240 

6.3% 

8.3% 

0.111 
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Table  F-1.  Dependent  Variable-Covariate  Associations  for  the  General  Health 
Assessment  (Continued) 


Self-perception 

Fair  or 

(n=595) 

(n=l,116) 

(n=272) 

(n=137) 

of  Health 

Poor 

7.7% 

11.9% 

19.9% 

15.3% 

0.001 

Appearance  of 

(n=595) 

(n=l,116) 

(n=272) 

(n=137) 

Illness  or  Distress 

Yes 

0.5% 

1.3% 

2.9% 

2.2% 

0.030 

Relative  Age 

(n=595) 

(n=l,116) 

(n=272) 

(n=137) 

Appearance 

Older 

3.9% 

6.5% 

23.2% 

25.6% 

0.001 

Body  Fat 

(n=595) 

(n=l,116) 

(n=272) 

(n=137) 

(continuous)3 

r=- 

-0.187 

<0.001 

(discrete) 

Obese 

27.1% 

33.6% 

21.3% 

19.0% 

0.001 

Erythrocyte 

(n=595) 

(n=l,116) 

(n=272) 

(n=137) 

Sedimentation  Rate 

0.330 

(continuous)5 

r=0.021 

(discrete) 

Abnormal 

4.7% 

7.9% 

9.9% 

12.4% 

0.003 

Ink 

IS  !  :  :  !  I  lil 

Lifetime  < 

•  1 1 '  ;j 1  I  1 

5  ’  Level 

1 !  I  •  -o’  1 1  .  ifffl 

:  :  :  ■ 

i  ^  m  i  i 

1111 12  111 

Self-perception 

Fair  or 

(n=595) 

(n=558) 

(n=965) 

of  Health 

Poor 

7.7% 

10.8% 

15.2% 

0.001 

Appearance  of 

(n=595) 

(n=558) 

(n=965) 

Illness  or  Distress 

Yes 

0.5% 

1.1% 

2.1% 

0.027 

Relative  Age 

(n=595) 

(n=558) 

(n=965) 

Appearance 

Older 

3.9% 

7.7% 

13.2% 

0.001 

Body  Fat 

(n=595) 

(n=558) 

(n=965) 

(continuous)3 

r=-0.018 

0.399 

(discrete) 

Obese 

27.1% 

33.7% 

28.1% 

0.026 

Erythrocyte 

(n=595) 

(n=558) 

(n=965) 

Sedimentation  Rate 

<0.001 

(continuous)5 

r=0A55 

(discrete) 

Abnormal 

4.7% 

7.2% 

9.5% 

0.002 
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Table  F-1.  Dependent  Variable-Covariate  Associations  for  the  General  Health 
Assessment  (Continued) 


Self-perception 
of  Health 


Fair  or  (n= 1,699)  (n=371) 

Poor  11.7%  13.5% 


(n=50) 

10.0%  0.580 


Appearance  of 

Illness  or  Distress  Yes 


(n=  1,699)  (n=371) 

1.7%  0.3% 


(n=50) 

0.0%  0.082 


Relative  Age 

(n=l,699) 

(n=371) 

(n=50) 

Appearance 

Older 

8.7% 

11.6% 

6.0% 

0.161 

Body  Fat 

(n=  1,699) 

(n=371) 

(n=50) 

(continuous)3 

r=-0.094 

<0.001 

(discrete) 

Obese 

30.9% 

22.6% 

22.0% 

0.003 

Erythrocyte 

(n=  1,699) 

(n=371) 

(n=50) 

Sedimentation  Rate 

0.217 

(continuous)5 

r=-0.027 

(discrete) 

Abnormal 

7.5% 

8.4% 

4.0% 

0.532 

Dependent 

Variable 

Hi  mmt 

0 

lilt  I  III 

>40 

p-Value 

Self-perception 

Fair  or 

(n=118) 

(n=  1,379) 

(n=616) 

of  Health 

Poor 

15.3% 

11.2% 

13.3% 

0.214 

Appearance  of 

(n=118) 

(n=l,379) 

(n=616) 

Illness  or  Distress 

Yes 

0.9% 

1.1% 

2.1% 

0.170 

Relative  Age 

(n=118) 

(n=l,379) 

(n=616) 

Appearance 

Older 

7.6% 

8.4% 

11.2% 

0.114 

Body  Fat 

(n=118) 

(n=l,379) 

(n=616) 

(continuous)3 

r=-0.050 

0.022 

(discrete) 

Obese 

25.4% 

29.5% 

29.4% 

0.642 

Erythrocyte 

(n=118) 

(n=l,379) 

(n=616) 

Sedimentation  Rate 

0.019 

(continuous)5 

r=0.051 

(discrete) 

Abnormal 

6.8% 

6.7% 

9.4% 

0.107 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
b  Analysis  performed  on  natural  logarithm  scale  of  sedimentation  rate  +  0.1;  means  transformed  from  natural 
logarithm  scale  of  sedimentation  rate  +  0.1. 

— :  Covariate  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 


tfSifei 

"  g- v  - 

•  '  ■;  , 

• 

1 

Dependent  Variable 

..  - 

Level 

Bom  21942 

Black 

B,aCK 

Non-Black 

p-Valtie 

Any  Skin  Neoplasm 

Yes 

(n=855) 

31.5% 

(n=  1,1 18) 
41.0% 

<0.001 

.. 

Malignant  Skin  Neoplasm 

Yes 

(n=855) 

10.9% 

(n=l  ,1 1 8) 
21.3% 

<0.001 

.. 

— - 

Benign  Skin  Neoplasm 

Yes 

(n=927) 

22.6% 

(n=l,173) 

23.9% 

0.509 

_ 

.... 

Skin  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 

Yes 

(n=855) 

0.7% 

(n=  1,1 18) 
0.8% 

0.999 

_ 

_ 

_ 

Any  Basal  Cell  Carcinoma 

Yes 

(n=855) 

8.8% 

(n=l,l  18) 
18.0% 

<0.001 

.. 

_ 

_ 

Basal  Cell  Carcinoma  on  Ear, 
Face,  Head,  or  Neck 

Yes 

(n=855) 

5.5% 

(n=l,118) 

14.9% 

<0.001 

_ 

_ 

_ 

Basal  Cell  Carcinoma  on  Trunk 

Yes 

(n=855) 

2.9% 

(n=l,l  18) 
5.6% 

0.007 

„ 

_ 

_ 

Basal  Cell  Carcinoma  on  Upper 
Extremities 

Yes 

(n=855) 

2.0% 

(n=l,118) 

3.8% 

0.031 

_ 

_ 

Basal  Cell  Carcinoma  on  Lower 
Extremities 

Yes 

(n=855) 

0.4% 

(n=l,l  18) 
0.6% 

0.594 

.. 

„ 

Squamous  Cell  Carcinoma 

Yes 

(n=855) 

0.9% 

(n=l,l  18) 
3.0% 

0.002 

_ 

_ 

Nonmelanoma 

Yes 

(n=855) 

9.7% 

(n=l,l  18) 
20.3% 

<0.001 

.. 

.. 

Melanoma 

Yes 

(n=855) 

1.2% 

(n=  1,118) 
1.7% 

0.435 

_ 

_ 

_ 

Any  Systemic  Neoplasm 

Yes 

(n=927) 

21.8% 

(n=  1,170) 
37.2% 

<0.001 

(n=127) 

24.4% 

(n=  1,970) 
30.8% 

0.159 

Malignant  Systemic  Neoplasm 

Yes 

(n=931) 

2.4% 

(n=l,179) 

10.2% 

<0.001 

(n=127) 

6.3% 

(n=  1,983) 
6.8% 

0.986 

Benign  Systemic  Neoplasm 

Yes 

(n=927) 

19.2% 

(n=l,170) 

28.9% 

<0.001 

(n=127) 

18.9% 

(n=  1,970) 
25.0% 

0.151 

Systemic  Neoplasm  of 

Uncertain  Behavior  or 

Yes 

(n=931) 

1.4% 

(n=  1,179) 
2.4% 

0.145 

(n=127) 

1.6% 

(n=  1,983) 
2.0% 

0.999 

Unspecified  Nature 

Malignant  Systemic  Neoplasm 
on  Eye,  Ear,  Face,  Head,  or 

Yes 

(n=931) 

0.4% 

(n=l,179) 

1.4% 

0.035 

(n=127) 

0.8% 

(n=  1,983) 
1.0% 

0.999 

Neck 

Malignant  Systemic  Neoplasm 
of  Oral  Cavity,  Pharynx,  or 

Yes 

(n=931) 

0.1% 

(n=  1,179) 
0.9% 

0.041 

(n=127) 

0.8% 

(n=l,983) 

0.5% 

0.999 

Larynx 

Malignant  Systemic  Neoplasm 
of  Thymus,  Heart,  or 

Yes 

(n=931) 

0.2% 

(n=l,179) 

0.0% 

0.379 

(n=127) 

0.0% 

(n=  1,983) 
0.1% 

0.999 

Mediastinum 

Malignant  Systemic  Neoplasm 
of  Thyroid  Gland 

Yes 

(n=931) 

0.0% 

(n=l,179) 

0.3% 

0.202 

(n=127) 

0.0% 

(n=l,983) 

0.2% 

0.999 

Malignant  Systemic  Neoplasm 
of  Bronchus  or  Lung 

Yes 

(n=931) 

0.2% 

(n=  1,179) 
0.9% 

0.070 

(n=127) 

0.0% 

(n=l,983) 

0.7% 

0.741 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


S.  **y  -jL  't-;  ./p  "f& 

|  Age  : 

:  ; 

Race 

Dependent  Variable 

Level 

ESKE 

;  If  ft  1J| 

p- Value 

Blak 

Neo-Black 

p-Valiie 

Malignant  Systemic  Neoplasm 
of  Liver 

Yes 

(n=931) 

0.2% 

(n=  1 , 1 79> 
0.2% 

0.999 

(n=127) 

0.0% 

(n=  1,983) 
0.2% 

0.999 

Malignant  Systemic  Neoplasm 
of  Colon  or  Rectum 

Yes 

(n=931) 

0.6% 

(n=  1,179) 
0.8% 

0.951 

(n=127) 

0.0% 

(n=  1,983) 
0.8% 

0.661 

Malignant  Systemic  Neoplasm 
of  Kidney  or  Bladder 

Yes 

(n=931) 

0.2% 

(n=  1,179) 
1.3% 

0.014 

(n=127) 

0.8% 

(n=  1,983) 
0.8% 

0.999 

Malignant  Systemic  Neoplasm 
of  Prostate 

Yes 

(n=931) 

0.2% 

(n=  1,179) 
5.3% 

<0.001 

(n=127) 

4.7% 

(n=  1,983) 
3.0% 

0.400 

Malignant  Systemic  Neoplasm 
of  Testicles 

Yes 

(n=931) 

0.0% 

(n=l,179) 

0.3% 

0.338 

(n=127) 

0.0% 

(n=  1,983) 
0.2% 

0.999 

Malignant  Systemic  Neoplasm 
of  Connective  or  Other  Soft 

Yes 

(n=931) 

0.2% 

(n=l,179) 

0.1% 

0.837 

(n=127) 

0.0% 

(n=  1,983) 
0.2% 

0.999 

Tissue 

Hodgkin’s  Disease 

Yes 

(n=931) 

0.2% 

(n=l,179) 

0.2% 

0.999 

(n=127) 

0.0% 

(n=  1,983) 
0.2% 

0.999 

Non-Hodgkin’s  Lymphoma 

Yes 

(n=931) 

0.1% 

(n=l,179) 

0.3% 

0.789 

(n=127) 

0.0% 

(n=  1,983) 
0.2% 

0.999 

Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  or 

Yes 

(n=931) 

0.1% 

(n=  1,179) 
0.4% 

0.345 

(n=127) 

0.0% 

(n=  1,983) 
0.3% 

0.999 

Histiocytic  Tissue 

All  Malignant  Skin  and 

Systemic  Neoplasms 

Yes 

(n=925) 

11.9% 

(n=l,164) 

26.6% 

<0.001 

(n=126) 

6.4% 

(n=  1,963) 
21.0% 

<0.001 

All  Skin  and  Systemic 
Neoplasms 

Yes 

(n=922) 

43.9% 

(n=l,156) 

59.5% 

<0.001 

(n=l26) 

37.3% 

(n=  1,952) 
53.6% 

<0.001 

Prostate-Specific  Antigen 

(continuous)8 

(n=927)  (n= 1,092) 

r=0.258 

<0.001 

(n=121) 

x  =  1.16 

(n=  1,898) 

x  =  1.11 

0.535 

(discrete) 

Abnormal 

2.3% 

9.7% 

<0.001 

6.6% 

6.3% 

0.999 

r  %  iiw  iff  1 1 1  ppl  f  14  ifMftwl  ##  § 

1 1 1  111  11  1 1  DependeiB  Variable  f§  j| 

iSiiSr'-ij&J;.  £• 

itMi 

— 

«  — 

:  :  ;-OoOTP« 

anistoi 
Flyer .  1 

-- 

p-Value 

Any  Skin  Neoplasm 

(n=809) 

(n=313) 

(n=851) 

Yes 

41.2% 

33.9% 

33.8% 

0.004 

Malignant  Skin  Neoplasm 

(n=809) 

(n=313) 

(n=851) 

Yes 

21.3% 

16.3% 

12.7% 

<0.001 

Benign  Skin  Neoplasm 

(n=823) 

(n=335) 

(n=942) 

Yes 

24.7% 

19.7% 

23.4% 

0.193 

Skin  Neoplasm  of  Uncertain  Behavior  or 

(n=809) 

(n=313) 

(n=851) 

Unspecified  Nature 

Yes 

0.4% 

0.3% 

1.3% 

0.060 

Any  Basal  Cell  Carcinoma 

(n=809) 

(n=313) 

(n=851) 

Yes 

18.2% 

14.4% 

9.9% 

<0.001 

Basal  Cell  Carcinoma  on  Ear,  Face,  Head,  or  Neck 

(n=809) 

(n=313) 

(n=851) 

Yes 

13.5% 

12.5% 

7.6% 

<0.001 

Basal  Cell  Carcinoma  on  Trunk 

(n=809) 

(n=313) 

(n=851) 

Yes 

7.2% 

2.9% 

2.4% 

<0.001 

Basal  Cell  Carcinoma  on  Upper  Extremities 

(n=809) 

(n=313) 

(n=851) 

Yes 

5.1% 

1.0% 

1.8% 

<0.001 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


AepiWentVariiiWe 

Level 

— 

Officer 

Occupation  ; 

Enlisted  £idi$ted 

Flyer  ;  Groundcrew 

p- Value 

Basal  Cell  Carcinoma  on  Lower  Extremities 

Yes 

(n=809) 

0.9% 

(n=313) 

0.0% 

(n=851) 

0.4% 

0.132 

Squamous  Cell  Carcinoma 

Yes 

(n=809) 

3.3% 

(n=3 13) 
1.6% 

(n=851) 

1.2% 

Nonmelanoma 

Yes 

(n=809) 

20.0% 

(n=313) 

16.0% 

(n=851) 

11.5%. 

Melanoma 

Yes 

(n=809) 

2.0% 

(n=313) 

0.3% 

(n=851) 

1.4% 

0.115 

Any  Systemic  Neoplasm 

Yes 

(n=821) 

33.9% 

(n=334) 

31.1% 

(n=942) 

27.1% 

Malignant  Systemic  Neoplasm 

Yes 

(n=829) 

8.6% 

(n=336) 

8.6% 

(n=945) 

4.4% 

Benign  Systemic  Neoplasm 

Yes 

(n=821) 

25.8% 

(n=334) 

26.1% 

(n=942) 

23.0% 

0.320 

Systemic  Neoplasm  of  Uncertain  Behavior  or 
Unspecified  Nature 

Yes 

(n=829) 

2.9% 

(n=336) 

0.9% 

(n=945) 

1.5% 

0.031 

Malignant  Systemic  Neoplasm  on  Eye,  Ear,  Face, 
Head,  or  Neck 

Yes 

(n=829) 

1.2% 

(n=336) 

1.2% 

(n=945) 

0.7% 

0.570 

Malignant  Systemic  Neoplasm  of  Oral  Cavity, 
Pharynx,  or  Larynx 

Yes 

(n=829) 

0.5% 

(n=336) 

0.9% 

(n=945) 

0.4% 

0.579 

Malignant  Systemic  Neoplasm  of  Thymus,  Heart,  or 
Mediastinum 

Yes 

(n=829) 

0.1% 

(n=336) 

0.0% 

(n=945) 

0.1% 

0.823 

Malignant  Systemic  Neoplasm  of  Thyroid  Gland 

Yes 

(n=829) 

0.4% 

(n=336) 

0.0% 

(n=945) 

0.1% 

0.318 

Malignant  Systemic  Neoplasm  of  Bronchus  or  Lung 

Yes 

(n=829) 

0.8% 

(n=336) 

1.2% 

(n=945) 

0.2% 

Malignant  Systemic  Neoplasm  of  Liver 

Yes 

(n=829) 

0.1% 

(n=336) 

0.3% 

(n=945) 

0.2% 

Malignant  Systemic  Neoplasm  of  Colon  or  Rectum 

Yes 

(n=829) 

0.6% 

(n=336) 

1.2% 

(n=945) 

0.6% 

0.520 

Malignant  Systemic  Neoplasm  of  Kidney  or  Bladder 

Yes 

(n=829) 

1.2% 

(n=336) 

0.9% 

(n=945) 

0.4% 

Malignant  Systemic  Neoplasm  of  Prostate 

Yes 

(n=829) 

4.6% 

(n=336) 

3.3% 

(n=945) 

1.7% 

Malignant  Systemic  Neoplasm  of  Testicles 

Yes 

(n=829) 

0.1% 

(n=336) 

0.3% 

(n=945) 

0.1% 

Malignant  Systemic  Neoplasm  of  Connective  or 

Other  Soft  Tissue 

Yes 

(n=829) 

0.0% 

(n=336) 

0.3% 

(n=945) 

0.2% 

0.355 

Hodgkin’s  Disease 

Yes 

(n=829) 

0.4% 

(n=336) 

0.0% 

(n=945) 

0.1% 

0.318 

Non-Hodgkin’s  Lymphoma 

Yes 

(n=829) 

0.2% 

(n=336) 

0.0% 

(n=945) 

0.2% 

0.677 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid 
or  Histiocytic  Tissue 

Yes 

(n=829) 

0.4% 

(n=336) 

0.3% 

(n=945) 

0.2% 

0.838 

All  Malignant  Skin  and  Systemic  Neoplasms 

Yes 

(n=817) 

25.8% 

(n=333) 

21.0% 

(n=939) 

14.8% 

All  Skin  and  Systemic  Neoplasms 

Yes 

(n=8 11) 
57.7% 

(n=331) 

53.2% 

(n=936) 

48.0% 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Any  Skin  Neoplasm 

Malignant  Skin  Neoplasm 

Benign  Skin  Neoplasm 

Skin  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 
Any  Basal  Cell  Carcinoma 

Basal  Cell  Carcinoma  on  Ear, 

Face,  Head,  or  Neck 

Basal  Cell  Carcinoma  on  Trunk 

Basal  Cell  Carcinoma  on  Upper 
Extremities 

Basal  Cell  Carcinoma  on  Lower 
Extremities 

Squamous  Cell  Carcinoma 

Nonmelanoma 

Melanoma 

Any  Systemic  Neoplasm 
Malignant  Systemic  Neoplasm 


(n=456) 

28.7% 

(n=456) 

12.1% 

(n=575) 

19.8% 

(n=456) 

0.7% 

(n=456) 

10.5% 

(n=456) 

7.7% 

(n=456) 

3.3% 

(n=456) 

2.4% 

(n=456) 

0.9% 

(n=456) 

0.9% 

(n=456) 

11.2% 

(n=456) 

1.1% 


(n=l,517) 
39.3% 
(n=l,517) 
18.2% 
(n= 1,525) 
24.6% 
(n=l,517) 
0.8% 
(n=l,517) 
15.0% 
(n=l,517) 
11.7% 
(n=l,517) 
4.8% 
(n=l,517) 
3.2% 
(n=l,517) 
0.4% 
(n=l,517) 
2.5% 
(n=l,517) 
17.1% 
(n=l,517) 
1.6% 


<0.001 . 
0.003 
0.025: 
0.999 
0.019 
0.018 
0.231 
0.503 
0.371 
0.054 
0.003 
0.594 


(n=  1,345) 
35.5% 
(n=  1,345) 
15.5% 
(n=  1,466) 
23.3  % 
(n=  1,345) 
0.7% 
(n=  1,345) 
12.7% 
(n=  1,345) 
9.4% 
(n=  1,345) 
4.0% 
(n=  1,345) 
2.7% 
(n=  1,345) 
0.5% 
(n=  1,345) 
1.9% 

(n=  1,345) 
14.4% 
(n= 1,345) 
1.4% 


(n=626) 

39.6% 

(n=626) 

19.7% 

(n=632) 

23.1% 

(n=626) 

0.8% 

(n=626) 

16.8% 

(n=626) 

13.7% 

(n=626) 

5.3% 

(n=626) 

3.7% 

(n=626) 

0.6% 

(n=626) 

2.6% 

(n=626) 

18.7% 

(n=626) 

1.6% 


0.090 

0.025 

0.955 

0.999 

0.019 

0.005 

0.251 

0.286 

0.825 

0.469 

0.016 

0.907 


Benign  Systemic  Neoplasm 

Systemic  Neoplasm  of 
Uncertain  Behavior  or 
Unspecified  Nature 
Malignant  Systemic  Neoplasm 
on  Eye,  Ear,  Face,  Head,  or 
Neck 
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Table  F-2.  Dependent  Variabf e-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Malignant  Systemic  Neoplasm 
of  Oral  Cavity,  Pharynx,  or 
Larynx 

Malignant  Systemic  Neoplasm 
of  Thymus,  Heart,  and 
Mediastinum 

Malignant  Systemic  Neoplasm 
of  Thyroid  Gland 
Malignant  Systemic  Neoplasm 
of  Bronchus  or  Lung 
Malignant  Systemic  Neoplasm 
of  Liver 

Malignant  Systemic  Neoplasm 
of  Colon  or  Rectum 
Malignant  Systemic  Neoplasm 
of  Kidney  or  Bladder 
Malignant  Systemic  Neoplasm 
of  Prostate 

Malignant  Systemic  Neoplasm 
of  Testicles 

Malignant  Systemic  Neoplasm 
of  Connective  or  Other  Soft 
Tissue 

Hodgkin’s  Disease 
Non-Hodgkin’s  Lymphoma 


Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  or 
Histiocytic  Tissue 

All  Malignant  Skin  and  (n=572)  (n=l,517)  (n= 1,460)  (n=627) 

Systemic  Neoplasms  Yes  13.6%  22.5%  <0.001  18.2%  24.7%  <0.001 

All  Skin  and  Systemic  (n=569)  (n=l,509)  (n=  1,453)  (n=623) 

Neoplasms  Yes  44.1%  55.8%  <0.001  51.3%  55.5%  0.088 

Prostate-Specific  Antigen 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
( Continued ) 


Dependent  Variable 

iV- 

Eye  Color 

IMkW 

Brown 

Hazel,  Green  t 

3ray,  Blue 

p-Value 

Any  Skin  Neoplasm 

(n=604) 

(n=523) 

(n=846) 

Yes 

32.5% 

39.2% 

38.5% 

0.026 

Malignant  Skin  Neoplasm 

(n=604) 

(n=523) 

(n=846) 

Yes 

13.4% 

17.4% 

18.8% 

0.023 

Benign  Skin  Neoplasm 

(n=727) 

(n=527) 

(n=846) 

Yes 

21.2% 

25.2% 

23.9% 

0.213 

Skin  Neoplasm  of  Uncertain 

(n=604) 

(n=523) 

(n=846) 

Behavior  or  Unspecified  Nature 

Yes 

1.0% 

1.3% 

0.2% 

0.054 

Any  Basal  Cell  Carcinoma 

(n=604) 

(n=523) 

(n=846) 

Yes 

10.9% 

15.3% 

15.4% 

0.034 

Basal  Cell  Carcinoma  on  Ear, 

(n=604) 

(n=523) 

(n=846) 

Face,  Head,  or  Neck 

Yes 

8.6% 

11.1% 

12.2% 

0.095 

Basal  Cell  Carcinoma  on  Trunk 

(n=604) 

(n=523) 

(n=846) 

Yes 

3.2% 

5.9% 

4.4% 

0.076 

Basal  Cell  Carcinoma  on  Upper 

(n=604) 

(n=523) 

(n=846) 

Extremities 

Yes 

1.2% 

4.2% 

3.6% 

0.005 

Basal  Cell  Carcinoma  on  Lower 

(n=604) 

(n=523) 

(n=846) 

Extremities 

Yes 

0.3% 

0.6% 

0.6% 

0.765 

Squamous  Cell  Carcinoma 

(n=604) 

(n=523) 

(n=846) 

Yes 

1.5% 

1.9% 

2.7% 

0.257 

Nonmelanoma 

(n=604) 

(n=523) 

(n=846) 

Yes 

12.6% 

16.8% 

17.3% 

0.039 

Melanoma 

(n=604) 

(n=523) 

(n=846) 

Yes 

1.0% 

1.0% 

2.1% 

0.109 

Any  Systemic  Neoplasm 

Malignant  Systemic  Neoplasm 

Benign  Systemic  Neoplasm 

Systemic  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 
Malignant  Systemic  Neoplasm  on 
Eye,  Ear,  Face,  Head,  or  Neck 
Malignant  Systemic  Neoplasm  of 
Oral  Cavity,  Pharynx,  or  Larynx 
Malignant  Systemic  Neoplasm  of 
Thymus,  Heart,  and  Mediastinum 
Malignant  Systemic  Neoplasm  of 
Thyroid  Gland 

Malignant  Systemic  Neoplasm  of 
Bronchus  or  Lung 
Malignant  Systemic  Neoplasm  of 
Liver 

Malignant  Systemic  Neoplasm  of 
Colon  or  Rectum 
Malignant  Systemic  Neoplasm  of 
Kidney  or  Bladder 


F-10 


Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Eye  Color 

. 

:  • 

ft 

Dependent  Variable 

Level 

Brown 

Hazel,  Green  Gray,  Blue 

p- Value 

Malignant  Systemic  Neoplasm  of 
Prostate 

Malignant  Systemic  Neoplasm  of 
Testicles 

.. 

_ 

Malignant  Systemic  Neoplasm  of 
Connective  or  Other  Soft  Tissue 

.. 

_ 

_ 

Hodgkin’s  Disease 

Non-Hodgkin’s  Lymphoma 

Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  or 

.. 

_ 

Histiocytic  Tissue 

All  Malignant  Skin  and  Systemic 

(n=724) 

(n=525) 

(n=840) 

Neoplasms 

Yes 

14.4% 

23.2% 

23.1% 

<0.001 

All  Skin  and  Systemic 

(n=722) 

(n=520) 

(n=836) 

Neoplasms 

Yes 

45.4% 

57.7% 

55.6% 

<0.001 

Prostate-Specific  Antigen 

_ 

_ 

BilHi 

fcgawUaaOTfc  liMum iiw 

mm  mm 

lllll 

wmm 

3ec*  -udm- 

i  afiSK  L  U 

Any  Skin  Neoplasm 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

30.8% 

37.6% 

43.5% 

48.1% 

<0.001 

Malignant  Skin  Neoplasm 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

9.8% 

18.5% 

23.6% 

26.9% 

<0.001 

Benign  Skin  Neoplasm 

(n=819) 

(n=809) 

(n=311) 

(n=160) 

Yes 

22.2% 

22.7% 

25.1% 

28.1% 

0.346 

Skin  Neoplasm  of  Uncertain 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Behavior  or  Unspecified  Nature 

Yes 

0.7% 

0.9% 

0.7% 

0.6% 

0.967 

Any  Basal  Cell  Carcinoma 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

8.1% 

15.0% 

20.9% 

22.5% 

<0.001 

Basal  Cell  Carcinoma  on  Ear, 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Face,  Head,  or  Neck 

Yes 

6.2% 

11.3% 

16.3% 

18.8% 

<0.001 

Basal  Cell  Carcinoma  on  Trunk 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

2.5% 

4.8% 

6.3% 

7.5% 

0.006 

Basal  Cell  Carcinoma  on  Upper 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Extremities 

Yes 

1.3% 

3.4% 

4.3% 

6.3% 

<0.001 

Basal  Cell  Carcinoma  on  Lower 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Extremities 

Yes 

0.0% 

1.0% 

0.3% 

0.6% 

0.051 

Squamous  Cell  Carcinoma 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

1.3% 

1.9% 

3.3% 

5.0% 

0.011 

Nonmelanoma 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

9.1% 

17.0% 

22.9% 

25.6% 

<0.001 

Melanoma 

(n=715) 

(n=796) 

(n=301) 

(n=160) 

Yes 

0.8% 

2.0% 

1.0% 

2.5% 

0.158 

Any  Systemic  Neoplasm 

F-l  1 


Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


W  vS.3® 

Skin  Reaction  to  Sou  after  First  Exposure 

Dependent  Variable 

Level 

No  Reaction 

Some  Redness  Only 

Burns 

PainfullyBurns 

p?  Value 

Malignant  Systemic  Neoplasm 

Benign  Systemic  Neoplasm 

Systemic  Neoplasm  of 

Uncertain  Behavior  or 

Unspecified  Nature 

Malignant  Systemic  Neoplasm 
on  Eye,  Ear,  Face,  Head,  or 
Neck 

-- 

- 

- 

- 

-- 

Malignant  Systemic  Neoplasm 
of  Oral  Cavity,  Pharynx,  or 

_ 

_ 

_ 

— 

Larynx 

Malignant  Systemic  Neoplasm 
of  Thymus,  Heart,  and 
Mediastinum 

-- 

- 

- 

-- 

-- 

Malignant  Systemic  Neoplasm 
of  Thyroid  Gland 

__ 

— 

_ 

_ 

— 

Malignant  Systemic  Neoplasm 
of  Bronchus  or  Lung 

Malignant  Systemic  Neoplasm 

- 

-- 

-- 

-- 

- 

of  Liver 

- 

- 

- 

- 

— 

Malignant  Systemic  Neoplasm 
of  Colon  or  Rectum 

_ 

„ 

_ 

_ 

Malignant  Systemic  Neoplasm 
of  Kidney  or  Bladder 

_ 

_ 

_ 

— 

-- 

Malignant  Systemic  Neoplasm 
of  Prostate 

_ 

_ 

_ 

_ 

_ 

Malignant  Systemic  Neoplasm 
of  Testicles 

_ 

_ 

_ 

_ 

_ 

Malignant  Systemic  Neoplasm 
of  Connective  or  Other  Soft 

_ 

_ 

— 

— 

Tissue 

Hodgkin’s  Disease 

Non-Hodgkin’s  Lymphoma 

Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  or 

.. 

_ 

_ 

__ 

Histiocytic  Tissue 

All  Malignant  Skin  and 

(n=813) 

(n=806) 

(n=3 10) 

(n=159) 

Systemic  Neoplasms 

Yes 

13.3% 

22.2% 

26.8% 

31.5% 

<0.001 

All  Skin  and  Systemic 

(n=806) 

(n=804) 

(n=308) 

(n=159) 

Neoplasms 

Yes 

47.5% 

53.9% 

59.1% 

59.8% 

<0.001 

Prostate-Specific  Antigen 

-- 

-- 

-- 

— 

— 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Skin  Reaction  to  Sun  after  Repeated  Exposure 


Dependent  Variable 

Level 

Deep  Tan 

Moderate  Tan 

Mild  Tan 

Freckles 

p-Value ; 

Any  Skin  Neoplasm 

Yes 

(n=553) 

31.1% 

(n=980) 

36.7% 

(n=368) 

43.2% 

(n=7 1 ) 
50.7% 

<0.001 

Malignant  Skin  Neoplasm 

Yes 

(n=553) 

9.2% 

(n=980) 

16.1% 

(n=368) 

26.4% 

(n=71) 

35.2% 

<0.001 

Benign  Skin  Neoplasm 

Yes 

(n=620) 

23.4% 

(n=l,01 1) 
24.0% 

(n=383) 

21.2% 

(n=85) 

23.5% 

0.728 

Skin  Neoplasm  of  Uncertain  Behavior  or 

(n=553) 

(n=980) 

(n=368) 

(n=71) 

Unspecified  Nature 

Yes 

1.1% 

0.5% 

0.5% 

2.8% 

0.122 

Any  Basal  Cell  Carcinoma 

Yes 

(n=553) 

7.6% 

(n=980) 

13.2% 

(n=368) 

22.8% 

(n=71) 

29.6% 

<0.001 

Basal  Cell  Carcinoma  on  Ear,  Face,  Head,  or 
Neck 

Yes 

(n=553) 

6.5% 

(n=980) 

10.2% 

(n=368) 

15.8% 

(n=71) 

26.8% 

<0.001 

Basal  Cell  Carcinoma  on  Trunk 

Yes 

(n=553) 

1.6% 

(n=980) 

4.5% 

(n=368) 

7.1% 

(n=71) 

11.3% 

<0.001 

Basal  Cell  Carcinoma  on  Upper  Extremities 

Yes 

(n=553) 

0.9% 

(n=980) 

3.2% 

(n=368) 

5.2% 

(n=71) 

5.6% 

<0.001 

Basal  Cell  Carcinoma  on  Lower  Extremities 

Yes 

(n=553) 

0.5% 

(n=980) 

0.3% 

(n=368) 

0.8% 

(n=71) 

1.4% 

0.452 

Squamous  Cell  Carcinoma 

Yes 

(n=553) 

0.9% 

(n=980) 

2.1% 

(n=368) 

2.7% 

(n=71) 

8.5% 

<0.001 

Nonmelanoma 

Yes 

(n=553) 

8.7% 

(n=980) 

14.8% 

(n=368) 

25.3% 

(n=71) 

33.8% 

<0.001 

Melanoma 

Yes 

(n=553) 

0.9% 

(n=980) 

1.7% 

(n=368) 

1.4% 

(n=71) 

2.8% 

0.455 

Any  Systemic  Neoplasm 

Malignant  Systemic  Neoplasm 

Benign  Systemic  Neoplasm 

Systemic  Neoplasm  of  Uncertain  Behavior  or 

Unspecified  Nature 

- 

- 

— 

-- 

— 

Malignant  Systemic  Neoplasm  on  Eye,  Ear, 
Face,  Head,  or  Neck 

_ 

_ 

__ 

— 

— 

Malignant  Systemic  Neoplasm  of  Oral 

Cavity,  Pharynx,  or  Larynx 

_ 

_ 

— 

— 

Malignant  Systemic  Neoplasm  of  Thymus, 
Heart,  or  Mediastinum 

-- 

-- 

-- 

- 

-- 

Malignant  Systemic  Neoplasm  of  Thyroid 

Gland 

- 

- 

— 

— 

— 

Malignant  Systemic  Neoplasm  of  Bronchus 
or  Lung 

__ 

_ 

— 

— 

— 

Malignant  Systemic  Neoplasm  of  Liver 

Malignant  Systemic  Neoplasm  of  Colon  or 

Rectum 

- 

— 

— 

— 

— 

Malignant  Systemic  Neoplasm  of  Kidney  or 
Bladder 

.. 

_ 

_ 

— 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Skin  Reaction  to  Sun  after  Repeated  Exposure 


Dependent  Variable 

Level  Deep  Tan 

Moderate  Tan 

Mild  Tan 

Freckles 

p-Value 

Malignant  Systemic  Neoplasm  of  Prostate 

Malignant  Systemic  Neoplasm  of  Testicles 

Malignant  Systemic  Neoplasm  of  Connective 
or  Other  Soft  Tissue 

Hodgkin’s  Disease 

Non-Hodgkin’s  Lymphoma 

Other  Malignant  Systemic  Neoplasms  of 
Lymphoid  or  Histiocytic  Tissue 

_ 

.. 

All  Malignant  Skin  and  Systemic  Neoplasms 

(n=617) 

(n=  1,005) 

(n=382) 

(n=84) 

Yes  13.9% 

19.7% 

28.8% 

31.0% 

<0.001 

All  Skin  and  Systemic  Neoplasms 

(n=613) 

(n=999) 

(n=381) 

(n=84) 

Yes  48.6% 

52.5% 

58.5% 

57.1% 

0.019 

Prostate-Specific  Antigen 

— 

- 

- 

- 

- 

tiipfitpp 

U  el 

Gm, 

WBEEBB& 

p-Value 

Any  Skin  Neoplasm 

(n=  1,304) 

(n=471) 

(n=197) 

Yes 

33.4% 

41.4% 

48.7% 

<0.001 

Malignant  Skin  Neoplasm 

(n=  1,304) 

(n=47l) 

(n=197) 

Yes 

13.0% 

22.5% 

27.9% 

<0.001 

Benign  Skin  Neoplasm 

(n=  1,394) 

(n=494) 

(n=211) 

Yes 

22.9% 

22.7% 

27.5% 

0.314 

Skin  Neoplasm  of  Uncertain  Behavior  or  Unspecified 

(n=  1,304) 

(n=471) 

(n=197) 

Nature 

Yes 

0.8% 

0.6% 

1.0% 

0.876 

Any  Basal  Cell  Carcinoma 

(n= 1,304) 

(n=471) 

(n=197) 

Yes 

10.5% 

19.8% 

23.4% 

<0.001 

Basal  Cell  Carcinoma  on  Ear,  Face,  Head,  or  Neck 

(n= 1,304) 

(n=471) 

(n=197) 

Yes 

8.5% 

13.6% 

19.3% 

<0.001 

Basal  Cell  Carcinoma  on  Trunk 

(n=  1,304) 

(n=471) 

(n=197) 

Yes 

3.2% 

5.7% 

9.1% 

<0.001 

Basal  Cell  Carcinoma  on  Upper  Extremities 

(n= 1,304) 

(n=471) 

(n=197) 

Yes 

2.0% 

4.5% 

6.1% 

<0.001 

Basal  Cell  Carcinoma  on  Lower  Extremities 

(n= 1,304) 

(n=471) 

(n=197) 

Yes 

0.4% 

0.6% 

1.0% 

0.458 

Squamous  Cell  Carcinoma 

(n=l,304) 

(n=471) 

(n=197) 

Yes 

1.5% 

2.3% 

5.6% 

<0.001 

Nonmelanoma 

(n=l,304) 

(n=471) 

(n=197) 

Yes 

11.9% 

21.9% 

26.4% 

<0.001 

Melanoma 

(n=l,304) 

(n=471) 

(n=197) 

Yes 

1.5% 

0.9% 

3.1% 

0.099 

Any  Systemic  Neoplasm 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Dependent  Variable 

Level 

Composite  Skin-Reaction  Index 

Low  Medium  High  p*VaIoe 

Malignant  Systemic  Neoplasm 

Benign  Systemic  Neoplasm 

- 

- 

- 

- 

Systemic  Neoplasm  of  Uncertain  Behavior  or 

Unspecified  Nature 

— 

— 

— 

— 

Malignant  Systemic  Neoplasm  on  Eye,  Ear,  Face,  Head, 
or  Neck 

Malignant  Systemic  Neoplasm  of  Oral  Cavity,  Pharynx, 
or  Larynx 

Malignant  Systemic  Neoplasm  of  Thymus,  Heart,  or 
Mediastinum 

Malignant  Systemic  Neoplasm  of  Thyroid  Gland 

Malignant  Systemic  Neoplasm  of  Bronchus  or  Lung 

- 

- 

- 

- 

Malignant  Systemic  Neoplasm  of  Liver 

Malignant  Systemic  Neoplasm  of  Colon  or  Rectum 

Malignant  Systemic  Neoplasm  of  Kidney  or  Bladder 

Malignant  Systemic  Neoplasm  of  Prostate 

Malignant  Systemic  Neoplasm  of  Testicles 

Malignant  Systemic  Neoplasm  of  Connective  or  Other 

Soft  Tissue 

— 

— 

— 

— 

Hodgkin’s  Disease 

Non-Hodgkin’s  Lymphoma 

- 

- 

- 

- 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid  or 

Histiocytic  Tissue 

-- 

- 

— 

- 

All  Malignant  Skin  and  Systemic  Neoplasms 

Yes 

(n=l,386) 

16.7% 

(n=493) 

25.6% 

(n=209) 

29.7% 

<0.001 

All  Skin  and  Systemic  Neoplasms 

Yes 

(n=l,378) 

50.0% 

(n=490) 

56.9% 

(n=209) 

59.8% 

0.003 

Prostate-Specific  Antigen 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Average  Lifetime  Residential 

Dependent  Variable 

Level 

& - 

<37° 

*37° 

p-Value 

mam 

I  f? 

wsmm 

Any  Skin  Neoplasm 

Yes 

(n=993) 

39.5% 

(n=980) 

34.2% 

0.017 

(n=  1,484) 
34.9% 

(n=489) 

42.7% 

0.002 

Malignant  Skin  Neoplasm 

Yes 

(n=993) 

20.3% 

(n=980) 

13.2% 

<0.001 

(11=1,484) 

15.7% 

(n=489) 

20.0% 

0.031 

Benign  Skin  Neoplasm 

Yes 

(n= 1,073)  (n= 1,027) 
22.7%  23.9% 

0.580 

(n= 1,572) 
22.5% 

(n=528) 

25.8% 

0.135 

Skin  Neoplasm  of  Uncertain 

Behavior  or  Unspecified  Nature 

Yes 

(n=993) 

0.6% 

(n=980) 

0.9% 

0.586 

(n= 1,484) 
0.7% 

(n=489) 

1.0% 

0.639 

Any  Basal  Cell  Carcinoma 

Yes 

(n=993) 

17.9% 

(n=980) 

10.0% 

<0.001 

(n= 1,484) 
13.1% 

(n=489) 

16.6% 

0.069 

Basal  Cell  Carcinoma  on  Ear,  Face, 
Head,  or  Neck 

Yes 

(n=993) 

14.1% 

(n=980) 

7.5% 

<0.001 

(n= 1,484) 
10.0% 

(n=489) 

13.3% 

0.049 

Basal  Cell  Carcinoma  on  Trunk 

Yes 

(n=993) 

5.9% 

(n=980) 

2.9% 

<0.001 

(n=  1,484) 
4.3% 

(n=489) 

4.7% 

0.812 

Basal  Cell  Carcinoma  on  Upper 
Extremities 

Yes 

(n=993) 

3.8% 

(n=980) 

2.1% 

0.039 

(n= 1,484) 
3.2% 

(n=489) 

2.5% 

0.516 

Basal  Cell  Carcinoma  on  Lower 
Extremities 

Yes 

(n=993) 

0.5% 

(n=980) 

0.5% 

0.999 

(n= 1,484) 
0.6% 

(n=489) 

0.2% 

0.472 

Squamous  Cell  Carcinoma 

Yes 

(n=993) 

3.0% 

(n=980) 

1.2% 

0.009 

(n= 1,484) 
2.0% 

(n=489) 

2.7% 

0.450 

Nonmelanoma 

Yes 

(n=993) 

19.9% 

(n=980) 

11.4% 

<0.001 

(n= 1,484) 
14.9% 

(n=489) 

18.2% 

0.095 

Melanoma 

Yes 

(n=993) 

0.7% 

(n=980) 

2.2% 

0.008 

(n= 1,484) 
1.3% 

(n=489) 

2.0% 

0.316 

Any  Systemic  Neoplasm 

Yes 

(n=l,565) 

29.8% 

(n=532) 

32.0% 

0.389 

Malignant  Systemic  Neoplasm 

Yes 

(n=  1,573) 
5.8% 

(n=537) 

9.5% 

0.004 

Benign  Systemic  Neoplasm 

Yes 

(n= 1,565) 
24.6% 

(n=532) 

24.6% 

0.999 

Systemic  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 

Yes 

_ 

.. 

(n=l,573) 

1.9% 

(n=537) 

2.1% 

0.981 

Malignant  Systemic  Neoplasm  on 

Eye,  Ear,  Face,  Head,  or  Neck 

Yes 

.. 

(n=l,573) 

0.9% 

(n=537) 

1.3% 

0.561 

Malignant  Systemic  Neoplasm  of 

Oral  Cavity,  Pharynx,  or  Larynx 

Yes 

.. 

_ 

_ 

(n=  1,573) 
0.3% 

(n=537) 

1.1% 

0.061 

Malignant  Systemic  Neoplasm  of 
Thymus,  Heart,  or  Mediastinum 

Yes 

.. 

.. 

(n=  1,573) 
0.1% 

(n=537) 

0.2% 

0.999 

Malignant  Systemic  Neoplasm  of 
Thyroid  Gland 

Yes 

.. 

_ 

(n=  1,573) 
0.3% 

(n=537) 

0.0% 

0.552 

Malignant  Systemic  Neoplasm  of 
Bronchus  or  Lung 

Yes 

_ 

_ 

__ 

(n=  1,573) 
0.5% 

(n=537) 

0.9% 

0.447 

Malignant  Systemic  Neoplasm  of 
Liver 

Yes 

_ 

_ 

(n=  1,573) 
0.1% 

(n=537) 

0.4% 

0.580 

Malignant  Systemic  Neoplasm  of 
Colon  or  Rectum 

Yes 

.. 

_ 

_ 

(n=l,573) 

0.6% 

(n=537) 

1.1% 

0.317 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


'.  '4:  A  V 

Average  Lifetime  Residential 

•  :  ; 

Ids'll 

. 

History 

i:  1 

Ionizing  Radiation  Exposure 

Dependent  Variable 

Level 

<37° 

237- 

p-Vaiue 

No 

Yes 

p^Value 

Malignant  Systemic  Neoplasm  of 

(n=l,573) 

(n=537) 

Kidney  or  Bladder 

Yes 

— 

- 

- 

0.6% 

1.5% 

0.076 

Malignant  Systemic  Neoplasm  of 

(n=l,573) 

(n=537) 

Prostate 

Yes 

— 

— 

- 

2.6% 

4.5% 

0.044 

Malignant  Systemic  Neoplasm  of 

(n=l,573) 

(n=537) 

Testicles 

Yes 

— 

- 

0.2% 

0.0% 

0.727 

Malignant  Systemic  Neoplasm  of 

(n=  1,573) 

(n=537) 

Connective  or  Other  Soft  Tissue 

Yes 

— 

~ 

- 

0.1% 

0.4% 

0.329 

Hodgkin’s  Disease 

(n=l,573) 

(n=537) 

Yes 

— 

— 

- 

0.2% 

0.2% 

0.999 

Non-Hodgkin’s  Lymphoma 

(n=l,573) 

(n=537) 

Yes 

— 

— 

- 

0.2% 

0.2% 

0.999 

Other  Malignant  Systemic 

(n=l,573) 

(n=537) 

Neoplasms  of  Lymphoid  or 
Histiocytic  Tissue 

Yes 

— 

— 

— 

0.3% 

0.4% 

0.999 

All  Malignant  Skin  and  Systemic 

(n=  1,067)  (n= 1,022) 

(n= 1,562) 

(n=527) 

Neoplasms 

Yes 

23.0% 

17.1% 

<0.001 

18.6% 

24.5% 

0.005 

All  Skin  and  Systemic  Neoplasms 

(n=l,061)  (n=l,017) 

(n=  1,556) 

(n=522) 

Yes 

54.3% 

50.8% 

0.126 

51.0  % 

57.3% 

0.015 

Prostate-Specific  Antigen 

(n=l,518) 

(n=501) 

(continuous)11 

x  =  1.10 

x=  1.17 

0.112 

(discrete) 

Abnormal 

— 

— 

— 

6.0% 

7.2% 

0.398 

Dependent  Variable 

leve. 

Chemicals  £ 

Exposure 

Herbi, 

SfolKjk'-i 

■  No 

p-Valoe 

No 

Hill 

^Value 

Any  Skin  Neoplasm 

(n=759) 

(n=l,214) 

Yes 

36.6% 

37.0% 

0.910 

- 

-- 

- 

Malignant  Skin  Neoplasm 

(n=759) 

(n=l,214) 

Yes 

17.1% 

16.6% 

0.788 

- 

- 

- 

Benign  Skin  Neoplasm 

(n=796) 

(n=  1,304) 

Yes 

23.6% 

23.1% 

0.819 

- 

- 

-- 

Skin  Neoplasm  of  Uncertain 

(n=759) 

(n=l,214) 

Behavior  or  Unspecified  Nature 

Yes 

0.4% 

1.0% 

0.226 

-- 

-- 

- 

Any  Basal  Cell  Carcinoma 

(n=759) 

(n=l,214) 

Yes 

14.6% 

13.6% 

0.564 

- 

- 

- 

Basal  Cell  Carcinoma  on  Ear,  Face, 

(n=759) 

(n=l,214) 

Head,  or  Neck 

Yes 

10.9% 

10.7% 

0.933 

- 

-- 

- 

Basal  Cell  Carcinoma  on  Trunk 

(n=759) 

(n=l,214) 

Yes 

5.1% 

4.0% 

0.257 

- 

- 

-- 

Basal  Cell  Carcinoma  on  Upper 

(n=759) 

(n=l,214) 

Extremities 

Yes 

3.4% 

2.7% 

0.446 

- 

-- 

- 

Basal  Cell  Carcinoma  on  Lower 

(n=759) 

(n=l,214) 

Extremities 

Yes 

0.5% 

0.5% 

0.999 

- 

- 

- 
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Table  F-2.  Dependent  Variable-Covarfate  Associations  for  the  Neopiasia  Assessment 
(Continued) 


Industrial  Chemicals  Exposure 

Hei 

rbicide  Expo 

sure 

Dependent  Variable 

Bill 

::  f 

No 

Yes 

p- Value 

-No::  : 

Yes 

p-Value 

Squamous  Cell  Carcinoma 

Yes 

(n=759) 

2.6% 

(n=l,214) 

1.8% 

0.284 

Nonmelanoma 

Yes 

(n=759) 

16.5% 

(n=l,214) 

15.2% 

0.505 

Melanoma 

Yes 

(n=759) 

1.2% 

(n=l,214) 

1.7% 

0.524 

Any  Systemic  Neoplasm 

Yes 

J 

(n=762) 

26.4% 

(n=  1,335) 
32.7% 

0.003 

Malignant  Systemic  Neoplasm 

Yes 

(n=765) 

4.6% 

(n=  1,345) 
8.0% 

0.004 

Benign  Systemic  Neoplasm 

Yes 

(n=762) 

22.1% 

(n=l,335) 

26.1% 

0.045 

Systemic  Neoplasm  of  Uncertain 
Behavior  or  Unspecified  Nature 

Yes 

(n=765) 

1.4% 

(n=  1,345) 
2.2% 

0.270 

Malignant  Systemic  Neoplasm  on 
Eye,  Ear,  Face,  Head,  or  Neck 

Yes 

(n=765) 

0.8% 

(n=  1,345) 
1.1% 

0.611 

Malignant  Systemic  Neoplasm  of 
Oral  Cavity,  Pharynx,  or  Larynx 

Yes 

_ 

_ 

„ 

(n=765) 

0.3% 

(n=  1,345) 
0.7% 

0.349 

Malignant  Systemic  Neoplasm  of 
Thymus,  Heart,  or  Mediastinum 

Yes 

.. 

_ 

_ 

(n=765) 

0.0% 

(n=  1,345) 
0.2% 

0.740 

Malignant  Systemic  Neoplasm  of 
Thyroid  Gland 

Yes 

_ 

_ 

(n=765) 

0.3% 

(n=  1,345) 
0.2% 

0.959 

Malignant  Systemic  Neoplasm  of 
Bronchus  or  Lung 

Yes 

_ 

.. 

(n=765) 

0.1% 

(n=  1,345) 
0.9% 

0.063 

Malignant  Systemic  Neoplasm  of 
Liver 

Yes 

(n=765) 

0.0% 

(n=  1,345) 
0.3% 

0.323 

Malignant  Systemic  Neoplasm  of 
Colon  or  Rectum 

Yes 

.. 

(n=765) 

0.7% 

(n=  1,345) 
0.7% 

0.999 

Malignant  Systemic  Neoplasm  of 
Kidney  or  Bladder 

Yes 

_ 

_ 

_ 

(n=765) 

0.4% 

(n=  1,345) 
1.0% 

0.177 

Malignant  Systemic  Neoplasm  of 
Prostate 

Yes 

(n=765) 

2.0% 

(n=  1,345) 
3.7% 

0.035 

Malignant  Systemic  Neoplasm  of 
Testicles 

Yes 

(n=765) 

0.0% 

(n=  1,345) 
0.2% 

0.480 

Malignant  Systemic  Neoplasm  of 
Connective  or  Other  Soft  Tissue 

Yes 

(n=765) 

0.1% 

(n=  1,345) 
0.2% 

0.999 

Hodgkin’s  Disease 

Yes 

(n=765) 

0.1% 

(n=  1,345) 
0.2% 

0.999 

Non-Hodgkin’s  Lymphoma 

Yes 

(n=765) 

0.1% 

(n=  1,345) 
0.2% 

0.999 

Other  Malignant  Systemic 
Neoplasms  of  Lymphoid  or 

Yes 

„ 

_ 

— 

(n=765) 

0.3% 

(n=  1,345) 
0.3% 

0.999 

Histiocytic  Tissue 

All  Malignant  Skin  and  Systemic 
Neoplasms 

Yes 

(n=794) 

21.0% 

(n=  1,295) 
19.5% 

0.440 

(n=762) 

15.8% 

(n=l,327) 

22.6% 

<0.001 

All  Skin  and  Systemic  Neoplasms 

Yes 

(n=789) 

54.3% 

(n=l,289) 

51.6% 

0.258 

(n=759) 

45.9% 

(n=l,319) 

56.5% 

<0.001 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Herbicide  Exposure 

Dependent  Variable 

Level  No  Yes  p-Value 

;  No  ; 

Ves 

p- Value 

Prostate-Specific  Antigen 

(n=739) 

(n=  1,280) 

(continuous)3 

(discrete) 

Abnormal 

x  =  1.12 
5.8% 

x  =  1.11 
6.6% 

0.808 

0.570 

-  •  j  i  ►  *  £  $  ^  l  j  {  r  ^  \  £  f  *  '■  v  ‘ 

Dependent  Variable 

®  J  :>  )V 

If'luvel 

Lifed** 

0 

>0-10 

>1W 

p- Value 

Any  Skin  Neoplasm 

Malignant  Skin  Neoplasm 

Benign  Skin  Neoplasm 

Skin  Neoplasm  of  Uncertain  Behavior  or  Unspecified 
Nature 

Any  Basal  Cell  Carcinoma 

- 

“ 

- 

- 

Basal  Cell  Carcinoma  on  Ear,  Face,  Head,  or  Neck 

Basal  Cell  Carcinoma  on  Trunk 

Basal  Cell  Carcinoma  on  Upper  Extremities 

Basal  Cell  Carcinoma  on  Lower  Extremities 

Squamous  Cell  Carcinoma 

Nonmelanoma 

Melanoma 

Any  Systemic  Neoplasm 

(n=589) 

(n=553) 

(n=952) 

Yes 

29.4% 

28.8% 

31.9% 

0.357 

Malignant  Systemic  Neoplasm 

(n=592) 

(n=556) 

(n=959) 

Yes 

5.4% 

4.1% 

9.1% 

<0.001 

Benign  Systemic  Neoplasm 

(n=589) 

(n=553) 

(n=952) 

Yes 

25.0% 

25.1% 

24.1% 

0.870 

Systemic  Neoplasm  of  Uncertain  Behavior  or 

(n=592) 

(n=556) 

(n=959) 

Unspecified  Nature 

Yes 

1.4% 

1.6% 

2.5% 

0.227 

Malignant  Systemic  Neoplasm  on  Eye,  Ear,  Face, 

(n=592) 

(n=556) 

(n=959) 

Head,  or  Neck 

Yes 

1.0% 

0.4% 

1.4% 

0.170 

Malignant  Systemic  Neoplasm  of  Oral  Cavity, 

(n=592) 

(n=556) 

(n=959) 

Pharynx,  or  Larynx 

Yes 

0.3% 

0.2% 

0.8% 

0.179 

Malignant  Systemic  Neoplasm  of  Thymus,  Heart,  and 

(n=592) 

(n=556) 

(n=959) 

Mediastinum 

Yes 

0.0% 

0.0% 

0.2% 

0.302 

Malignant  Systemic  Neoplasm  of  Thyroid  Gland 

(n=592) 

(n=556) 

(n=959) 

Yes 

0.5% 

0.0% 

0.1% 

0.102 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
( Continued ) 


Any  Skin  Neoplasm 

Malignant  Skin  Neoplasm 

Benign  Skin  Neoplasm 

Skin  Neoplasm  of  Uncertain  Behavior  or 

Unspecified  Nature 

Any  Basal  Cell  Carcinoma 

Basal  Cell  Carcinoma  on  Ear,  Face,  Head,  or 
Neck 

Basal  Cell  Carcinoma  on  Trunk 


Basal  Cell  Carcinoma  on  Upper  Extremities 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Lifetime  Alcohol  History  (drink-years) 

Dependent  Variable 

Level 

0  >0-40  >40  p*  Value 

Basal  Cell  Carcinoma  on  Lower  Extremities 


Squamous  Cell  Carcinoma 

Nonmelanoma 

Melanoma 

Any  Systemic  Neoplasm 

(n=115) 

(n=  1,368) 

(n=607) 

Yes 

34.8% 

30.4% 

29.5% 

0.527 

Malignant  Systemic  Neoplasm 

Yes 

(n=118) 

6.8% 

(n=  1,374) 
6.3% 

(n=610) 

7.7% 

0.494 

Benign  Systemic  Neoplasm 

Yes 

(n=115) 

30.4% 

(n=l,368) 

24.6% 

(n=607) 

23.6% 

0.292 

Systemic  Neoplasm  of  Uncertain  Behavior  or 
Unspecified  Nature 

Yes 

(n=118) 

0.0% 

(n=  1,374) 
1.9% 

(n=610) 

2.5% 

0.202 

Malignant  Systemic  Neoplasm  on  Eye,  Ear, 

Face,  Head,  or  Neck 

Yes 

(n=118) 

0.0% 

(n=  1,374) 
1.0% 

(n=610) 

1.3% 

0.400 

Malignant  Systemic  Neoplasm  of  Oral  Cavity, 
Pharynx,  or  Larynx 

Yes 

(n=l  18) 
0.0% 

(n=  1,374) 
0.4% 

(n=610) 

0.8% 

0.397 

Malignant  Systemic  Neoplasm  of  Thymus, 

Heart,  or  Mediastinum 

Yes 

(n=l 18) 
0.0% 

(n=  1,374) 
0.2% 

(n=610) 

0.0% 

0.588 

Malignant  Systemic  Neoplasm  of  Thyroid 

Gland 

Yes 

(n=l  18) 
0.0% 

(n=  1,374) 
0.2% 

(n=610) 

0.2% 

0.859 

Malignant  Systemic  Neoplasm  of  Bronchus  or 
Lung 

Yes 

(n=118) 

0.0% 

(n=  1,374) 
0.7% 

(n=610) 

0.5% 

0.560 

Malignant  Systemic  Neoplasm  of  Liver 

Yes 

(n=118) 

0.0% 

(n=  1,374) 
0.2% 

(n=610) 

0.2% 

0.859 

Malignant  Systemic  Neoplasm  of  Colon  or 
Rectum 

Yes 

(n=l  1 8) 
0.9% 

(n=  1,374) 
0.7% 

(n=610) 

0.8% 

0.908 

Malignant  Systemic  Neoplasm  of  Kidney  or 
Bladder 

Yes 

(n=l 18) 
3.4% 

(n=  1,374) 
0.2% 

(n=610) 

1.6% 

<0.001 

Malignant  Systemic  Neoplasm  of  Prostate 

Yes 

(n=l  18) 
1.7% 

(n=  1,374) 
3.0% 

(n=610) 

3.4% 

0.585 

Malignant  Systemic  Neoplasm  of  Testicles 

Yes 

(n=l  18) 
0.0% 

(n=  1,374) 
0.2% 

(n=610) 

0.0% 

0.451 

Malignant  Systemic  Neoplasm  of  Connective 
or  Other  Soft  Tissue 

Yes 

(n=l 18) 
0.9% 

(n=  1,374) 
0.2% 

(n=610) 

0.0% 

0.083 

Hodgkin’s  Disease 

Yes 

(n=l  18) 
0.0% 

(n=  1,374) 
0.2% 

(n=610) 

0.2% 

0.859 

Non-Hodgkin’s  Lymphoma 

Yes 

(n=118) 

0.0% 

(n=l,374) 

0.2% 

(n=610) 

0.3% 

0.613 

Other  Malignant  Systemic  Neoplasms  of 
Lymphoid  or  Histiocytic  Tissue 

Yes 

(n=l  18) 
0.0% 

(n=l,374) 

0.3% 

(n=610) 

0.3% 

0.828 

All  Malignant  Skin  and  Systemic  Neoplasms 

Yes 

(n=115) 

19.1% 

(n= 1,364) 
19.7% 

(n=602) 

21.3% 

0.688 

All  Skin  and  Systemic  Neoplasms 

Yes 

(n=113) 

54.0% 

(n=l,358) 

52.7% 

(n=600) 

52.3% 

0.949 
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Table  F-2.  Dependent  Variable-Covariate  Associations  for  the  Neoplasia  Assessment 
(Continued) 


Dependent  Variable 

*•  '  jj:  J $y%  it*  X  $  Si 

Level 

Lifetime  Alcohol  History  (drink-years); 

0  >0-40  >40  p-Value 

Prostate-Specific  Antigen 

(n=l  12) 

(n=  1 ,3 1 7) 

(n=583) 

(continuous)8 

r=-0.01 1 

0.616 

(discrete) 

Abnormal 

7.1% 

6.5% 

5.8% 

0.818 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
— :  Covariate  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 


l  f  1; Mdti  t’  ;  ’4,Jf ii 

Dependent  Variable 

lliitllii! 
.  ;;  :  -  -  ■  r  ■■ 
X  'H 

Level 

III!  |t  | 

1 1  pll; 

n  ::  \  - 

:  1  " 

Race 

Born 

>1942 

f  | 

<1942 

p-Value 

•  '  ••••  ' 

Blade 

#■■■■«?  WWWrV 

■.  v  ■■ 

Inflammatory  Diseases 

(n=926) 

(n= 1,182) 

(n=128) 

(n=l,980) 

Yes 

0.4% 

0.3% 

0.999 

0.0% 

0.4% 

0.999 

Hereditary  and 

(n=929) 

(n=l,186) 

(n=128) 

(n=l,987) 

Degenerative  Diseases 

Yes 

7.0% 

10.4% 

0.009 

7.0% 

9.0% 

0.547 

Peripheral  Disorders 

(n=928) 

(n=l,182) 

(n=128) 

(n=  1,982) 

Yes 

14.9% 

24.6% 

<0.001 

17.2% 

20.5% 

0.424 

Other  Neurological 

(n=925) 

(n=l,181) 

(n=127) 

(n= 1,979) 

Disorders 

Yes 

13.4% 

22.0% 

<0.001  ; 

33.1% 

17.3% 

<0.001 

Smell 

(n=926) 

(n=  1,183) 

(n=128) 

(n=  1,981) 

Abnormal 

1.6% 

2.0% 

0.597 

3.1% 

1.8% 

0.443 

Visual  Fields 

(n=928) 

(n=l,183) 

(n=127) 

(n=  1,984) 

Abnormal 

0.2% 

0.4% 

0.660 

1.6% 

0.3% 

0.086 

Light  Reaction 

(n=926) 

(n=l,182) 

(n=128) 

(n=  1,980) 

Abnormal 

0.4% 

0.8% 

0.497 

2.3% 

0.5% 

0.046 

Ocular  Movement 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

Abnormal 

1.2% 

1.7% 

0.440 

0.8% 

1.5% 

0.775 

Facial  Sensation 

(n=929) 

(n=l,184) 

(n=128) 

(n=  1,985) 

Abnormal 

0.0% 

0.3% 

0.204 

0.0% 

0.2% 

0.999 

Jaw  Clench 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

Deviated 

0.0% 

0.2% 

0.590 

0.0% 

0.1% 

0.999 

Smile 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

Abnormal 

0.4% 

0.6% 

0.840 

1.6% 

0.5% 

0.290 

Palpebral  Fissure 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

Abnormal 

0.5% 

1.2% 

0.186 

2.3% 

0.8% 

0.192 

Balance 

(n=929) 

(n=l,185) 

(n=127) 

(n=l,987) 

Abnormal 

0.7% 

0.7% 

0.999 

0.8% 

0.7% 

0.999 

Speech 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

Abnormal 

0.5% 

0.8% 

0.726 

0.8% 

0.7% 

0.999 

Tongue  Position  Relative 

(n=929) 

(n=l,186) 

(n=128) 

(n=  1,987) 

to  Midline 

Deviated 

0.0% 

0.2% 

0.590 

0.0% 

0.1% 

0.999 

Palate  and  Uvula 

(n=929) 

(n=l,186) 

(n=128) 

(n=l,987) 

Movement 

Deviated 

0.0% 

0.1% 

0.999 

0.0% 

0.1% 

0.999 

Cranial  Nerve  Index 

(n=917) 

(n=l,178) 

(n=128) 

(n=  1,967) 

Abnormal 

4.4% 

7.5% 

0.004 

10.2% 

5.9% 

0.075 

Neck  Range  of  Motion 

(n=929) 

(n=  1,186) 

(n=128) 

(n=  1,987) 

Abnormal 

9.9% 

22.0% 

<0.001 

10.9% 

17.1% 

0.093 

Pinprick 

(n=910) 

(n= 1,097) 

(n=124) 

(n=  1,883) 

Abnormal 

4.5% 

7.6% 

0.006 

4.0% 

6.3% 

0.405 

Light  Touch 

(n=910) 

(n= 1,097) 

(n=124) 

(n=  1,883) 

Abnormal 

3.0% 

5.1% 

0.022 

4.0% 

4.1% 

0.999 

Muscle  Status 

(n=928) 

(n=l,186) 

(n=128) 

(n=  1,986) 

Abnormal 

2.7% 

4.3% 

0.064 

3.1% 

3.6% 

0.960 

Patellar  Reflex 

(n=928) 

(n=l,183) 

(n=128) 

(n=  1,983) 

Abnormal 

1.3% 

4.0% 

<0.001 

6.3% 

2.6% 

0.030 

Achilles  Reflex 

(n=925) 

(n=l,184) 

(n=128) 

(n=  1,981) 

Abnormal 

9.3% 

22.8% 

<0.001 

20.3% 

16.7% 

0.343 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


nei 

H 

m 

nsKiBl 

■i § I  m 

Dependent  Variable 

Level 

Born 

21942 

Born  | 

<1942  p- Value  | 

Black 

Non-Black 

p- Value 

Biceps  Reflex 

Abnormal 

(n=928) 

1.0% 

(n=l ,  1 86) 
1.3% 

0.668 

(n= 128) 
0.8% 

(n=  1,986) 
1.2% 

0.999 

Babinski  Reflex 

Abnormal 

(n=929) 

0.7% 

(n=l,  1 83) 
1.3% 

0.227 

(n=127) 

0.8% 

(n=l,985) 

1.0% 

0.999 

Polyneuropathy  Severity 
Index 

None/Mild 

(n=907) 

99.2% 

(n= 1,096) 
97.1% 

0.002 

(n=123) 

97.6% 

(n=  1,880) 
98.1% 

0.005 

Polyneuropathy 

Prevalence  Index 

Moderate 

Severe 

Abnormal 

0.7% 

0.1% 

(n=907) 

8.8% 

2.6% 

0.4% 

(n=l,097) 

20.9% 

<0.001 

0.8% 

1.6% 

(n=124) 

18.6% 

1.8% 

0.2% 

(n=  1,880) 
15.2% 

0.385 

Multiple  Polyneuropathy 
Index 

Abnormal 

(n=907) 

1.8% 

(n= 1,097) 
5.7% 

<0.001 

(n=124) 

4.0% 

(n=  1,880) 
3.9% 

0.999 

Confirmed 

Polyneuropathy  Indicator 

Abnormal 

(n=905) 

0.2% 

(n= 1,082) 
1.5% 

0.007 

(n=121) 

0.8% 

(n=l,866) 

0.9% 

0.999 

Tremor 

Abnormal 

(n=929) 

6.0% 

(n=l,186) 

8.0% 

0.095 

(n=128) 

6.3% 

(n=  1,987) 
7.2% 

0.821 

Coordination 

Abnormal 

(n=928) 

1.8% 

(n=l,185) 

2.8% 

0.198 

(n=127) 

3.2% 

(n=  1,986) 
2.3% 

0.766 

Romberg  Sign 

Abnormal 

(n=929) 

0.7% 

(n=l,185) 

0.7% 

0.999 

(n=127) 

0.8% 

(n=  1,987) 
0.7% 

0.999 

Gait 

Abnormal 

(n=929) 

2.8% 

(n=l,186) 

6.8% 

<0.001 

(n=128) 

4.7% 

(n=  1,987) 
5.1% 

0.999 

Central  Nervous  System 
Index 

Abnormal 

(n=928) 

8.7% 

(n=l,186) 

14.7% 

<0.001 

(n=128) 

10.9% 

(n=  1,986) 
12.1% 

0.792 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Oceupatio 

n 

Dependent  Variable 

Si-  %>  '3  5;  vK 

Level 

Officer 

Enlisted  Flyer  En 

listed  Groundc 

rew  p*Valtie 

Inflammatory  Diseases 

Yes 

(n=830) 

0.2% 

(n=336) 

0.6% 

(n=942) 

0.4% 

0.642 

Hereditary  and  Degenerative 
Diseases 

Yes 

(n=833) 

8.0% 

(n=338) 

11.2% 

(n=944) 

8.8% 

0.217 

Peripheral  Disorders 

(n=831) 

(n=336) 

(n=943) 

Yes 

20.3% 

23.8% 

19.1% 

0.182 

Other  Neurological  Disorders 

Yes 

(n=830) 

8.1% 

(n=337) 

27.0% 

(n=939) 

24.1% 

<0.001 

Smell 

Abnormal 

(n=829) 

1.8% 

(n=338) 

2.1% 

(n=942) 

1.8% 

0.947 

Visual  Fields 

Abnormal 

(n=832) 

0.1% 

(n=337) 

0.9% 

(n=942) 

0.3% 

0.116 

Light  Reaction 

Abnormal 

(n=829) 

0.4% 

(n=338) 

1.5% 

(n=941) 

0.5% 

0.078 

Ocular  Movement 

Abnormal 

(n=833) 

0.8% 

(n=338) 

1.5% 

(n=944) 

2.0% 

0.122 

Facial  Sensation 

Abnormal 

(n=832) 

0.2% 

(n=338) 

0.3% 

(n=943) 

0.1% 

0.717 

Jaw  Clench 

Deviated 

(n=833) 

0.2% 

(n=338) 

0.0% 

(n=944) 

0.0% 

0.214 

Smile 

Abnormal 

(n=833) 

0.4% 

(n=338) 

0.3% 

(n=944) 

0.7% 

0.442 

Palpebral  Fissure 

Abnormal 

(n=833) 

0.8% 

(n=338) 

0.6% 

(n=944) 

1.1% 

0.718 

Balance 

Abnormal 

(n=833) 

0.8% 

(n=337) 

0.3% 

(n=944) 

0.6% 

0.578 

Speech 

Abnormal 

(n=833) 

0.4% 

(n=338) 

0.3% 

(n=944) 

1.1% 

0.128 

Tongue  Position  Relative  to 
Midline 

Deviated 

(n=833) 

0.2% 

(n=338) 

0.0% 

(n=944) 

0.0% 

0.214 

Palate  and  Uvula  Movement 

Deviated 

(n=833) 

0.1% 

(n=338) 

0.0% 

(n=944) 

0.0% 

0.463 

Cranial  Nerve  Index 

Abnormal 

/ — s 

&  h 

N>  OO 

(n=337) 

6.8% 

(n=937) 

6.6% 

0.405 

Neck  Range  of  Motion 

Abnormal 

(n=833) 

18.1% 

(n=338) 

20.7% 

(n=944) 

14.0% 

0.006 

Pinprick 

Abnormal 

(n=791) 

5.3% 

(n=327) 

10.1% 

(n=889) 

5.5% 

0.006 

Light  Touch 

Abnormal 

(n=791) 

3.5% 

(n=327) 

6.7% 

S  * 

OO 

'w' 

0.036 

Muscle  Status 

Abnormal 

(n=833) 

3.7% 

(n=338) 

5.0% 

(n=943) 

3.0% 

0.211 

Patellar  Reflex 

Abnormal 

(n=833) 

3.4% 

(n=337) 

2.4% 

(n=941) 

2.4% 

0.443 

Achilles  Reflex 

Abnormal 

(n=831) 

17.9% 

(n=337) 

19.9% 

(n=941) 

14.9% 

0.064 

Biceps  Reflex 

Abnormal 

(n=833) 

1.3% 

(n=338) 

1.2% 

(n=943) 

1.0% 

0.765 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Dependent  Variable 

Occupa 

Hon 

■:  :  Level 

Officer 

Enlisted  Flyer 

Enlisted  Ground* 

crew  p- Value 

Babinski  Reflex 

(n=832) 

(n=336) 

(n=944) 

Abnormal 

0.6% 

1.2% 

1.3% 

0.337 

Polyneuropathy  Severity 

(n=790) 

(n=326) 

(n=887) 

Index 

None/Mild 

98.0% 

97.2% 

98.4% 

0.378 

Moderate 

1.7% 

2.8% 

1.4% 

Severe 

0.4% 

0.0% 

0.2% 

Polyneuropathy  Prevalence 

(n=790) 

(n=327) 

(n=887) 

Index 

Abnormal 

16.5% 

20.8% 

12.5% 

<0.001 

Multiple  Polyneuropathy 

(n=790) 

(n=327) 

(n=887) 

Index 

Abnormal 

4.2% 

6.7% 

2.7% 

0.006 

Confirmed  Polyneuropathy 

(n=786) 

(n=322) 

(n=879) 

Indicator 

Abnormal 

1.0% 

1.2% 

0.7% 

0.605 

Tremor 

(n=833) 

(n=338) 

(n=944) 

Abnormal 

6.1% 

8.9% 

7.4% 

0.229 

Coordination 

(n=833) 

(n=337) 

(n=943) 

Abnormal 

2.2% 

1.5% 

2.9% 

0.317 

Romberg  Sign 

(n=833) 

(n=337) 

(n=944) 

Abnormal 

0.8% 

0.3% 

0.6% 

0.578 

Gait 

(n=833) 

(n=338) 

(n=944) 

Abnormal 

5.4% 

6.5% 

4.2% 

0.222 

Central  Nervous  System 

(n=833) 

(n=338) 

(n=943) 

Index 

Abnormal 

11.0% 

15.4% 

11.8% 

0.110 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Dependent  Variable 

Lift 

•time  Alcohol  History 

'  (drink-years) 

1  \ 

Level 

0 

>0-10 

>to 

mm 

Inflammatory  Diseases 

Yes 

(n=l  16) 
0.0% 

(n=  1,371) 

0.4% 

(n=613) 

0.5% 

0.725 

Hereditary  and  Degenerative  Diseases 

Yes 

(n=118) 

5.9% 

(n=  1,374) 

8.4% 

(n=615) 

10.6% 

0.154 

Peripheral  Disorders 

Yes 

(n=118) 

24.6% 

(n=  1,371) 
19.4% 

(n=613) 

21.9% 

0.233 

Other  Neurological  Disorders 

Yes 

(n=117) 

18.8% 

(n=  1,368) 
17.9% 

(n=613) 

18.9% 

0.854 

Smell 

Abnormal 

(n=l  17) 
1.7% 

(n=  1,369) 

2.1% 

(n=615) 

1.3% 

0.514 

Visual  Fields 

Abnormal 

(n=118) 

0.0% 

(n=l,372) 

0.4% 

(n=613) 

0.2% 

0.502 

Light  Reaction 

Abnormal 

(n=l  18) 
0.9% 

(n=l,369) 

0.7% 

(n=613) 

0.5% 

0.861 

Ocular  Movement 

Abnormal 

(n=118) 

2.5% 

(n=l,374) 

1.5% 

(n=615) 

1.3% 

0.589 

Facial  Sensation 

Abnormal 

(n=118) 

0.0% 

(n=  1,372) 

0.1% 

(n=615) 

0.5% 

0.129 

Jaw  Clench 

Deviated 

(n=118) 

0.0% 

(n=l,374) 

0.1% 

(n=615) 

0.2% 

0.787 

Smile 

Abnormal 

(n=118) 

0.9% 

(n=  1,374) 

0.4% 

(n=615) 

0.8% 

0.386 

Palpebral  Fissure 

Abnormal 

(n=118) 

1.7% 

(n=l,374) 

0.6% 

(n=615) 

1.3% 

0.163 

Balance 

Abnormal 

(n=118) 

0.9% 

(n=l,373) 

0.5% 

(n=615) 

1.0% 

0.482 

Speech 

Abnormal 

(n=118) 

0.0% 

(n=l,374) 

0.6% 

(n=615) 

1.0% 

0.400 

Tongue  Position  Relative  to  Midline 

Deviated 

(n=118) 

0.0% 

(n=  1,374) 

0.1% 

(n=615) 

0.2% 

0.787 

Palate  and  Uvula  Movement 

Deviated 

(n=118) 

0.0% 

(n=l,374) 

0.0% 

(n=615) 

0.2% 

0.297 

Cranial  Nerve  Index 

Abnormal 

(n=116) 

7.8% 

(n=  1,356) 

5.5% 

(n=615) 

6.8% 

0.387 

Neck  Range  of  Motion 

Abnormal 

(n=l 18) 
15.3% 

(n=  1,374) 
15.8% 

(n=615) 

19.2% 

0.156 

Pinprick 

Abnormal 

(n=107) 

9.4% 

(n= 1,309) 

5.4% 

(n=583) 

7.2% 

0.122 

Light  Touch 

Abnormal 

(n=107) 

4.7% 

(n=  1,309) 

3.5% 

(n=583) 

5.3% 

0.180 

Muscle  Status 

Abnormal 

(n=118) 

5.1% 

(n=l,373) 

3.1% 

(n=615) 

4.4% 

0.257 

Patellar  Reflex 

Abnormal 

(n=118) 

5.1% 

(n=  1,370) 

2.6% 

(n=615) 

2.8% 

0.300 

Achilles  Reflex 

Abnormal 

(n=l 18) 
18.6% 

(n=  1,368) 
15.4% 

(n=615) 

20.2% 

0.027 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Lifetime  Alcohol  History  (drink-years); 


Dependent  Variable 

Level 

0 

>0-10 

>10 

p-Value 

Biceps  Reflex 

Abnormal 

(n=l  18) 
1.7% 

(n=  1,373) 
1.2% 

(n=615) 

0.8% 

0.635 

Babinski  Reflex 

Abnormal 

(n=l 18) 
2.5% 

(n=  1,371) 
0.9% 

(n=615) 

0.8% 

0.184 

Polyneuropathy  Severity  Index 

None/Mild 

(n=107) 

99.1% 

(n= 1,305) 
98.3% 

(n=583) 

97.3% 

0.088 

Polyneuropathy  Prevalence  Index 

Moderate 

Severe 

Abnormal 

0.0% 

0.9% 

(n=107) 

13.1% 

1.6% 

0.1% 

(n= 1,306) 
13.5% 

2.2% 

0.5% 

(n=583) 

20.2% 

<0.001 

Multiple  Polyneuropathy  Index 

Abnormal 

(n=107) 

3.7% 

(n=  1,306) 
3.2% 

(n=583) 

5.5% 

0.062 

Confirmed  Polyneuropathy  Indicator 

Abnormal 

(n=105) 

1.0% 

(n=  1,299) 
0.9% 

(n=575) 

1.0% 

0.917 

Tremor 

Abnormal 

(n=118) 

3.4% 

(n=l,374) 

7.0% 

(n=615) 

8.3% 

0.152 

Coordination 

Abnormal 

(n=l  18) 
0.9% 

(n=l,372) 

2.0% 

(n=615) 

3.4% 

0.095 

Romberg  Sign 

Abnormal 

(n=118) 

0.9% 

(n=l,373) 

0.5% 

(n=615) 

1.0% 

0.482 

Gait 

Abnormal 

(n=118) 

5.1% 

(n=  1,374) 
4.9% 

(n=615) 

5.5% 

0.829 

Central  Nervous  System  Index 

Abnormal 

(n=l  1 8) 
9.3% 

(n=l,373) 

11.4% 

(n=615) 

14.2% 

0.146 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Insecticide  Exposure  Industrial  Chemical  Exposure 


Dependent  Variable 

Leve, 

No 

Yes 

o- Value 
p-vaiuc 

■  No  : 

Yes 

p-Value 

Inflammatory  Diseases 

Yes 

(n=619) 

0.7% 

(n=  1,489) 
0.3% 

0.371 

(n=796) 

0.1% 

(n=l,312) 

0.5% 

0.266 

Hereditary  and  Degenerative 
Diseases 

Yes 

(n=621) 

7.1% 

(n=  1,494) 
9.6% 

0.073 

(n=799) 

7.0% 

(n=l  ,3 16) 
10.0% 

0.022 

Peripheral  Disorders 

Yes 

(n=621) 

16.9% 

(n=  1,489) 
21.8% 

0.014 

(n=798) 

20.2% 

(n=l,312) 

20.4% 

0.934 

Other  Neurological 

Disorders 

Yes 

(n=620) 

15.7% 

(n=  1,486) 
19.3% 

0.054 

(n=797) 

13.3% 

(n=  1,309) 
21.2% 

<0.001 

Smell 

Abnormal 

(n=621) 

1.5% 

(n=  1,488) 
2.0% 

0.482 

(n=798) 

1.9% 

(n=l,311) 

1.8% 

0.999 

Visual  Fields 

Abnormal 

(n=620) 

0.5% 

(n=  1,491) 
0.3% 

0.712 

(n=798) 

0.5% 

(n=l,313) 

0.2% 

0.505 

Light  Reaction 

Abnormal 

(n=621) 

1.1% 

(n=  1,487) 
0.4% 

0.103 

(n=797) 

0.8% 

(n=  1,311) 
0.5% 

0.737 

Ocular  Movement 

Abnormal 

(n=621) 

1.3% 

(n=  1,494) 
1.5% 

0.811 

(n=799) 

1.4% 

(n=l,316) 

1.5% 

0.937 

Facial  Sensation 

Abnormal 

(n=621) 

0.0% 

(n=  1,492) 
0.3% 

0.458 

(n=798) 

0.1% 

(n=l,315) 

0.2% 

0.991 

Jaw  Clench 

Deviated 

(n=621) 

0.0% 

(n= 1,494) 
0.1% 

0.892 

(n=799) 

0.1% 

(n=l,316) 

0.1% 

0.999 

Smile 

Abnormal 

(n=621) 

0.3% 

(n= 1,494) 
0.6% 

0.628 

(n=799) 

0.4% 

(n=l,316) 

0.6% 

0.683 

Palpebral  Fissure 

Abnormal 

(n=621) 

0.5% 

(n= 1,494) 
1.1% 

0.293 

(n=799) 

1.1% 

(n=l,316) 

0.8% 

0.530 

Balance 

Abnormal 

(n=620) 

0.5% 

(n=  1,494) 
0.7% 

0.721 

(n=798) 

0.5% 

(n=l,316) 

0.8% 

0.664 

Speech 

Abnormal 

(n=621) 

0.8% 

(n=  1,494) 
0.6% 

0.819 

(n=799) 

0.8% 

(n=l,316) 

0.6% 

0.907 

Tongue  Position  Relative  to 
Midline 

Deviated 

(n=621) 

0.0% 

(n=  1,494) 
0.1% 

0.892 

(n=799) 

0.1% 

(n=l,316) 

0.1% 

0.999 

Palate  and  Uvula  Movement 

Deviated 

(n=621) 

0.0% 

(n=  1,494) 
0.1% 

0.999 

(n=799) 

0.0% 

(n=l,316) 

0.1% 

0.999 

Cranial  Nerve  Index 

Abnormal 

(n=617) 

5.4% 

(n=  1,478) 
6.4% 

0.401 

(n=792) 

6.4% 

(n=  1,303) 
5.9% 

0.691 

Neck  Range  of  Motion 

Abnormal 

(n=621) 

15.3% 

(n=  1,494) 
17.3% 

0.297 

(n=799) 

17.8% 

(n=l,316) 

16.0% 

0.327 

Pinprick 

Abnormal 

(n=597) 

5.7% 

(n=l,410) 

6.4% 

0.629 

(n=751) 

6.3% 

(n=  1,256) 
6.1% 

0.985 

Light  Touch 

Abnormal 

(n=597) 

3.5% 

(n=l,410) 

4.4% 

0.434 

(n=751) 

4.7% 

(n=  1,256) 
3.8% 

0.425 

Muscle  Status 

Abnormal 

(n=621) 

2.4% 

(n=  1,493) 
4.1% 

0.080 

(n=799) 

3.4% 

(n=l,315) 

3.7% 

0.768 

Patellar  Reflex 

Abnormal 

(n=620) 

2.7% 

(n=  1,491) 
2.8% 

0.999 

(n=798) 

2.6% 

(n=l,313) 

2.9% 

0.827 

Achilles  Reflex 

Abnormal 

(n=619) 

15.8% 

(n= 1,490) 
17.3% 

0.445 

(n=796) 

17.8% 

(n=l,313) 

16.3% 

0.392 

Biceps  Reflex 

Abnormal 

(n=620) 

1.1% 

(n=  1,494) 
1.1% 

0.999 

(n=798) 

1.5% 

(n=l,316) 

0.9% 

0.301 

F-29 


Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Insecticide  Exposure 

industrial  Chemical  Exposure 

Dependent  Variable 

Level 

r  .s 

mm 

p- Value 

No 

.  Yes  : 

p-Valoe 

Babinski  Reflex 

Abnormal 

(n=619) 

1,1% 

(n=  1,493) 
0.9% 

0.868 

(n=797) 

0.6% 

(n=l,315) 

1.2% 

0.273 

Polyneuropathy  Severity 
Index 

None/Mild 

(n=596) 

98.7% 

(n= 1,407) 
97.8% 

0.443 

(n=749) 

98.0% 

(n=  1,254) 
98.1% 

0.561 

Polyneuropathy  Prevalence 
Index 

Moderate 

Severe 

Abnormal 

1.2% 

0.2% 

(n=597) 

14.1% 

1.9% 

0.3% 

(n=  1,407) 
16.0% 

0.307 

1.6% 

0.4% 

(n=750) 

16.7% 

1.8% 

0.2% 

(n= 1,254) 
14.7% 

0.258 

Multiple  Polyneuropathy 
Index 

Abnormal 

(n=597) 

3.7% 

(n= 1,407) 
4.1% 

0.795 

(n=750) 

4.4% 

(n= 1,254) 
3.7% 

0.486 

Confirmed  Polyneuropathy 
Indicator 

Abnormal 

(n=591) 

0.5% 

(n=  1,396) 
1.1% 

0.337 

(n=744) 

0.8% 

(n=l,243) 

1.0% 

0.907 

Tremor 

Abnormal 

(n=621) 

4.5% 

(n=  1,494) 
8.2% 

0.003 

(n=799) 

5.0% 

(n=l,316) 

8.4% 

0.004 

Coordination 

Abnormal 

(n=619) 

1.6% 

(n= 1,494) 
2.7% 

0.192 

(n=797) 

2.3% 

(n=l,316) 

2.4% 

0.915 

Romberg  Sign 

Abnormal 

(n=620) 

0.5% 

(n=  1,494) 
0.7% 

0.721 

(n=798) 

0.5% 

(n=l,316) 

0.8% 

0.664 

Gait 

Abnormal 

(n=621) 

3.9% 

(n=l,494) 

5.6% 

0.132 

(n=799) 

5.0% 

(n=l,316) 

5.1% 

0.999 

Central  Nervous 

System  Index 

Abnormal 

(n=620) 

8.2% 

(n=  1,494) 
13.7% 

<0.001 

(n=798) 

9.9% 

(n=l,316) 

13.4% 

0.021 

F-30 


Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
( Continued ) 


Degraas 

11II11 

i  ;■  ■  ■; 

Diabetic  Class 

Dependent  Variable 

:  ■  * 

Level 

Yes 

p- Value 

Normal 

Impaired 

mm 

f.  rv  >. 

Inflammatory 

Diseases 

Yes 

(n=751) 

0.1% 

(n=  1,357) 
0.5% 

0.318 

(n=  1,453) 
0.5% 

(n=273) 

0.0% 

(n=355) 

0.3% 

0.470 

Hereditary  and 
Degenerative 

Yes 

(n=752) 

9.2% 

(n= 1,363) 
8.7% 

0.792 

(n=l,458) 

8.0% 

(n=273) 

10.6% 

(n=357) 

10.9% 

0.123 

Diseases 

Peripheral  Disorders 

Yes 

(n=752) 

18.5% 

(n=l,358) 

21.4% 

0.130 

(n= 1,454) 
17.5% 

(n=273) 

18.7% 

(n=356) 

33.4% 

<0.001 

Other  Neurological 
Disorders 

Yes 

(n=748) 

13.9% 

(n= 1,358) 
20.6% 

<0.001 

(n=l,451) 

16.0% 

(n=272) 

21.3% 

(n=356) 

23.9% 

<0.001 

Smell 

Abnormal 

(n=750) 

2.0% 

(n=l,359) 

1.8% 

0.831 

(n= 1,454) 
1.5% 

(n=273) 

2.9% 

(n=355) 

1.7% 

0.257 

Visual  Fields 

Abnormal 

(n=751) 

0.1% 

(n= 1,360) 
0.4% 

0.434 

(n=l,456) 

0.3% 

(n=273) 

0.4% 

(n=355) 

0.6% 

0.698 

Light  Reaction 

Abnormal 

(n=750) 

0.7% 

(n= 1,358) 
0.6% 

0.999 

(n=l,453) 

0.6% 

(n=273) 

0.4% 

(n=355) 

1.1% 

0.394 

Ocular  Movement 

Abnormal 

(n=752) 

1.2% 

(n= 1,363) 
1.6% 

0.565 

(n=l,458) 

1.3% 

(n=273) 

1.5% 

(n=357) 

2.2% 

0.422 

Facial  Sensation 

Abnormal 

(n=750) 

0.1% 

(n=  1,363) 
0.2% 

0.999 

(n= 1,457) 
0.2% 

(n=272) 

0.0% 

(n=357) 

0.3% 

0.711 

Jaw  Clench 

Deviated 

(n=752) 

0.1% 

(n= 1,363) 
0.1% 

0.999 

(n=l,458) 

0.0% 

(n=273) 

0.4% 

(n=357) 

0.3% 

0.093 

Smile 

Abnormal 

(n=752) 

0.3% 

(n=  1,363) 
0.7% 

0.373 

(n=l,458) 

0.4% 

(n=273) 

0.0% 

(n=357) 

1.4% 

0.030 

Palpebral  Fissure 

Abnormal 

(n=752) 

0.4% 

(n=l,363) 

1.2% 

0.117 

(n=l,458) 

0.8% 

(n=273) 

0.0% 

(n=357) 

2.2% 

0.007 

Balance 

Abnormal 

(n=752) 

0.8% 

(n= 1,362) 
0.6% 

0.771 

(n=l,458) 

0.5% 

(n=273) 

0.4% 

(n=356) 

1.7% 

0.036 

Speech 

Abnormal 

(n=752) 

0.5% 

(n=  1,363) 
0.7% 

0.789 

(n= 1,458) 
0.6% 

(n=273) 

0.7% 

(n=357) 

0.8% 

0.890 

Tongue  Position 
Relative  to  Midline 

Deviated 

(n=752) 

0.1% 

(n= 1,363) 
0.1% 

0.999 

(n=  1,458) 
0.0% 

(n=273) 

0.4% 

(n=357) 

0.3% 

0.093 

Palate  and  Uvula 
Movement 

Deviated 

(n=752) 

0.0% 

(n=  1,363) 
0.1% 

0.999 

(n= 1,458) 
0.0% 

(n=273) 

0.0% 

(n=357) 

0.3% 

0.088 

Cranial  Nerve  Index 

Abnormal 

(n=743) 

5.8% 

(n=  1,352) 
6.3% 

0.718 

(n= 1,443) 
5.2% 

(n=271) 

6.3% 

(n=354) 

9.3% 

0.014 

Neck  Range  of 
Motion 

Abnormal 

(n=752) 

17.8% 

(n=  1,363) 
16.1% 

0.330 

(n= 1,458) 
15.6% 

(n=273) 

15.4% 

(n=357) 

21.6% 

0.022 

Pinprick 

Abnormal 

(n=712) 

6.0% 

(n=  1,295) 
6.3% 

0.924 

(n= 1,408) 
4.1% 

(n=251) 

4.0% 

(n=322) 

16.8% 

<0.001 

Light  Touch 

Abnormal 

(n=712) 

4.1% 

(n=  1,295) 
4.2% 

0.999 

(n= 1,408) 
3.0% 

(n=251) 

2.0% 

(n=322) 

10.6% 

<0.001 

Muscle  Status 

Abnormal 

(n=752) 

3.9% 

(n=  1,362) 
3.5% 

0.721 

(n= 1,457) 
3.3% 

(n=273) 

2.6% 

(n=357) 

5.6% 

0.068 

Patellar  Reflex 

Abnormal 

(n=751) 

2.8% 

(n=  1,360) 
2.8% 

0.999 

(n=  1,455) 
1.8% 

(n=273) 

2.6% 

(n=356) 

7.3% 

<0.001 

Achilles  Reflex 

Abnormal 

(n=748) 

18.9% 

(n=  1,361) 
15.8% 

0.084 

(n=  1,453) 
13.4% 

(n=272) 

16.2% 

(n=357) 

31.9% 

<0.001 
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Table  F-3.  Dependent  Variable-Covariate  Associations  for  the  Neurology  Assessment 
(Continued) 


Dependent  Variable 

.  . 

Degreasi 

ng  Chemical  E 

xposure 

Diabetic  Class 

Level 

' '  noU! 

Yes 

p- Value 

Normal 

Impaired  ] 

Diabetic 

p»Vdae 

Biceps  Reflex 

(n=751) 

(n=  1,363) 

(n=l,458) 

(n=272) 

(n=357) 

Abnormal 

1.3% 

1.0% 

0.676 

0.7% 

1.8% 

2.5% 

0.007 

Babinski  Reflex 

(n=751) 

(n=  1,361) 

(n=  1,456) 

(n=273) 

(n=356) 

Abnormal 

0.9% 

1.0% 

0.999 

0.9% 

1.1% 

1.4% 

0.678 

Polyneuropathy 

(n=710) 

(n= 1,293) 

(n=  1,405) 

(n=251) 

(n=321) 

Severity  Index 

None/Mild 

98.0% 

98.0% 

0.482 

98.9% 

99.6% 

93.2% 

<0.001 

Moderate 

1.6% 

1.8% 

0.9% 

0.4% 

5.9% 

Severe 

0.4% 

0.2% 

0.1% 

0.0% 

0.9% 

Polyneuropathy 

(n=710) 

(n= 1,294) 

(n=  1,405) 

(n=251) 

(n=322) 

Prevalence  Index 

Abnormal 

16.5% 

14.8% 

0.364 

12.0% 

12.4% 

32.9% 

<0.001 

Multiple 

(n=710) 

(n=  1,294) 

(n=  1,405) 

(n=251) 

(n=322) 

Polyneuropathy 

Abnormal 

3.9% 

3.9% 

0.999 

2.4% 

1.2% 

12.7% 

<0.001 

Index 

Confirmed 

(n=704) 

(n=l,283) 

(n=  1,397) 

(n=251) 

(n=313) 

Polyneuropathy 

Abnormal 

0.7% 

1.0% 

0.664 

0.6% 

0.0% 

2.9% 

<0.001 

Indicator 

Tremor 

(n=752) 

(n= 1,363) 

(n=l,458) 

(n=273) 

(n=357) 

Abnormal 

6.4% 

7.6% 

0.360 

7.2% 

7.3% 

6.4% 

0.870 

Coordination 

(n=751) 

(n=  1,362) 

(n=  1,458) 

(n=272) 

(n=356) 

Abnormal 

2.7% 

2.2% 

0.605 

1.9% 

2.2% 

4.5% 

0.013 

Romberg  Sign 

(n=752) 

(n= 1,362) 

(n=l,458) 

(n=273) 

(n=356) 

Abnormal 

0.8% 

0.6% 

0.771 

0.5% 

0.4% 

1.7% 

0.036 

Gait 

(n=752) 

(n=  1,363) 

(n=l,458) 

(n=273) 

(n=357) 

Abnormal 

4.9% 

5.1% 

0.910 

3.9% 

5.1% 

9.2% 

<0.001 

Central  Nervous 

(n=751) 

(n= 1,363) 

(n=  1,458) 

(n=272) 

(n=357) 

System  Index 

Abnormal 

11.2% 

12.6% 

0.396 

11.0% 

12.9% 

15.4% 

0.062 

worksSe™srow£r 

Dependent  Variable  Level  No  Yes  p-Value 

No  Yes  p-Value 

Confirmed  Polyneuropathy  (n=l,714)  (n=272) 

Indicator  Abnormal  0.8%  1.5%  0.476 

(n= 1,446)  (n=538) 

1.0%  0.7%  0.839 

F-32 


Table  F-4.  Dependent  Variabie-Covariate  Associations  for  the  Psychology  Assessment 


F-33 


Table  P-4.  Dependent  Variabte-Covariate  Associations  for  the  Psychology  Assessment 
(Continued) 


Psychoses 

(n=834) 

(n=338) 

(n=944) 

Yes 

2.5% 

5.0% 

4.7% 

0.032 

Alcohol  Dependence 

(n=834) 

(n=338) 

(n=943) 

Yes 

4.9% 

8.9% 

7.9% 

0.014 

Drug  Dependence 

(n=834) 

(n=338) 

(n=944) 

Yes 

0.1% 

0.0% 

0.5% 

0.152 

Anxiety 

(n=833) 

(n=337) 

(n=939) 

Yes 

17.3% 

30.9% 

33.9% 

0.001 

Other  Neuroses 

(n=829) 

(n=334) 

(n=932) 

Yes 

43.7% 

61.4% 

60.1% 

0.001 

SCL-90-R  Anxiety 

(n=834) 

(n=337) 

(n=944) 

High 

5.0% 

13.4% 

14.3% 

0.001 

SCL-90-R  Depression 

(n=834) 

(n=337) 

(n=944) 

High 

9.0% 

17.5% 

19.3% 

0.001 

SCL-90-R  Hostility 

(n=834) 

(n=337) 

(n=944) 

High 

4.1% 

9.5% 

11.2% 

0.001 

SCL-90-R  Interpersonal 

(n=834) 

(n=337) 

(n=944) 

Sensitivity 

High 

7.8% 

19.0% 

20.4% 

0.001 

SCL-90-R  Obsessive- 

(n=834) 

(n=337) 

(n=944) 

Compulsive  Behavior 

High 

9.2% 

20.5% 

19.1% 

0.001 

SCL-90-R  Paranoid 

(n=834) 

(n=337) 

(n=944) 

Ideation 

High 

2.8% 

7.4% 

10.4% 

0.001 

SCL-90-R  Phobic 

(n=834) 

(n=337) 

(n=944) 

Anxiety 

High 

4.6% 

12.5% 

14.4% 

0.001 

SCL-90-R  Psychoticism 

(n=834) 

(n=337) 

(n=944) 

High 

7.9% 

14.8% 

18.3% 

0.001 

SCL-90-R  Somatization 

(n=834) 

(n=337) 

(n=944) 

High 

7.3% 

25.2% 

21.0% 

0.001 

SCL-90-R  Global 

(n=834) 

(n=337) 

(n=944) 

Severity  Index 

High 

7.2% 

18.7% 

20.1% 

0.001 

SCL-90-R  Positive 

(n=834) 

(n=337) 

(n=944) 

Symptom  Total 

High 

8.5% 

20.2% 

20.9% 

0.001 

SCL-90-R  Positive 

(n=834) 

(n=337) 

(n=944) 

Symptom  Distress  Index 

High 

3.7% 

9.5% 

9.5% 

0.001 
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Table  F-4.  Dependent  Variable-Covariate  Associations  for  the  Psychology  Assessment 
( Continued ) 


Dependent 

Variable 

Level 

i 

fU  .  §  *  4  J 

Education 

'  ■  ■  : 

ligh  Schoc 

i  p-Value 

Psychoses 

(n=l,139) 

(n=976) 

Yes 

3.3% 

4.6% 

0.132 

Alcohol  Dependence 

(n=l,139) 

(n=975) 

Yes 

6.0% 

7.9% 

0.097 

Drug  Dependence 

(n=l,139) 

(n=976) 

Yes 

0.4% 

0.2% 

0.826 

Anxiety 

(n=  1,136) 

(n=972) 

Yes 

23.1% 

31.3% 

0.001 

Other  Neuroses 

(n=  1,133) 

(n=961) 

Yes 

47.8% 

60.9% 

0.001 

SCL-90-R  Anxiety 

(n=l,139) 

(n=975) 

High 

7.5% 

14.1% 

0.001 

SCL-90-R  Depression 

(n=l , 139) 

(n=975) 

High 

11.2% 

19.4% 

0.001 

SCL-90-R  Hostility 

(n=  1,139) 

(n=975) 

High 

5.4% 

11.3% 

0.001 

SCL-90-R  Interpersonal 

(n=l,139) 

(n=975) 

Sensitivity 

High 

10.8% 

20.4% 

0.001 

SCL-90-R  Obsessive- 

(n=l,139) 

(n=975) 

Compulsive  Behavior 

High 

11.8% 

19.7% 

0.001 

SCL-90-R  Paranoid 

(n=l,139) 

(n=975) 

Ideation 

High 

4.5% 

9.7% 

0.001 

SCL-90-R  Phobic 

(n=l,139) 

(n=975) 

Anxiety 

High 

6.6% 

14.5% 

0.001 

SCL-90-R  Psychoticism 

(n=l,139) 

(n=975) 

High 

10.7% 

17.1% 

0.001 

SCL-90-R  Somatization 

(n=l,139) 

(n=975) 

High 

11.2% 

22.3% 

0.001 

SCL-90-R  Global 

(n=l,139) 

(n=975) 

Severity  Index 

High 

11.1% 

19.2% 

0.001 

SCL-90-R  Positive 

(n=l,139) 

(n=975) 

Symptom  Total 

High 

11.7% 

20.8% 

0.001 

SCL-90-R  Positive 

(n=l,139) 

(n=975) 

Symptom  Distress  Index 

High 

5.3% 

9.5% 

0.001 
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Table  F-4.  Dependent  Variable-Covariate  Associations  for  the  Psychology  Assessment 
(Continued) 


Alcohol  Dependence 

— 

— 

-- 

— 

Drug  Dependence 

~ 

— 

— 

— 

Anxiety 

— 

— 

— 

— 

Other  Neuroses 

- 

- 

- 

— 

SCL-90-R  Anxiety 

(n=  1,694) 

(n=370) 

(n=50) 

High 

10.6% 

8.9% 

20.0% 

0.055 

SCL-90-R  Depression 

(n= 1,694) 

(n=370) 

(n=50) 

High 

14.9% 

13.2% 

28.0% 

0.023 

SCL-90-R  Hostility 

(n=  1,694) 

(n=370) 

(n=50) 

High 

8.2% 

6.8% 

18.0% 

0.024 

SCL-90-R  Interpersonal 

(n= 1,694) 

(n=370) 

(n=50) 

Sensitivity 

High 

15.8% 

11.6% 

22.0% 

0.051 

SCL-90-R  Obsessive- 

(n= 1,694) 

(n=370) 

(n=50) 

Compulsive  Behavior 

High 

15.5% 

13.8% 

26.0% 

0.080 

SCL-90-R  Paranoid 

(n= 1,694) 

(n=370) 

(n=50) 

Ideation 

High 

7.0% 

6.0% 

12.0% 

0.278 

SCL-90-R  Phobic 

(n= 1,694) 

(n=370) 

(n=50) 

Anxiety 

High 

10.0% 

10.5% 

14.0% 

0.643 

SCL-90-R  Psychoticism 

(n= 1,694) 

(n=370) 

(n=50) 

High 

13.5% 

13.0% 

24.0% 

0.095 

SCL-90-R  Somatization 

(n= 1,694) 

(n=370) 

(n=50) 

High 

17.1% 

11.9% 

20.0% 

0.037 

SCL-90-R  Global 

(n= 1,694) 

(n=370) 

(n=50) 

Severity  Index 

High 

14.9% 

12.7% 

28.0% 

0.017 

SCL-90-R  Positive 

(n= 1,694) 

(n=370) 

(n=50) 

Symptom  Total 

High 

16.1% 

14.1% 

22.0% 

0.302 

SCL-90-R  Positive 

(n= 1,694) 

(n=370) 

(n=50) 

Symptom  Distress  Index 

High 

7.7% 

4.3% 

12.0% 

0.030 
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Table  F-4.  Dependent  Variable-Covariate  Associations  for  the  Psychology  Assessment 
(Continued) 


Dependent 

Variable 

[•  o;:  X  '•&.  ’§&■  v*  ^  1 

Lifetime  Alcohol  History  (drink-years) 

Level 

o 

>0-10 

>10 

p- Value 

Psychoses 

Yes 

(n=l  18) 
3.4% 

(n=  1,375) 
3.3% 

(n=615) 

5.4% 

0.080 

Alcohol  Dependence 

- 

- 

- 

- 

Drug  Dependence 

Yes 

(n=l 18) 
0.0% 

(n= 1,375) 
0.2% 

(n=615) 

0.5% 

0.485 

Anxiety 

Yes 

(n=118) 

27.1% 

(n=  1,371) 
26.4% 

(n=612) 

27.6% 

0.851 

Other  Neuroses 

Yes 

(n=118) 

50.9% 

(n=  1,364) 
50.2% 

(n=605) 

62.8% 

0.001 

SCL-90-R  Anxiety 

High 

(n=l 18) 
11.0% 

(n=  1,374) 
9.1% 

(n=615) 

13.7% 

0.009 

SCL-90-R  Depression 

High 

(n=l 18) 
17.0% 

(n=  1,374) 
12.9% 

(n=615) 

19.4% 

0.001 

SCL-90-R  Hostility 

High 

(n=l 18) 
3.4% 

(n=  1,374) 
7.4% 

(n=615) 

10.9% 

0.004 

SCL-90-R  Interpersonal 
Sensitivity 

High 

(n=l 18) 
14.4% 

(n=  1,374) 
14.1% 

(n=615) 

18.2% 

0.056 

SCL-90-R  Obsessive- 
Compulsive  Behavior 

High 

(n=118) 

14.4% 

(n=  1,374) 
13.6% 

(n=615) 

19.8% 

0.002 

SCL-90-R  Paranoid 

Ideation 

High 

(n=118) 

5.1% 

(n=  1,374) 
6.3% 

(n=615) 

8.8% 

0.089 

SCL-90-R  Phobic 

Anxiety 

High 

(n=l 18) 
5.9% 

(n=  1,374) 
9.4% 

(n=615) 

13.0% 

0.014 

SCL-90-R  Psychoticism 

High 

(n=118) 

11.9% 

(n=  1,374) 
12.2% 

(n=615) 

17.6% 

0.004 

SCL-90-R  Somatization 

High 

(n=118) 

12.7% 

(n=  1,374) 
15.6% 

(n=615) 

18.7% 

0.121 

SCL-90-R  Global 

Severity  Index 

High 

(n=118) 

15.3% 

(n=  1,374) 
12.7% 

(n=615) 

19.5% 

0.001 

SCL-90-R  Positive 

Symptom  Total 

High 

(n=118) 

16.1% 

(n=  1,374) 
14.0% 

(n=615) 

20.3% 

0.002 

SCL-90-R  Positive 

Symptom  Distress  Index 

High 

(n=118) 

7.6% 

(n=  1,374) 
7.1% 

(n=615) 

7.6% 

0.887 
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Table  F-4  Dependent  Variable-Covariate  Associations  for  the  Psychology  Assessment 
(Continued) 


Dependent 

Variable 

Current  T 

otal  Household 

1  Income 

Current  Employment 

Level 

SJW5.000 

>$«5,000 

p-Value 

Yes 

-  No .  : 

p*  Value 

Psychoses 

Yes 

(n=  1,062) 
5.0% 

(n=  1,030) 
2.7% 

0.010 

(n=l,385) 

3.3% 

(n=730) 

5.1% 

0.052 

Alcohol  Dependence 

Yes 

(n=l,061) 

8.8% 

(n=  1,030) 
5.0% 

0.001 

(n=  1,384) 
6.0% 

(n=730) 

8.5% 

0.039 

Drug  Dependence 

Yes 

(n= 1,062) 
0.4% 

(n= 1,030) 
0.2% 

0.710 

(n=l,385) 

0.4% 

(n=730) 

0.0% 

0.177 

Anxiety 

Yes 

(n=l,059) 

32.8% 

(n= 1,027) 
20.9% 

0.001 

(n=l,381) 

26.5% 

(n=727) 

27.5% 

0.657 

Other  Neuroses 

Yes 

(n=  1,048) 
61.6% 

(n= 1,023) 
45.7% 

0.001 

(n=l,373) 

52.4% 

(n=721) 

56.3% 

0.101 

SCL-90-R  Anxiety 

High 

(n= 1,062) 
14.5% 

(n= 1,029) 
6.2% 

0.001 

(n=  1,384) 
10.3% 

(n=730) 

11.0% 

0.672 

SCL-90-R  Depression 

High 

(n= 1,062) 
19.7% 

(n= 1,029) 
9.8% 

0.001 

(n=  1,384) 
14.7% 

(n=730) 

15.3% 

0.760 

SCL-90-R  Hostility 

High 

(n= 1,062) 
10.6% 

(n=  1,029) 
5.4% 

0.001 

(n=  1,384) 
8.2% 

(n=730) 

8.0% 

0.881 

SCL-90-R  Interpersonal 
Sensitivity 

High 

(n= 1,062) 
20.0% 

(n= 1,029) 
10.2% 

0.001 

(n=l,384) 

15.2% 

(n=730) 

15.3% 

0.969 

SCL-90-R  Obsessive- 
Compulsive  Behavior 

High 

(n= 1,062) 
20.8% 

(n= 1,029) 
9.8% 

0.001 

(n=l,384) 

14.3% 

(n=730) 

17.5% 

0.059 

SCL-90-R  Paranoid 
Ideation 

High 

(n= 1,062) 
9.7% 

(n= 1,029) 
3.8% 

0.001 

(n=  1,384) 
7.4% 

(n=730) 

6.0% 

0.286 

SCL-90-R  Phobic 

Anxiety 

High 

(n= 1,062) 
14.1% 

(n= 1,029) 
5.9% 

0.001 

(n=  1,384) 
9.5% 

(n=730) 

11.5% 

0.178 

SCL-90-R  Psychoticism 

High 

(n=  1,062) 
18.1% 

(n= 1,029) 
8.9% 

0.001 

(n=  1,384) 
13.5% 

(n=730) 

14.0% 

0.821 

SCL-90-R  Somatization 

High 

(n=  1,062) 
21.8% 

(n= 1,029) 
10.5% 

0.001 

(n=l,384) 

14.9% 

(n=730) 

18.9% 

0.020 

SCL-90-R  Global 

Severity  Index 

High 

(n=  1,062) 
19.9% 

(n= 1,029) 
9.5% 

0.001 

(n=  1,384) 
14.2% 

(n=730) 

15.9% 

0.340 

SCL-90-R  Positive 
Symptom  Total 

High 

(n= 1,062) 
21.0% 

(n= 1,029) 
10.5% 

0.001 

(n=l,384) 

15.5% 

(n=730) 

16.7% 

0.493 

SCL-90-R  Positive 
Symptom  Distress  Index 

High 

(n= 1,062) 
8.7% 

(n= 1,029) 
5.7% 

0.012 

(n=  1,384) 
6.8% 

(n=730) 

8.1% 

0.317 
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Table  F-4  Dependent  Variable-Covariate  Associations  for  the  Psychology  Assessment 
(Continued) 


Current  Marital  Status 

Current  Parental  Status 

Dependent 

Variable 

§  |  *  .1  y 

Level 

llflili 

mm 

Child<18 
Years  Old 

No  Odld<18 
Years  Old 

p-Valtie 

Psychoses 

Yes 

(n=  1,745) 
3.0% 

(n=370) 

7.8% 

0.001 

(n=290) 

3.5% 

(n=  1,825) 
4.0% 

0.808 

Alcohol  Dependence 

Yes 

(n= 1,745) 
5.3% 

(n=369) 

14.4% 

0.001 

(n=290) 

3.1% 

(n=l,824) 

7.5% 

0.009 

Drug  Dependence 

Yes 

(n=  1,745) 
0.1% 

(n=370) 

1.1% 

0.008 

(n=290) 

0.3% 

(n=  1,825) 
0.3% 

0.999 

Anxiety 

Yes 

(n= 1,740) 
25.3% 

(n=368) 

34.0% 

0.001 

(n=290) 

23.8% 

(n=l,818) 

27.3% 

0.233 

Other  Neuroses 

Yes 

(n= 1,730) 
51.9% 

(n=364) 

62.9% 

0.001 

(n=288) 

56.3% 

(n=  1,806) 
53.4% 

0.398 

SCL-90-R  Anxiety 

High 

(n=l,745) 

9.8% 

(n=369) 

13.8% 

0.028 

(n=290) 

10.7% 

(n=  1,824) 
10.5% 

0.992 

SCL-90-R  Depression 

High 

(n= 1,745) 
13.8% 

(n=369) 

20.3% 

0.002 

(n=290) 

16.6% 

(n=  1,824) 
14.7% 

0.462 

SCL-90-R  Hostility 

High 

(n=l,745) 

8.5% 

(n=369) 

6.5% 

0.247 

(n=290) 

9.3% 

(n=  1,824) 
8.0% 

0.502 

SCL-90-R  Interpersonal 
Sensitivity 

High 

(n= 1,745) 
14.4% 

(n=369) 

19.2% 

0.023 

(n=290) 

14.5% 

(n= 1,824) 
15.4% 

0.769 

SCL-90-R  Obsessive- 
Compulsive  Behavior 

High 

(n=l,745) 

14.8% 

(n=369) 

18.4% 

0.093 

(n=290) 

13.8% 

(n=  1,824) 
15.7% 

0.460 

SCL-90-R  Paranoid 

Ideation 

High 

(n=  1,745) 
6.1% 

(n=369) 

10.8% 

0.002 

(n=290) 

7.9% 

(n=  1,824) 
6.7% 

0.538 

SCL-90-R  Phobic 

Anxiety 

High 

(n=  1,745) 
9.6% 

(n=369) 

13.0% 

0.064 

(n=290) 

8.6% 

(n=  1,824) 
10.5% 

0.389 

SCL-90-R  Psychoticism 

High 

(n=  1,745) 
12.5% 

(n=369) 

19.2% 

0.001 

(n=290) 

14.8% 

(n=  1,824) 
13.5% 

0.599 

SCL-90-R  Somatization 

High 

(n=  1,745) 
15.6% 

(n=369) 

19.5% 

0.075 

(n=290) 

14.8% 

(n=  1,824) 
16.5% 

0.527 

SCL-90-R  Global 

Severity  Index 

High 

(n= 1,745) 
13.9% 

(n=369) 

19.0% 

0.016 

(n=290) 

14.5% 

(n=  1,824) 
14.9% 

0.938 

SCL-90-R  Positive 
Symptom  Total 

High 

(n=  1,745) 
15.2% 

(n=369) 

19.2% 

0.063 

(n=290) 

16.2% 

(n=  1,824) 
15.8% 

0.944 

SCL-90-R  Positive 
Symptom  Distress  Index 

High 

(n=  1,745) 
7.0% 

(n=369) 

8.4% 

0.402 

(n=290) 

9.0% 

(n= 1,824) 
7.0% 

0.271 

— :  Covariate  not  applicable  for  dependent  variable. 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal  Assessment 


Dependent  Variable 

i  ;  ,  f  |  | 

Race 

Level 

Born  £1942 

Born  <1942 

p-Value 

Black 

Non-Black 

p-Value 

Uncharacterized 

Hepatitis 

Yes 

(n=928) 

2.3% 

(n=  1,179) 
1.4% 

0.215 

(n=128) 

2.3% 

(n=  1,979) 
1.8% 

0.896 

Jaundice  (Unspecified) 

Yes 

(n=914) 

2.0% 

(n=  1,152) 
2.5% 

0.494 

(n=127) 

1.6% 

(n=l,938) 

2.3% 

0.810 

Chronic  Liver  Disease 
and  Cirrhosis  of  the 

Liver  (Alcohol-related) 

Yes 

(n=880) 

4.2% 

(n=l,118) 

5.2% 

0.358 

(n=116) 

9.5% 

(n=  1,882) 
4.5% 

0.025 

Chronic  Liver  Disease 
and  Cirrhosis  of  the 

Liver  (Non-alcohol- 
related) 

Yes 

(n=933) 

1.7% 

(n=l,187) 

1.0% 

0.223 

(n=128) 

1.6% 

(n=  1,992) 
1.3% 

0.999 

Liver  Abscess 
and  Sequelae  of 

Chronic  Liver  Disease 

Yes 

(n=933) 

0.0% 

(n=l,188) 

0.2% 

0.588 

(n=128) 

0.0% 

(n= 1,993) 
0.1% 

0.999 

Enlarged  Liver 
(Hepatomegaly) 

Yes 

(n=932) 

1.2% 

(n=l,186) 

2.5% 

0.038 

(n=127) 

2.4% 

(n=l,991) 

1.9% 

0.978 

Other  Liver  Disorders 

Yes 

(n=927) 

27.2% 

(n=l,179) 

26.2% 

0.650 

(n=128) 

43.0% 

(n=  1,978) 
25.6% 

0.001 

Current  Hepatomegaly 

Yes 

(n=914) 

0.5% 

(n=l,177) 

1.0% 

0.343 

(n=120) 

0.0% 

(n=  1,971) 
0.9% 

0.618 

AST 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

(discrete) 

High 

r=- 

7.8% 

0.025 

6.3% 

0.247 

0.214 

x  =23.44 
6.7% 

x  =22.90 
7.0% 

0.454 

0.999 

ALT 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

(discrete) 

High 

r=-0.204 

10.0%  5.4% 

<0.001 

0.001 

x  =41.94 
7.5% 

x  =42.54 
7.4% 

0.596 

0.999 

GGT 

(n=913) 

(n=l,177) 

(n=120) 

(n=  1,970) 

(continuous)3 

(discrete) 

High 

r=- 

12.6% 

0.103 

8.3% 

<0.001 

0.002 

x  =48.65 
13.3% 

x  =42.70 
10.0% 

0.012 

0.309 

Alkaline  Phosphatase 

(n=913) 

(n=l,177) 

(n=120) 

(n=  1,970) 

(continuous)3 

(discrete) 

High 

r=0.003 

2.5%  1.9% 

0.909 

0.435 

x  =82.64 
3.3% 

x  =80.40 
2.1% 

0.274 

0.582 

Total  Bilirubin 

(n=913) 

(n=  1,177) 

(n=120) 

(n=  1,970) 

(continuous)3 

(discrete) 

High 

r=0.061 

6.1%  5.6% 

0.005 

0.678 

x  =0.489 
6.7% 

x  =0.521 
5.8% 

0.153 

0.843 

Direct  Bilirubin 

High 

(n=913) 

0.1% 

(n=l,177) 

0.4% 

0.355 

(n=120) 

0.8% 

(n=  1,970) 
0.3% 

0.785 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Dependent  Variable 

Level 

Age 

* 

'  .{&  •  'fP-  ••  1 

•  ^  -f'  V  ■:  '?  v.: 

I  1  p 

■  ■  -  . 

hem 

Bora  2:1942 

Bora  <1942 

p*  Value 

p-Value 

Lactic  Dehydrogenase 

(n=913) 

(n=l,175) 

(n=1 19) 

(n=  1,969) 

(continuous)a 

r=0.078 

<0.001 

x  =157.5 

x  =153.7 

0.131 

(discrete) 

High 

9.9% 

10.2% 

0.846 

12.6% 

9.9% 

0.427 

Cholesterol 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)15 

r=- 

■0.049 

0.025 

x  =212.7 

x  =21 1.5 

0.726 

(discrete) 

High 

16.2% 

13.9% 

0.166 

12.5% 

15.1% 

0.524 

HDL  Cholesterol 

(n=912) 

(n=l,176) 

(n=120) 

(n= 1,968) 

(continuous)3 

r=0.035 

0.114 

x  =48.17 

x  =44.70 

0.002 

(discrete) 

Low 

7.2% 

8.1% 

0.527 

3.3% 

8.0% 

0.094 

Cholesterol-HDL  Ratio 

(n=912) 

(n=  1,176) 

(n=120) 

(n= 1,968) 

(continuous)3 

r=- 

-0.066 

0.003 

x  =4.39 

x  =4.69 

0.011 

(discrete) 

High 

44.5% 

38.7% 

0.008 

28.3% 

42.0% 

0.004 

Triglycerides 

(n=913) 

(n=l,176) 

(n=120) 

(n= 1,969) 

(continuous)3 

r=-0.073 

0.001 

x  =93.0 

x  =123.5 

<0.001 

(discrete) 

High 

24.0% 

18.6% 

0.003 

6.7% 

21.8% 

0.001 

Creatine 

Phosphokinase 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

r=- 

-0.090 

<0.001 

x  =195.9 

x  =102.0 

<0.001 

(discrete) 

High 

11.0% 

7.4% 

0.006 

34.2% 

7.1% 

0.001 

Serum  Amylase 

(n=913) 

(n=  1,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

r=0.037 

0.094 

x  =72.71 

x  =56.04 

<0.001 

(discrete) 

High 

2.7% 

3.2% 

0.602 

10.8% 

2.5% 

0.001 

Antibodies  for 

(n=933) 

(n=l,187) 

(n=128) 

(n= 1,992) 

Hepatitis  A 

Yes 

23.5% 

40.9% 

0.001 

43.8% 

32.5% 

0.012 

Serological  Evidence 

(n=931) 

(n=l,187) 

(n=127) 

(n=  1,991) 

of  Prior  Hepatitis  B 

Yes 

11.2% 

12.0% 

0.579 

26.8% 

10.7% 

0.001 

Infection 

Current  Hepatitis  B 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

Yes 

0.2% 

0.1% 

0.834 

1.6% 

0.1% 

0.001 

Antibodies  for 

(n=933) 

(n=l,188) 

(n=128) 

(n= 1,993) 

Hepatitis  C 

Yes 

1.8% 

0.8% 

0.071 

4.7% 

1.1% 

0.002 

Stool  Hemoccult 

(n=878) 

(n=l,152) 

(n=lll) 

(n=l,919) 

Yes 

2.6% 

5.1% 

0.006 

5.4% 

4.0% 

0.614 

Prealbumin 

(n=913) 

(n=l,177) 

(n=120) 

(n=l,970) 

(continuous) 

r=_0.146 

<0.001 

x  =29.53 

x  =29.59 

0.901 

(discrete) 

Low 

0.7% 

1.5% 

0.099 

0.8% 

1.2% 

0.999 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


■■  : 

Age 

;  ■; 

Race 

Dependent  Variable 

Level 

Born  21942 

Bon.  <1942 

p- Value 

Black 

Non-Black 

p- Value 

Albumin 

(n=913) 

(n=  1,177) 

(n=120) 

(n=  1,970) 

(continuous) 

p=- 

-0.140 

<0.001 

x  =4,161.4 

x  =4,201.2 

0.209 

(discrete) 

Low 

0.3% 

0.8% 

0.222 

1.7% 

0.6% 

0.367 

a- 1 -Acid  Glycoprotein 

(n=913) 

(n=l,177) 

(n=120) 

(n=  1,970) 

(continuous)3 

r=- 

-0.012 

0.586 

x  =81.87 

x  =84.51 

0.131 

(discrete) 

High 

3.2% 

4.1% 

0.333 

4.2% 

3.7% 

0.969 

a- 1 -Antitrypsin 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)15 

r=0.087 

<0.001 

x  =141.8 

x  =148.3 

0.006 

(discrete) 

Abn.  Low 

1.3% 

1.4% 

0.620 

0.0% 

1.5% 

0.271 

Normal 

98.2% 

97.8% 

100.0% 

97.9% 

Abn.  High 

0.4% 

0.8% 

0.0% 

0.7% 

a-2-Macroglobulin 

(n=913) 

(n=  1,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

r=0.299 

<0.001 

x  =152.1 

x  =172.2 

<0.001 

(discrete) 

High 

1.2% 

5.1% 

0.001 

0.0% 

3.6% 

0.063 

Apolipoprotein  B 

(n=913) 

(n=l,177) 

j 

(n=120) 

(n= 1,970) 

(continuous)15 

r=-0.050 

0.023 

x  =111.0 

x  =111.1 

0.951 

(discrete) 

High 

53.6% 

49.9% 

0.103 

50.0% 

51.6% 

0.810 

C3  Complement 

(n=913) 

(n=l,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

r=-0.048 

0.027 

x  =124.0 

x  =118.4 

0.002 

(discrete) 

Low 

2.2% 

2.0% 

0.824 

0.0% 

2.2% 

0.192 

C4  Complement 

(n=913) 

(n=l,177) 

(n=120) 

(n=  1,970) 

(continuous)3 

r=-0.020 

0.371 

x  =29.00 

x  =25.65 

<0.001 

(discrete) 

Low 

0.1% 

0.3% 

0.803 

0.0% 

0.2% 

0.999 

Haptoglobin 

(n=913) 

(n=l,177) 

(n=120) 

(n=  1,970) 

(continuous)1* 

r=0.032 

0.139 

x  =119.8 

x  =130.7 

0.057 

(discrete) 

High 

29.0% 

30.5% 

0.494 

25.8% 

30.1% 

0.374 

Transferrin 

(n=913) 

(n=  1,177) 

(n=120) 

(n= 1,970) 

(continuous)3 

r=- 

-0.050 

0.022 

x  =237.8 

x  =251.7 

<0.001 

(discrete) 

Low 

8.2% 

11.0% 

0.043 

20.8% 
i _ _ 

9.1% 

0.001 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Occupation 


Dependent 

Variable 

Level 

Officer 

Ryer 

lllll 

p-Val“e 

Uncharacterized  Hepatitis 

(n=826) 

(n=338) 

(n=943) 

0.622 

Yes 

1.5% 

2.1% 

2.0% 

Jaundice  (Unspecified) 

(n=807) 

(n=330) 

(n=928) 

0.100 

Yes 

3.1% 

1.2% 

1.9% 

Chronic  Liver  Disease  and 

(n=798) 

(n=3 1 8) 

(n=882) 

Cirrhosis  (Alcohol-related) 

Yes 

3.6% 

6.0% 

5.3% 

0.142 

Chronic  Liver  Disease  and 

(n=834) 

(n=338) 

(n=948) 

Cirrhosis  (Non-alcohol-related) 

Yes 

1.0% 

1.5% 

1.6% 

0.497 

Liver  Abscess  and  Sequelae  of 

(n=835) 

(n=338) 

(n=948) 

0.823 

Chronic  Liver  Disease 

Yes 

0.1% 

0.0% 

0.1% 

Enlarged  Liver  (Hepatomegaly) 

(n=833) 

(n=338) 

(n=947) 

0.540 

Yes 

1.7% 

2.7% 

1.9% 

Other  Liver  Disorders 

(n=824) 

(n=338) 

(n=944) 

Yes 

26.0% 

26.0% 

27.4% 

0.756 

Current  Hepatomegaly 

(n=830) 

(n=335) 

(n=926) 

0.753 

Yes 

0.7% 

0.6% 

1.0% 

AST 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =23.37 

x  =22.34 

x  =22.76 

0.073 

(discrete) 

High 

6.7% 

7.8% 

6.8% 

0.810 

ALT 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =41.96 

x  =41.97 

x  =43.19 

0.069 

(discrete) 

High 

5.4% 

10.1% 

8.2% 

0.009 

GGT 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =41.38 

x  =44.91 

x  =43.87 

0.026 

(discrete) 

High 

8.2% 

14.3% 

10.5% 

0.007 

Alkaline  Phosphatase 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =77.43 

x  =83.60 

x  =82.29 

<0.001 

(discrete) 

High 

1.9% 

3.0% 

2.2% 

0.535 

Total  Bilirubin 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =0.544 

x  =0.502 

x  =0.504 

0.001 

(discrete) 

High 

6.9% 

5.1% 

5.2% 

0.264 

Direct  Bilirubin 

(n=830) 

(n=335) 

(n=925) 

0.328 

High 

0.5% 

0.0% 

0.2% 

Lactic  Dehydrogenase 

(n=829) 

(n=334) 

(n=925) 

(continuous)3 

x  =154.2 

x  =152.4 

x  =154.2 

0.531 

(discrete) 

High 

10.3% 

8.4% 

10.5% 

0.533 
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Table  F-5.  Dependentbl ariable-Covariate  Associations  for  the  Gastrointestinal 
Assessment.(Continued) 


■*,  "W"  m'  'W 

Occupation 

Dependent 

Variable 

Level 

Officer 

Enlisted 

Flyer 

Enlisted 

Groundcrew 

p-Value 

Cholesterol 

(n=830) 

(n=335) 

(n=925) 

(continuous)*5 

(discrete) 

High 

x  =208.5 
12.9% 

x  =215.7 
14.9% 

x  =212.9 
16.8% 

0.004 

0.076 

HDL  Cholesterol 

(n=829) 

(n=334) 

(n=925) 

(continuous)3 

(discrete) 

Low 

x  =46.67 
5.2% 

x  =44.24 
10.2% 

x  =43.59 
9.1% 

<0.001 

0.002 

Cholesterol-HDL  Ratio 

(n=829) 

(n=334) 

(n=925) 

(continuous)3 

(discrete) 

High 

x  =4.43 
32.6% 

x  =4.84 
43.4% 

x  =4.85 
48.2% 

<0.001 

0.001 

Triglycerides 

(n=829) 

(n=335) 

(n=925) 

(continuous)3 

(discrete) 

High 

x  =113.0 
17.1% 

x  =131.3 
24.2% 

x  =126.1 
23.2% 

<0.001 

0.002 

Creatine  Phosphokinase 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

(discrete) 

High 

x  =104.9 
8.4% 

x  =99.2 
6.6% 

x  =109.2 
10.3% 

0.038 

0.101 

Serum  Amylase 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

(discrete) 

High 

x  =56.62 
3.5% 

x  =57.03 
2.1% 

x  =57.06 
2.9% 

0.906 

0.436 

Antibodies  for  Hepatitis  A 

Yes 

(n=834) 

27.0% 

(n=338) 

47.3% 

(n=948) 

33.6% 

0.001 

Serological  Evidence  of  Prk 
Hepatitis  B 

Yes 

(n=834) 

6.0% 

(n=338) 

16.6% 

(n=946) 

14.9% 

0.001 

Current  Hepatitis  B 

Yes 

(n=835) 

0.0% 

(n=338) 

0.0% 

(n=948) 

0.3% 

0.156 

Antibodies  for  Hepatitis  C 

Yes 

(n=835) 

0.6% 

(n=338) 

0.9% 

(n=948) 

2.0% 

0.024 

Stool  Hemoccult 

Yes 

(n=815) 

4.4% 

(n=325) 

2.8% 

(n=890) 

4.2% 

0.431 

Prealbumin 

(n=830) 

(n=335) 

(n=925) 

(continuous) 

(discrete) 

Low 

x  =29.78 
1.4% 

x  =29.44 
0.6% 

x  =29.46 
1.1% 

0.353 

0.454 

Albumin 

(n=830) 

(n=335) 

(n=925) 

(continuous) 

(discrete) 

Low 

x  =4,191.6. 
0.8% 

x  =4,173.4 
0.3% 

x  =4,214.6 
0.5% 

0.115 

0.516 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Dependent 

Variable 

l  sW" v.  "a  « 

■ :  • , :  " : 

Level 

upation 

:  '  •••  .  • 

,  ■ 

Officer 

*1^: 

:r  1 

a- 1 -Acid  Glycoprotein 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =81.68 

x  =85.71 

x  =86.34 

<0.001 

(discrete) 

High 

2.8% 

4.8% 

4.1% 

0.170 

a- 1 -Antitrypsin 

(n=830) 

(n=335) 

(n=925) 

(continuous)*5 

x  =143.4 

x  =153.0 

x  =150.2 

<0.001 

(discrete) 

Abnormal  Low 

2.3% 

0.6% 

0.9% 

0.022 

Normal 

97.5% 

98.5% 

98.3% 

Abnormal  High 

0.2% 

0.9% 

0.9% 

a-2-Macroglobulin 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =170.8 

x  =177.2 

x  =169.0 

0.013 

(discrete) 

High 

3.1% 

4.8% 

3.1% 

0.315 

Apolipoprotein  B 

(n=830) 

(n=335) 

(n=925) 

(continuous)*5 

x  =108.3 

x  =114.3 

x  =112.4 

<0.001 

(discrete) 

High 

47.1% 

56.1% 

53.7% 

0.004 

C3  Complement 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =114.7 

x  =120.5 

x=121.6 

<0.001 

(discrete) 

Low 

2.4% 

1.8% 

1.8% 

0.654 

C4  Complement 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =25.21 

x  =25.95 

x  =26.35 

<0.001 

(discrete) 

Low 

0.4% 

0.3% 

0.0% 

0.199 

Haptoglobin 

(n=830) 

(n=335) 

(n=925) 

(continuous)*5 

x  =118.7 

x  =142.0 

x  =136.3 

<0.001 

(discrete) 

High 

22.9% 

36.1% 

33.8% 

0.001 

Transferrin 

(n=830) 

(n=335) 

(n=925) 

(continuous)3 

x  =249.1 

x  =252.8 

x  =251.8 

0.139 

(discrete) 

Low 

9.2% 

10.7% 

9.9% 

0.688 

.  .  : ••  * ,  ;■  : , ::  ; 

£  J 

Cui 

Tent  Alcohol  Us. 

:  (drinksfcJ*y) 

if  J  i-  f 

• 

:  '  •• 

Level  •§  Jj 

!..  .1  . 

ms* 

>4 

p-Value 

Uncharacterized  Hepatitis 

Jaundice  (Unspecified) 

_ 

Chronic  Liver  Disease  and 

Cirrhosis  (Alcohol-related) 

— 

— 

Chronic  Liver  Disease  and 

Cirrhosis  (Non-alcohol-related) 

— 

— 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  ( Continued ) 


Dependent 

Variable 

Current  Alcohol  U 

se  (drinks/day) 

•  .  =: 
if 

lilt! 

>1-4 

>4 

Liver  Abscess  and  Sequelae  of 

Chronic  Liver  Disease 

-- 

- 

-- 

— 

Enlarged  Liver 

(Hepatomegaly) 

— 

-- 

-- 

— 

Other  Liver  Disorders 

Current  Hepatomegaly 

(n= 1,676) 

(n=369) 

(n=46) 

Yes 

0.7% 

1.6% 

0.0% 

0.141 

AST 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous)3 

r=0.114 

<0.001 

(discrete) 

High 

6.3% 

8.1% 

21.7% 

0.001 

ALT 

(n= 1,675) 

(n=369) 

(n=46) 

(continuous)3 

r=0.057 

0.009 

(discrete) 

High 

7.3% 

7.9% 

8.7% 

0.879 

GGT 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous)3 

'  r=0.255 

<0.001 

(discrete) 

High 

7.3% 

20.1% 

34.8% 

0.001 

Total  Bilirubin 

(n= 1,675) 

(n=369) 

(n=46) 

(continuous)3 

r-0.093 

<0.001 

(discrete) 

High 

5.7% 

5.4% 

15.2% 

0.023 

Direct  Bilirubin 

(n=l,675) 

(n=369) 

(n=46) 

High 

0.1% 

0.8% 

2.2% 

0.004 

Lactic  Dehydrogenase 

(n=l,675) 

(n=368) 

(n=45) 

(continuous)3 

r=-0.031 

0.159 

(discrete) 

High 

10.4% 

9.0% 

6.7% 

0.533 

Cholesterol 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=0.080 

<0.001 

(discrete) 

High 

13.7% 

19.8% 

19.6% 

0.009 

HDL  Cholesterol 

(n=  1,673) 

(n=369) 

(n=46) 

(continuous)3 

r=0.215 

<0.001 

(discrete) 

Low 

9.0% 

2.4% 

4.3% 

0.001 

Cholesterol-HDL  Ratio 

(n=  1,673) 

(n=369) 

(n=46) 

(continuous)3 

r=-0.152 

<0.001 

(discrete) 

High 

44.2% 

29.3% 

28.3% 

0.001 

Triglycerides 

(n=  1,675) 

(n=368) 

(n=46) 

(continuous)3 

r=0.015 

0.493 

(discrete) 

High 

20.6% 

21.7% 

28.3% 

0.417 

Creatine  Phosphokinase 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=-0.054 

0.013 

(discrete) 

High 

9.7% 

5.1% 

10.9% 

0.018 
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Table  F-5.  Dependent  Variabie-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Serum  Amylase 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous)3 

r=-0.074 

0.001 

(discrete) 

High 

3.0% 

3.3% 

0.0% 

0.471 

Antibodies  for  Hepatitis  A 

(n=l,698) 

(n=371) 

(n=50) 

Yes 

33.5% 

32.3% 

30.0% 

0.808 

Serological  Evidence  of  Prior 

(n=  1,696) 

(n=371) 

(n=50) 

Hepatitis  B 

Yes 

12.0% 

9.7% 

14.0% 

0.393 

Current  Hepatitis  B 

(n=  1,699) 

(n=371) 

(n=50) 

Yes 

0.1% 

0.0% 

2.0% 

0.002 

Antibodies  for  Hepatitis  C 

(n=l,699) 

(n=371) 

(n=50) 

Yes 

1.2% 

0.5% 

6.0% 

0.004 

Stool  Hemoccult 

(n=  1,633) 

(n=355) 

(n=42) 

Yes 

3.7% 

5.4% 

4.8% 

0.364 

Prealbumin 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=0.117 

<0.001 

(discrete) 

Low 

0.8% 

2.4% 

4.3% 

0.003 

Albumin 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=-0.015 

0.506 

(discrete) 

Low 

0.4% 

1.4% 

2.2% 

0.047 

a- 1 -Acid  Glycoprotein 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous)3 

r=0.093 

<0.001 

(discrete) 

High 

3.0% 

6.5% 

6.5% 

0.003 

a-2-Macroglobulin 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous)3 

r=-0.047 

0.031 

(discrete) 

High 

3.7% 

2.2% 

2.2% 

0.304 

Apolipoprotein  B 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=0.016 

0.472 

(discrete) 

High 

51.0% 

53.1% 

54.3% 

0.714 

C3  Complement 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=-0.132 

<0.001 

(discrete) 

Low 

1.6% 

4.6% 

0.0% 

0.001 

C4  Complement 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=~0.007 

0.752 

(discrete) 

Low 

0.1% 

0.5% 

0.0% 

0.233 

Haptoglobin 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=0.054 

0.013 

(discrete) 

High 

28.3% 

35.5% 

41.3% 

0.005 

Transferrin 

(n=  1,675) 

(n=369) 

(n=46) 

(continuous) 

r=0.050 

0.022 

(discrete) 

Low 

10.2% 

8.7% 

2.2% 

0.143 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Lifetime  Alcohol  History  (drink-years) 


tscpeuuciii 

Variable 

Level 

0 

>0-40 

>40 

p- Value 

Uncharacterized  Hepatitis 

(n=l  17) 

(n=  1,370) 

(n=612) 

Yes 

3.4% 

2.3% 

0.5% 

0.010 

Jaundice  (Unspecified) 

(n=115) 

(n=l,339) 

(n=603) 

Yes 

4.3% 

2.3% 

1.8% 

0.250 

Chronic  Liver  Disease  and 

— 

(n=l,378) 

(n=612) 

Cirrhosis  (Alcohol-related) 

Yes 

- 

1.3% 

12.6% 

0.001 

Chronic  Liver  Disease  and 

(n=118) 

(n=l,378) 

(n=616) 

Cirrhosis  (Non-alcohol-related) 

Yes 

1.7% 

1.8% 

0.2% 

0.011 

Liver  Abscess  and  Sequelae  of 

(n=118) 

(n=  1,379) 

(n=616) 

Chronic  Liver  Disease 

Yes 

0.0% 

0.1% 

0.2% 

0.786 

Enlarged  Liver  (Hepatomegaly) 

(n=118) 

(n=  1,377) 

(n=615) 

Yes 

0.8% 

1.0% 

4.2% 

0.001 

Other  Liver  Disorders 

(n=117) 

(n=  1,368) 

(n=613) 

Yes 

23.9% 

25.1% 

30.3% 

0.043 

Current  Hepatomegaly 

(n=118) 

(n=  1,363) 

(n=603) 

Yes 

0.0% 

0.7% 

1.3% 

0.190 

AST 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous)3 

r=0.068 

0.002 

(discrete) 

High 

6.8% 

6.1% 

9.0% 

0.071 

ALT 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous)3 

r=-0.007 

0.737 

(discrete) 

High 

10.2% 

7.3% 

7.0% 

0.474 

GGT 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous)3 

r=0.096 

<0.001 

(discrete) 

High 

4.2% 

8.7% 

14.9% 

0.001 

Total  Bilirubin 

(n=118) 

(n= 1,362) 

(n=603) 

(continuous)3 

r=0.016 

0.459 

(discrete) 

High 

3.4% 

5.7% 

6.5% 

0.415 

Direct  Bilirubin 

(n=118) 

(n=  1,362) 

(n=603) 

High 

0.0% 

0.1% 

0.8% 

0.013 

Lactic  Dehydrogenase 

(n=118) 

(n=  1,362) 

(n=60l) 

(continuous) 

r=0.001 

0.952 

(discrete) 

High 

14.4% 

10.4% 

8.3% 

0.096 

Cholesterol 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=0.035 

0.108 

(discrete) 

High 

11.9% 

14.0% 

17.9% 

0.047 

HDL  Cholesterol 

(n=118) 

(n=  1,360) 

(n=603) 

(continuous)3 

r=0.127 

<0.001 

(discrete) 

Low 

14.4% 

8.4% 

4.8% 

0.001 

Cholesterol-HDL  Ratio 

(n=118) 

(n=  1,360) 

(n=603) 

(continuous)3 

r=-0.098 

<0.001 

(discrete) 

High 

53.4% 

43.3% 

34.2% 

0.001 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Dependent 

Variable 

Lifetime  Alcohol  History  (drink-years) 

Level 

0 

>0-40 

>40 

I15SH 

Triglycerides 

(n=118) 

(n=  1,361) 

(n=603) 

(continuous)3 

r=-0.006 

0.797 

(discrete) 

High 

20.3% 

21.0% 

21.2% 

0.976 

Creatine  Phosphokinase 

(n=118) 

(n=l,362) 

(n=603) 

(continuous)3 

r=-0.029 

0.188 

(discrete) 

High 

6.8% 

9.7% 

7.3% 

0.163 

Serum  Amylase 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=-0.022 

0.323 

(discrete) 

High 

5.1% 

2.8% 

3.2% 

0.369 

Antibodies  for  Hepatitis  A 

(n=118) 

(n=l,378) 

(n=616) 

Yes 

45.8% 

30.9% 

35.9% 

0.001 

Serological  Evidence  of  Prior 

(n=118) 

(n=l,376) 

(n=616) 

Hepatitis  B 

Yes 

5.9% 

10.2% 

16.1% 

0.001 

Current  Hepatitis  B 

(n=118) 

(n=l,379) 

(n=616) 

Yes 

0.0% 

0.1% 

0.2% 

0.911 

Antibodies  for  Hepatitis  C 

(n=118) 

(n=l,379) 

(n=616) 

Yes 

0.0% 

1.0% 

1.9% 

0.100 

Stool  Hemoccult 

(n=107) 

(n=l,331) 

(n=585) 

Yes 

4.7% 

3.6% 

5.0% 

0.364 

Prealbumin 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=0.030 

0.170 

(discrete) 

Low 

1.7% 

0.6% 

2.3% 

0.003 

Albumin 

(n=118) 

(n= 1,362) 

(n=603) 

(continuous) 

r=-0.030 

0.176 

(discrete) 

Low 

0.8% 

0.5% 

0.8% 

0.680 

a- 1 -Acid  Glycoprotein 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous)3 

r=0.094 

<0.001 

(discrete) 

High 

3.4% 

3.1% 

5.1% 

0.082 

a- 1 -Antitrypsin 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=0.077 

0.001 

(discrete) 

Abn.  Low 

0.8% 

1.3% 

1.5% 

0.259 

Normal 

97.5% 

98.3% 

97.5% 

Abn.  High 

1.7% 

0.4% 

1.0% 

oc-2-Macroglobulin 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous)3 

r=0.015 

0.501 

(discrete) 

High 

9.3% 

2.9% 

3.3% 

0.001 

Apolipoprotein  B 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=-0.002 

0.919 

(discrete) 

High 

50.8% 

51.8% 

50.9% 

0.921 

C3  Complement 

(n=118) 

(n=  1,362) 

(n=603) 

(continuous) 

r=_0.046 

0.034 

(discrete) 

Low 

0.0% 

1.9% 

2.8% 

0.114 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Dependent 

Variable 

■I  i  ft  f 

■BUMi 

Lifetime  > 

dcohol  History 

(drink-years) 

I*vel 

■  f  ?  Ms  -4'  4 

]fi.i  um 

M0 

>40 

p-Value 

C4  Complement 

(n=l 18) 

(n= 

1,362) 

(n=603) 

(continuous)3 

r=0.009 

0.668 

(discrete) 

Low 

0.0% 

0.2% 

0.2% 

0.858 

Haptoglobin 

(n=118) 

(n= 

1,362) 

(n=603) 

(continuous) 

r=0.082 

<0.001 

(discrete) 

High 

30.5% 

27.8% 

34.2% 

0.018 

Transferrin 

(n=118) 

(n= 

1,362) 

(n=603) 

(continuous)3 

r=0.003 

0.893 

(discrete) 

Low 

11.9% 

9.0% 

11.1% 

0.265 

||;| } 

Mjlff 

Industrial 

|  ^  |  r  , 

^  J,  f  ^  / 

£  #.S-  o' 

»sore 

vLaWe 1 

Level 

No 

-iJBSRl 

15551 

No 

1 1:1  If  II  ii 

Val 

Uncharacterized 

(n=797) 

(n=l,310) 

(n=748) 

(n=  1,359) 

Hepatitis 

Yes 

1.3% 

2.1% 

0.191 

1.6% 

1.9% 

0.735 

Jaundice 

(n=778) 

(n=  1,287) 

(n=734) 

(n=  1,331) 

(Unspecified) 

Yes 

2.7% 

2.0% 

0.395 

2.0% 

2.4% 

0.710 

Chronic  Liver  Disease 

(n=756) 

(n=  1,242) 

(n=71 1) 

(n=  1,287) 

and  Cirrhosis  of  the 

Yes 

3.3% 

5.6% 

0.024 

4.2% 

5.1% 

0.468 

Liver  (Alcohol- 

related) 

Chronic  Liver  Disease 

(n=804) 

(n=l,316) 

(n=755) 

(n=l,365) 

and  Cirrhosis  of  the 

Yes 

1.1% 

1.4% 

0.661 

1.2% 

1.4% 

0.851 

Liver  (Non-alcohol- 

related) 

Liver  Abscess  and 

(n=804) 

(n=l,317) 

(n=755) 

(n=  1,366) 

Sequelae  of  Chronic 

Yes 

0.1% 

0.1% 

0.999 

0.1% 

0.1% 

0.999 

Liver  Disease 

Enlarged  Liver 

(n=803) 

(n=l,315) 

(n=754) 

(n=  1,364) 

(Hepatomegaly) 

Yes 

1.9% 

2.0% 

0.988 

1.9% 

2.0% 

0.975 

Other  Liver  Disorders 

(n=796) 

(n=l,310) 

(n=750) 

(n=  1,356) 

Yes 

26.0% 

27.0% 

0.644 

25.5% 

27.3% 

0.394 

Current  Hepatomegaly 

(n=799) 

(n= 1,292) 

(n=749) 

(n= 1,342) 

Yes 

1.1% 

0.6% 

0.315 

0.5% 

1.0% 

0.420 

AST 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =23.33 

x  =22.69 

0.063 

x  =23.17 

x  =22.80 

0.294 

(discrete) 

High 

7.1% 

6.8% 

0.850 

7.2% 

6.8% 

0.783 

ALT 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =42.58 

x  =42.45 

0.805 

x  =42.33 

x  =42.60 

0.619 

(discrete) 

High 

7.8% 

7.2% 

0.700 

7.1% 

7.6% 

0.721 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Dependent 

Variable 

Degreasing Chemical  Exposure 

Level 

No 

Yes 

ISIlllliSS 

Yes  : 

GGT 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =43.27 

x  =42.88 

0.717 

x  =42.55 

x  =43.29 

0.494 

(discrete) 

High 

10.0% 

10.3% 

0.890 

8.9% 

10.9% 

0.183 

Alkaline  Phosphatase 

(n=799) 

(n=l,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =79.87 

x  =80.94 

0.266 

x  =79.91 

x  =80.88 

0.324 

(discrete) 

High 

2.6% 

1.9% 

0.371 

2.8% 

1.9% 

0.212 

Total  Bilirubin 

(n=799) 

(n=l,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =0.533 

x  =0.5 11 

0.052 

x  =0.536 

x  =0.510 

0.020 

(discrete) 

High 

5.6% 

6.0% 

0.827 

5.6% 

6.0% 

0.812 

Direct  Bilirubin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

High 

0.4% 

0.2% 

0.862 

0.3% 

0.3% 

0.999 

Lactic  Dehydrogenase 

(n=797) 

(n=  1,291) 

(n=747) 

(n=  1,341) 

(continuous)3 

x  =153.8 

x  =154.0 

0.856 

x  =153.9 

x  =153.9 

0.962 

(discrete) 

High 

9.5% 

10.4% 

0.584 

9.8% 

10.2% 

0.805 

Cholesterol 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)15 

x  =210.2 

x  =212.4 

0.193 

x  =210.0 

x  =212.5 

0.157 

(discrete) 

High 

14.0% 

15.5% 

0.392 

13.5% 

15.7% 

0.187 

HDL  Cholesterol 

(n=798) 

(n= 1,290) 

(n=749) 

(n=  1,339) 

(continuous)3 

x  =45.81 

x  =44.33 

0.005 

x  =46.07 

x  =44.25 

0.001 

(discrete) 

Low 

6.0% 

8.8% 

0.028 

5.9% 

8.7% 

0.023 

Cholesterol-HDL 

Ratio 

(n=798) 

(n= 1,290) 

(n=749) 

(n=  1,339) 

(continuous)* 

x  =4.55 

x  =4.75 

<0.001 

x  =4.52 

x  =4.76 

<0.001 

(discrete) 

High 

35.7% 

44.7% 

0.001 

36.2% 

44.1% 

0.001 

Triglycerides 

(n=799) 

(n=  1,290) 

(n=749) 

(n=  1,340) 

(continuous)3 

x  =116.4 

x  =124.9 

0.013 

x  =114.7 

x  =125.6 

0.002 

(discrete) 

High 

18.5% 

22.5% 

0.035 

17.9% 

22.7% 

0.012 

Creatine 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

Phosphokinase 

(continuous)3 

x  =104.8 

x  =106.5 

0.568 

x  =107.7 

x  =104.8 

0.321  . 

(discrete) 

High 

8.0% 

9.5% 

0.270 

9.5% 

8.7% 

0.578 

Serum  Amylase 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)3 

x  =56.47 

x  =57.14 

0.489 

x  =56.75 

x  =56.95 

0.839 

(discrete) 

High 

3.4% 

2.8% 

0.525 

3.3% 

2.8% 

0.608 

Antibodies  for 

(n=804) 

(n=l,316) 

(n=755) 

(n=  1,365) 

Hepatitis  A 

Yes 

33.2% 

33.2% 

0.999 

34.0% 

32.7% 

0.578 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


Degreasing  Chemical  Exposure 

Variable 

Level 

No 

Yes 

■ 

p-Value 

No 

Yes 

p- Value 

Serological  Evidence 
of  Prior  Hepatitis  B 
Infection 

Yes 

(n=803) 

10.1% 

(n=l,315) 

12.6% 

0.090 

(n=755) 

10.6% 

(n=  1,363) 
12.3% 

0.286 

Current  Hepatitis  B 

Yes 

(n=804) 

0.1% 

(n=l,317) 

0.2% 

0.999 

(n=755) 

0.1% 

(n= 1,366) 

0.1% 

0.999 

Antibodies  for 

Hepatitis  C 

Yes 

(n=804) 

0.5% 

(n=l,317) 

1.7% 

0.022 

(n=755) 

0.7% 

(n=l,366) 

1.6% 

0.096 

Stool  Hemoccult 

Yes 

(n=781) 

5.4% 

(n= 1,249) 
3.2% 

0.021 

(n=726) 

4.8% 

(n=  1,304) 

3.6% 

0.224 

Prealbumin 

(n=799) 

(n=l,291) 

(n=749) 

(n=  1,341) 

(continuous) 

(discrete) 

High 

x  =29.80 
1.3% 

x  =29.45 
1.1% 

0.130 

0.891 

x  =29.69 
1.1% 

x  =29.52 

1.2% 

0.452 

0.966 

Albumin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous) 

(discrete) 

High 

x  =4,207.4 
0.8% 

x  =4,193.6 
0.5% 

0.364 

0.761 

x  =4,222.3 
0.5% 

x  =4,185.8 
0.7% 

0.017 

0.927 

a- 1 -Acid  Glycoprotein 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)8 

(discrete) 

High 

x  =83.38 
3.4% 

x  =84.97 
3.9% 

0.061 

0.643 

x  =83.46 
3.9% 

x  =84.86 

3.6% 

0.103 

0.826 

a- 1 -Antitrypsin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)*5 

(discrete) 

Abn.  Low 
Normal 
Abn.  High 

x  =145.7 
2.1% 
97.0% 
0.9% 

x  =149.3 
0.9% 
98.6% 
0.5% 

0.001 

0.037 

x  =146.2 
1.6% 
97.7% 
0.7% 

x  =148.9 

1.3% 

98.1% 

0.6% 

0.023 

0.805 

a-2-Macroglobulin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)8 

(discrete) 

High 

x  =171.7 
2.6% 

x  =170.6 
3.9% 

0.560 

0.161 

x  =171.8 
3.2% 

x  =170.6 

3.5% 

0.529 

0.812 

Apolipoprotein  B 

(n=799) 

(n=  1,291) 

(n=749) 

(n=l,341) 

(continuous)*5 

(discrete) 

High 

x  =110.4 
50.8% 

x  =111.5 
51.9% 

0.319 

0.662 

x  =110.0 
49.3% 

x  =111.7 
52.7% 

0.131 

0.141 

C3  Complement 

(n=799) 

(n=l,291) 

(n=749) 

(n=  1,341) 

(continuous)8 

(discrete) 

Low 

x  =116.7 
1.9% 

x  =119.9 
2.2% 

<0.001 

0.766 

x  =116.6 
2.4% 

x  =119.9 

1.9% 

<0.001 

0.502 

C4  Complement 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)8 

(discrete) 

Low 

x  =25.51 
0.4% 

x  =26.02 
0.1% 

0.029 

0.317 

x  =25.63 
0.5% 

x  =25.94 

0.0% 

0.204 

0.031 

Haptoglobin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)*5 

(discrete) 

High 

x  =125.8 
26.5% 

x  =132.7 
31.9% 

0.013 

0.010 

x  =124.2 
25.8% 

x  =133.4 
32.1% 

0.001 

0.003 
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Table  F-5.  Dependent  Variable-Covariate  Associations  for  the  Gastrointestinal 
Assessment  (Continued) 


i.  >-r- - —l 

Industrial  Chemical  Exposure  | 

Degreasing  Chemical  Exposure 

Variable 

Level 

No 

Yes 

p-Value 

No 

Yes 

p-Valtie 

Transferrin 

(n=799) 

(n=  1,291) 

(n=749) 

(n=  1,341) 

(continuous)a 

x  =250.3 

x  =251.2 

0.568 

x  =248.2 

x  =252.4 

0.009 

(discrete) 

Low 

8.8% 

10.4% 

0.256 

9.5% 

9.9% 

0.805 

||||  f-f  f| 

Current  Wir 

ie  Consumptin 
wine/day) 

m  (drinks  of 

Urn  t  mt 

Lifetime  ¥ 

j?  ,;V  -£  3ft 

fine  History  (d 
of  wine) 

rink-years 

Variable 

Level 

%  i  --f  y 

0 

>0 

p-Value 

Alkaline  Phosphatase 

(n=l,199) 

(n=891) 

(n=585) 

(n=  1,500) 

(continuous)3 

r=_0.095 

<0.001 

r=-l 

3.091 

<0.001 

(discrete) 

High 

2.6% 

1.7% 

0.215 

2.2% 

2.2% 

0.999 

a- 1-  Antitrypsin 

(n=l,199) 

(n=891) 

- 

- 

- 

(continuous) 

r=-0.077 

<0.001 

— 

— 

(discrete) 

Abn.  Low 

1.0% 

1.9% 

0.031 

— 

— 

— 

Normal 

98.1% 

97.9% 

-- 

- 

- 

Abn.  High 

0.9% 

0.2% 

— 

— 

— 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
b  Analysis  performed  on  square  root  scale;  means  transformed  from  square  root  scale. 

— :  Co  variate  or  co  variate  category  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular  Assessment 


^  It* 

Age 

i !,  - 

Race 

Dependent  Variable 

Level 

Born  2:1942 

Born  <1942 

p-Value 

Black 

Non-Black 

p-Value 

Essential  Hypertension 

Yes 

(n=919) 

32.9% 

(n=  1,151) 
48.0% 

0.001 

(n=123) 

47.2% 

(n=  1,947) 
40.9% 

0.202 

Heart  Disease 
(Excluding  Essential 

Yes 

(n=925) 

52.3% 

(n=l,166) 

71.4% 

0.001 

(n=124) 

69.4% 

(n=  1,967) 
62.6% 

0.156 

Hypertension) 
Myocardial  Infarction 

Yes 

(n=925) 

3.7% 

(n=l,166) 

12.2% 

0.001 

(n=124) 

5.6% 

(n=  1,967) 
8.6% 

0.327 

Stroke  or  Transient 
Ischemia  Attack 

Yes 

(n=925) 

0.8% 

(n=l,166) 

1.5% 

0.149 

(n=124) 

1.6% 

(n= 1,967) 
1.2% 

0.988 

Systolic  Blood  Pressure 
(mm  Hg) 

(continuous)3 

(n=925)  (n=l,166) 

r=0.214 

<0.001 

(n=124) 

x  =126.7 

(n=  1,967) 

x  =125.2 

0.377 

(discrete) 

High 

13.9% 

26.9% 

0.001 

20.2% 

21.3% 

0.861 

Diastolic  Blood 

Pressure  (mm  Hg) 

(continuous)15 

(n=925) 

r=- 

(n=l,166) 

■0.057 

0.009 

(n=124) 

x  =76.69 

(n= 1,967) 

x  =74.46 

0.010 

(discrete) 

High 

5.3% 

4.9% 

0.747 

8.9% 

4.8% 

0.075 

Heart  Sounds 

Abnormal 

(n=925) 

2.4% 

(n=l,166) 

6.1% 

0.001 

(n=124) 

4.8% 

(n= 1,967) 
4.4% 

0.999 

Overall 

Electrocardiograph 

Abnormal 

(n=925) 

19.1% 

(n=l,166) 

40.7% 

0.001 

(n=124) 

35.5% 

(n= 1,967) 
30.9% 

0.334 

(ECG) 

ECG:  Right  Bundle 
Branch  Block 

Yes 

(n=925) 

0.9% 

(n=l,166) 

3.9% 

0.001 

(n=124) 

3.2% 

(n=  1,967) 
2.5% 

0.862 

ECG:  Left  Bundle 
Branch  Block 

Yes 

(n=925) 

0.4% 

(n=l,166) 

1.1% 

0.139 

(n=124) 

0.0% 

(n=  1,967) 
0.9% 

0.600 

ECG:  Non-specific  ST- 
and  T-Wave  Changes 

Yes 

(n=925) 

11.8% 

(n=l,166) 

23.4% 

\ 

0.001 

(n=124) 

22.6% 

(n= 1,967) 
18.0% 

0.245 

ECG:  Bradycardia 

Yes 

(n=925) 

3.1% 

(n=  1,166) 
3.8% 

0.503 

(n=124) 

1.6% 

(n= 1,967) 
3.6% 

0.356 

ECG:  Tachycardia 

Yes 

(n=925) 

0.3% 

(n=  1,166) 
0.6% 

0.555 

(n=124) 

0.8% 

(n= 1,967) 
0.5% 

0.999 

ECG:  Arrhythmia 

Yes 

(n-b<25) 

2.4% 

(n=  1,166) 
8.3% 

0.001 

(n=124) 

5.6% 

(n= 1,967) 
5.7% 

0.999 

ECG:  Evidence  of  Prior 
Myocardial  Infarction 

Yes 

(n=925) 

1.8% 

(n=l,166) 

6.0% 

0.001 

(n=124) 

1.6% 

(n= 1,967) 
4.3% 

0.218 

ECG:  Other  Diagnoses 

Yes 

(n=925) 

0.2% 

(n=  1,166) 
0.2% 

0.999 

(n=124) 

0.8% 

(n= 1,967) 
0.2% 

0.578 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


v  %  $  i;# 

i  „  '•  j 

Age 

.?■  1  wmM 

Race 

Dependent  Variable 

Level 

Born  £1942  Born  <1942 

p-Value 

Non-Black 

p-Value 

Funduscopic 

Examination 

Abnormal 

(n=925) 

6.4% 

(n=  1,164) 
17.4% 

0.001 

(n=I24) 

16.1% 

(n=  1,965) 
12.3% 

0.262 

Carotid  Bruits 

Present 

(n=925) 

U% 

(n=  1,166) 
3.9% 

0.001 

(n=124) 

3.2% 

(n= 1,967) 
2.6% 

0.918 

Radial  Pulses 

Abnormal 

(n=925) 

0.5% 

(n=l,166) 

0.5% 

0.999 

(n=124) 

2.4% 

(n=  1,967) 
0.4% 

0.018 

Femoral  Pulses 

Abnormal 

(n=925) 

0.8% 

(n=l,165) 

2.3% 

0.009 

(n=124) 

3.2% 

(n= 1,966) 
1.5% 

0.278 

Popliteal  Pulses 

Abnormal 

(n=925) 

1.1% 

(n=  1,164) 
3.5% 

0.001 

(n=124) 

4.0% 

(n=  1,965) 
2.3% 

0.377 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=925) 

4.4% 

(n=  1,164) 
10.6% 

0.001 

(n=124) 

11.3% 

(n=  1,965) 
7.6% 

0.195 

Posterior  Tibia!  Pulses 

Abnormal 

(n=925) 

3.0% 

(n=l,162) 

8.1% 

0.001 

(n=124) 

6.5% 

(n=  1,963) 
5.8% 

0.921 

Leg  Pulses 

Abnormal 

(n=925) 

5.6% 

(n=  1,162) 
14.2% 

1 

0.001 

(n=124) 

14.5% 

(n=  1,963) 
10.1% 

0.162 

Peripheral  Pulses 

Abnormal 

(n=925) 

5.8% 

(n=l,162) 

14.5% 

0.001 

(n=124) 

16.1% 

(n=  1,963) 
10.3% 

0.061 

Intermittent 
Claudication  and 

Abnormal 

(n=924) 

3.0% 

(n=l,166) 

4.3% 

0.164 

(n=124) 

3.2% 

(n=  1,966) 
3.8% 

0.950 

Vascular  Insufficiency 
(ICVI)  Index _ 


.  -  :  >  ;;  :  ;■  ^ 
f Ws  :? .  m-Mm  111  .1 

itt 

:  ■  :::  '  -  i  5 

f  IUB 

— w 

III 

..  |  M  %  P  ’fT 
;  ::  -  *  ;■ 

Level 

mi  ill 

Officer 

En.isUdn.er 

1BI 

p-Value 

Essential  Hypertension 

Yes 

(n=809) 

40.4% 

(n=333) 

45.3% 

(n=928) 

40.5% 

0.254 

Heart  Disease  (Excluding  Essential 
Hypertension) 

Yes 

(n=818) 

68.7% 

(n=335) 

66.6% 

(n=938) 

56.7% 

0.001 

Myocardial  Infarction 

Yes 

(n=818) 

8.6% 

(n=335) 

9.3% 

(n=938) 

8.0% 

0.763 

Stroke  or  Transient  Ischemia  Attack 

Yes 

(n=8 1 8) 
1.2% 

(n=335) 

0.9% 

(n=938) 

1.3% 

0.854 

Systolic  Blood  Pressure  (mm  Hg) 

(n=818) 

(n=335) 

(n=938) 

(continuous)3 

(discrete) 

High 

x  =126.1 
23.2% 

x  =127.1 
23.6% 

x  =123.9 
18.6% 

0.005 

0.029 

Diastolic  Blood  Pressure  (mm  Hg) 

(n=818) 

(n=335) 

(n=938) 

(continuous)15 

(discrete) 

High 

x  =74.19 
5.1% 

x  =75.16 
4.8% 

x  =74.74 
5.1% 

0.224 

0.965 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  ( Continued ) 


Occupation 

Enlisted 


Dependent  Variable 

Level 

*  I'^fficer 

Enlisted  Flyer 

Groundcrew 

p-Vatoe 

Heart  Sounds 

Abnormal 

(n=8 1 8) 
4.5% 

(n=335) 

5.4% 

(n=938) 

4.1% 

0.597 

Overall  Electrocardiograph  (ECG) 

Abnormal 

(n=818) 

34.6% 

(n=335) 

36.4% 

(n=938) 

26.3% 

0.001 

ECG:  Right  Bundle  Branch  Block 

Yes 

(n=818) 

2.6% 

(n=335) 

4.5% 

(n=938) 

1.9% 

0.040 

ECG:  Left  Bundle  Branch  Block 

Yes 

(n=818) 

1.0% 

(n=335) 

0.3% 

(n=938) 

0.9% 

0.498 

ECG:  Non-specific  ST-  and  T-Wave 
Changes 

Yes 

(n=818) 

20.2% 

(n=335) 

20.0% 

(n=938) 

16.0% 

0.052 

ECG:  Bradycardia 

Yes 

(n=818) 

5.6% 

(n=335) 

3.0% 

(n=938) 

1.8% 

0.001 

ECG:  Tachycardia 

Yes 

(n=818) 

0.2% 

(n=335) 

0.9% 

(n=938) 

0.5% 

0.329 

ECG:  Arrhythmia 

Yes 

(n=818) 

6.1% 

(n=335) 

7.5% 

(n=938) 

4.7% 

0.137 

ECG:  Evidence  of  Prior  Myocardial 
Infarction 

Yes 

(n=818) 

4.6% 

(n=335) 

4.8% 

(n=938) 

3.5% 

0.412 

ECG:  Other  Diagnoses 

Yes 

(n=818) 

0.1% 

(n=335) 

0.0% 

(n=938) 

0.3% 

0.436 

Funduscopic  Examination 

Abnormal 

(n=817) 

11.1% 

(n=334) 

18.6% 

(n=938) 

11.5% 

0.001 

Carotid  Bruits 

Present 

(n=818) 

2.2% 

(n=335) 

3.9% 

(n=938) 

2.7% 

0.276 

Radial  Pulses 

Abnormal 

(n=818) 

0.5% 

(n=335) 

0.0% 

(n=938) 

0.7% 

0.264 

Femoral  Pulses 

Abnormal 

(n=818) 

1.8% 

(n=334) 

2.4% 

(n=938) 

1.2% 

0.265 

Popliteal  Pulses 

Abnormal 

(n=817) 

2.3% 

(n=334) 

2.7% 

(n=938) 

2.5% 

0.934 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=817) 

7.2% 

(n=334) 

10.5% 

(n=938) 

7.5% 

0.147 

Posterior  Tibial  Pulses 

Abnormal 

(n=817) 

5.5% 

(n=332) 

8.1% 

(n=938) 

5.3% 

0.151 

Leg  Pulses 

Abnormal 

(n=817) 

9.3% 

(n=332) 

14.2% 

(n=938) 

10.0% 

0.044 

Peripheral  Pulses 

Abnormal 

(n=817) 

9.7% 

(n=332) 

14.2% 

(n=938) 

10.3% 

0.075 

ICVI  Index 

Abnormal 

(n=818) 

3.4% 

(n=335) 

5.7% 

(n=937) 

3.3% 

0.123 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


_ Lifetime  Alcohol  History  (drink-years) 


■  Level  1 1 1 

0 

>0-40 

>40 

p-Value 

Essential  Hypertension 

(n=l 18) 

(n=  1,348) 

(n=596) 

Yes 

39.0% 

38.5% 

48.2% 

0.001 

Heart  Disease  (Excluding  Essential 

(n=118) 

(n= 1,360) 

(n=605) 

Hypertension) 

Yes 

62.7% 

63.0% 

63.1% 

0.996 

Myocardial  Infarction 

(n=118) 

(n=  1,360) 

(n=605) 

Yes 

10.2% 

7.9% 

9.4% 

0.410 

Stroke  or  Transient  Ischemia  Attack 

(n=118) 

(n=  1,360) 

(n=605) 

Yes 

1.7% 

1.0% 

1.7% 

0.373 

Systolic  Blood  Pressure  (mm  Hg) 

(n=118) 

(n= 1,360) 

(n=605) 

(continuous)3 

r=0.086 

<0.001 

(discrete) 

High 

19.5% 

19.9% 

24.6% 

0.051 

Diastolic  Blood  Pressure  (mm  Hg) 

(n=118) 

(n=  1,360) 

(n=605) 

(continuous) 

r=0.034 

0.126 

(discrete) 

High 

3.4% 

4.8% 

6.1% 

0.317 

Heart  Sounds 

(n=118) 

(n= 1,360) 

(n=605) 

Abnormal 

4.2% 

4.0% 

5.5% 

0.374 

Overall  Electrocardiograph  (ECG) 

(n=118) 

(n= 1,360) 

(n=605) 

0.082 

Abnormal 

39.0% 

29.9% 

32.6% 

ECG:  Right  Bundle  Branch  Block 

(n=118) 

(n= 1,360) 

(n=605) 

Yes 

1.7% 

2.7% 

2.5% 

0.781 

ECG:  Left  Bundle  Branch  Block 

(n=118) 

(n=  1,360) 

(n=605) 

Yes 

0.8% 

1.0% 

0.5% 

0.578 

ECG:  Non-specific  ST-  and  T- 

(n=118) 

(n=  1,360) 

(n=605) 

Wave  Changes 

Yes 

26.3% 

18.5% 

15.9% 

0.024 

ECG:  Bradycardia 

(n=118) 

(n=  1,360) 

(n=605) 

Yes 

0.8% 

3.2% 

4.6% 

0.072 

ECG:  Tachycardia 

(n=118) 

(n= 1,360) 

(n=605) 

0.029 

Yes 

1.7% 

0.2% 

0.8% 

ECG:  Arrhythmia 

(n=118) 

(n= 1,360) 

(n=605) 

0.093 

Yes 

9.3% 

6.0% 

4.5% 

ECG:  Evidence  of  Prior 

(n=l  18) 

(n= 1,360) 

(n=605) 

Myocardial  Infarction 

Yes 

5.1% 

4.3% 

3.8% 

0.786 

ECG:  Other  Diagnoses 

(n=l  18) 

(n= 1,360) 

(n=605) 

Yes 

0.0% 

0.2% 

0.2% 

0.857 

Funduscopic  Examination 

(n=l 18) 

(n=  1,359) 

(n=604) 

0.057 

Abnormal 

14.4% 

11.2% 

14.9% 

Carotid  Bruits 

(n=l 18) 

(n= 1,360) 

(n=605) 

Present 

2.5% 

2.3% 

3.6% 

0.228 

Radial  Pulses 

(n= 118) 

(n=  1,360) 

(n=605) 

Abnormal 

0.0% 

0.2% 

1.3% 

0.006 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Lifetime  Alcohol  History  (dnnk^years) 

Dependent  Variable 

-  '  f  W  I  .  : 

Level 

o 

A  .. 

>0*40 

>40 

Femoral  Pulses 

Abnormal 

(n=l  18) 
0.0% 

(n=  1,359) 
1.1% 

(n=605) 

3.1% 

0.002 

Popliteal  Pulses 

Abnormal 

(n=l 18) 
0.8% 

(n=l,358) 

1.9% 

(n=605) 

4.0% 

0.013 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=l  18) 
8.5% 

(n=l,358) 

6.6% 

(n=605) 

10.6% 

0.009 

Posterior  Tibial  Pulses 

Abnormal 

(n=l 18) 
3.4% 

(n= 1,356) 
5.2% 

(n=605) 

7.9% 

0.027 

Leg  Pulses 

Abnormal 

(n=l 18) 
11.0% 

(n=  1,356) 
9.0% 

(n=605) 

13.4% 

0.013 

Peripheral  Pulses 

Abnormal 

(n=118) 

11.0% 

(n=  1,356) 
9.1% 

(n=605) 

14.0% 

0.005 

ICVI  Index 

Abnormal 

(n=118) 

1.7% 

(n=  1,360) 
3.5% 

(n=605) 

4.6% 

0.239 

Dependent  Variable 

•  tevei ::  ’’ 

3  r:  '  :S  ■  ;  '  3  ■ 

Current  Alcoh 

.  1 

04  ■: 

>1-4 

•m  t  :'*i  ¥.  s  y  -■3M-  St- # 

:  ■  >4  ;  : 

p-Vsiue 

Essential  Hypertension 

Heart  Disease  (Excluding  Essential 

Hypertension) 

— 

— 

— 

" 

Myocardial  Infarction 

Stroke  or  Transient  Ischemia  Attack 

Systolic  Blood  Pressure  (mm  Hg) 

(n=  1,673) 

(n=367) 

(n=50) 

(continuous)3 

r=0.008 

0.715 

(discrete) 

High 

20.8% 

24.0% 

14.0% 

0.182 

Diastolic  Blood  Pressure  (mm  Hg) 

(n=  1,673) 

(n=367) 

(n=50) 

(continuous) 

r=0.025 

0.253 

(discrete) 

High 

4.8% 

5.7% 

8.0% 

0.497 

Heart  Sounds 

(n=l,673) 

(n=367) 

(n=50) 

Abnormal 

4.7% 

3.5% 

4.0% 

0.634 

Overall  Electrocardiograph  (ECG) 

(n= 1,673) 

(n=367) 

(n=50) 

Abnormal 

30.6% 

34.6% 

26.0% 

0.236 

ECG:  Right  Bundle  Branch  Block 

(n=  1,673) 

(n=367) 

(n=50) 

Yes 

2.7% 

2.2% 

2.0% 

0.827 

ECG:  Left  Bundle  Branch  Block 

(n=l,673) 

(n=367) 

(n=50) 

Yes 

0.8% 

0.8% 

2.0% 

0.638 

ECG:  Non-specific  ST-  and 

(n= 1,673) 

(n=367) 

(n=50) 

T-Wave  Changes 

Yes 

18.7% 

17.4% 

10.0% 

0.263 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


f'ki  |  lit 

C 

urrent  Alcohol  1 

Jse  (drinks 

/day) 

Dependent  Variable 

Level 

6-1 

>1-4 

>4 

p-Value 

ECG:  Bradycardia 

Yes 

(n=  1,673) 

3.2% 

(n=367) 

5.2% 

(n=50) 

2.0% 

0.139 

ECG:  Tachycardia 

Yes 

(n=  1,673) 

0.5% 

(n=367) 

0.5% 

(n=50) 

0.0% 

0.872 

ECG:  Arrhythmia 

Yes 

(n= 1,673) 

5.5% 

(n=367) 

6.8% 

(n=50) 

4.0% 

0.538 

ECG:  Evidence  of  Prior 

Myocardial  Infarction 

Yes 

(n=  1,673) 

4.4% 

(n=367) 

3.3% 

(n=50) 

4.0% 

0.636 

ECG:  Other  Diagnoses 

Yes 

(n=  1,673) 

0.2% 

(n=367) 

0.3% 

(n=50) 

0.0% 

0.889 

Funduscopic  Examination 

Abnormal 

(n=  1,671) 

12.6% 

(n=367) 

11.7% 

(n=50) 

14.0% 

0.846 

Carotid  Bruits 

Present 

(n= 1,673) 

2.6% 

(n=367) 

3.3% 

(n=50) 

0.0% 

0.390 

Radial  Pulses 

Abnormal 

(n=  1,673) 

0.3% 

(n=367) 

1.6% 

(n=50) 

0.0% 

0.005 

Femoral  Pulses 

Abnormal 

(n= 1,672) 

1.0% 

(n=367) 

4.4% 

(n=50) 

4.0% 

0.001 

Popliteal  Pulses 

Abnormal 

(n= 1,672) 

1.9% 

(n=366) 

4.9% 

(n=50) 

4.0% 

0.002 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=  1,672) 

7.3% 

(n=366) 

10.1% 

(n=50) 

10.0% 

0.165 

Posterior  Tibial  Pulses 

Abnormal 

(n= 1,670) 

5.0% 

(n=366) 

9.3% 

(n=50) 

10.0% 

0.003 

Leg  Pulses 

Abnormal 

(n= 1,670) 

9.6% 

(n=366) 

13.4% 

(n=50) 

14.0% 

0.073 

Peripheral  Pulses 

Abnormal 

(n= 1,670) 

9.8% 

(n=366) 

14.2% 

(n=50) 

14.0% 

0.036 

ICVI  Index 

Abnormal 

(n=  1,673) 

3.5% 

(n=367) 

4.1% 

(n=50) 

8.0% 

0.239 

;  •  -  ' 

— 

Lifetime  C 

_  _ . 

History  <i 

ttcfc-years) 

1  L{ 

Level 

A 

0 

>6-10 

>ie 

p- Value 

Essential  Hypertension 

Yes 

(n=582) 

38.0% 

(n=543) 

43.1% 

(n=942) 

42.3% 

0.155 

Heart  Disease  (Excluding  Essential 
Hypertension) 

Yes 

(n=587) 

61.2% 

(n=550) 

62.9% 

(n=951) 

64.2% 

0.474 

Myocardial  Infarction 

Yes 

(n=587) 

4.9% 

(n=550) 

5.6% 

(n=951) 

12.2% 

0.001 

Stroke  or  Transient  Ischemia  Attack 

Yes 

(n=587) 

0.9% 

(n=550) 

1.1% 

(n=951) 

1.4% 

0.647 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Lifetime  Cigarette  Smoking  History  (pack-years) 


Dependent  Variable 

1 1  Level  |:| 

:  .  0  J  , 

>0-10 

>10 

p>Value 

Systolic  Blood  Pressure  (mm  Hg) 

(continuous)3 

(discrete) 

High 

(n=587) 

19.9% 

(n=550) 

r=0.044 

20.0% 

(n=95 1 ) 

22.6% 

0.045 

0.338 

Diastolic  Blood  Pressure  (mm  Hg) 
(continuous) 

(discrete) 

High 

(n=587) 

4.1% 

(n=550) 

r=-0.066 

7.8% 

(n=951) 

4.1% 

0.003 

0.003 

Heart  Sounds 

Abnormal 

(n=587) 

2.9% 

(n=550) 

4.5% 

(n=951) 

5.4% 

0.074 

Overall  Electrocardiograph  (ECG) 

Abnormal 

(n=587) 

28.3% 

(n=550) 

27.6% 

(n=951) 

35.0% 

0.002 

ECG:  Right  Bundle  Branch  Block 

Yes 

(n=587) 

2.2% 

(n=550) 

1.5% 

(n=951) 

3.5% 

0.048 

ECG:  Left  Bundle  Branch 

Block 

Yes 

(n=587) 

0.5% 

(n=550) 

1.1% 

(n=951) 

0.8% 

0.549 

ECG:  Non-specific  ST-  and  T- 
Wave  Changes 

Yes 

(n=587) 

17.9% 

(n=550) 

15.6% 

(n=951) 

20.0% 

0.107 

ECG:  Bradycardia 

Yes 

(n=587) 

4.3% 

(n=550) 

4.0% 

(n=951) 

2.7% 

0.216 

ECG:  Tachycardia 

Yes 

(n=587) 

0.5% 

(n=550) 

0.5% 

(n=951) 

0.4% 

0.936 

ECG:  Arrhythmia 

Yes 

(n=587) 

4.1% 

(n=550) 

5.5% 

(n=951) 

6.7% 

0.091 

ECG:  Evidence  of  Prior 

Myocardial  Infarction 

Yes 

(n=587) 

2.9% 

(n=550) 

2.7% 

(n=951) 

5.8% 

0.003 

ECG:  Other  Diagnoses 

Yes 

(n=587) 

0.2% 

(n=550) 

0.4% 

(n=951) 

0.1% 

0.539 

Funduscopic  Examination 

Abnormal 

(n=587) 

8.9% 

(n=550) 

11.6% 

(n=949) 

15.2% 

0.001 

Carotid  Bruits 

Present 

(n=587) 

1.0% 

(n=550) 

2.4% 

(n=951) 

3.9% 

0.003 

Radial  Pulses 

Abnormal 

(n=587) 

0.2% 

(n=550) 

0.5% 

(n=951) 

0.7% 

0.329 

Femoral  Pulses 

Abnormal 

(n=587) 

0.3% 

(n=550) 

1.3% 

(n=950) 

2.6% 

0.002 

Popliteal  Pulses 

Abnormal 

(n=587) 

0.5% 

(n=549) 

2.0% 

(n=950) 

3.9% 

0.001 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=587) 

2.9% 

(n=549) 

6.2% 

(n=950) 

11.9% 

0.001 

Posterior  Tibial  Pulses 

Abnormal 

(n=587) 

3.1% 

(n=549) 

3.6% 

(n=948) 

8.8% 

0.001 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Dependent  Variable 

Level 

Lifetime  Cigarette  Smoking  History  (pack-years) 

0 

>0-10 

>10  p- Value 

Leg  Pulses 

(n=587) 

(n=549) 

(n=948) 

Abnormal 

5.1% 

7.5% 

15.3% 

0.001 

Peripheral  Pulses 

(n=587) 

(n=549) 

(n=948) 

Abnormal 

5.3% 

7.7% 

15.7% 

0.001 

ICVI  Index 

(n=587) 

(n=550) 

(n=951) 

Abnormal 

1.4% 

2.5% 

5.9% 

0.001 

■■ 

1  1  k  ' 

.  4  , . : . 

Dependent  Variable 

Level 

O-Never 

0-Former 

>0-20 

>20 

Essential  Hypertension 

Heart  Disease  (Excluding 

Essential  Hypertension) 

- 

- 

-  -- 

Myocardial  Infarction 

Stroke  or  Transient  Ischemia 

Attack 

“ 

- 

- 

-- 

Systolic  Blood  Pressure  (mm  Hg) 

(n=587) 

(n=L101) 

(n=266) 

(n=136) 

(continuous)3 

r=-( 

1064 

0.004 

(discrete) 

High 

19.9% 

22.7% 

20.3% 

16.2% 

0.236 

Diastolic  Blood  Pressure  (mm  Hg) 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

(continuous)15 

r=-0.076 

0.001 

(discrete) 

High 

4.1% 

5.7% 

5.3% 

3.7% 

0.438 

Heart  Sounds 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Abnormal 

2.9% 

5.7% 

3.4% 

2.9% 

0.030 

Overall  Electrocardiograph  (ECG) 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Abnormal 

28.3% 

32.8% 

35.0% 

23.5% 

0.028 

ECG:  Right  Bundle  Branch  Block 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Yes 

2.2% 

2.9% 

2.3% 

2.2% 

0.810 

ECG:  Left  Bundle  Branch  Block 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Yes 

0.5% 

1.2% 

0.0% 

0.7% 

0.195 

ECG:  Non-specific  ST-  and  T- 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Wave  Changes 

Yes 

17.9% 

19.2% 

19.2% 

11.0% 

0.135 

ECG:  Bradycardia 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Yes 

4.3% 

3.1% 

4.1% 

2.2% 

0.466 

ECG:  Tachycardia 

(n=587) 

(n=  1,101) 

(n=266) 

(n=136) 

Yes 

0.5% 

0.5% 

0.4% 

0.7% 

0.965 

ECG:  Arrhythmia 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Yes 

4.1% 

6.8% 

5.3% 

4.4% 

0.117 

ECG:  Evidence  of  Prior 

(n=587) 

(n=l,101) 

(n=266) 

(n=136) 

Myocardial  Infarction 

Yes 

2.9% 

4.7% 

4.5% 

4.4% 

0.344 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Current  Cigarette  Smoking  (cigarettes/ day) 


Dependent  Variable 

Level 

O-Never 

0-Former 

>0-20 

>20 

p-Value 

ECG:  Other  Diagnoses 

Yes 

(n=587) 

0.2% 

(n=l,101) 

0.2% 

(n=266) 

0.0% 

(n=136) 

0.7% 

0.451 

Funduscopic  Examination 

Abnormal 

(n=587) 

8.9% 

(n=l,100) 

14.0% 

(n=266) 

13.5% 

(n=135) 

14.1% 

0.019 

Carotid  Bruits 

Present 

(n=587) 

1.0% 

(n=  1,101) 
3.1% 

(n=266) 

4.1% 

(n=136) 

3.7% 

0.023 

Radial  Pulses 

Abnormal 

(n=587) 

0.2% 

(n=l,101) 

0.4% 

(n=266) 

1.9% 

(n=136) 

0.7% 

0.010 

Femoral  Pulses 

Abnormal 

(n=587) 

0.3% 

(n=  1,100) 
1.2% 

(n=266) 

4.9% 

(n=136) 

4.4% 

0.001 

Popliteal  Pulses 

Abnormal 

(n=587) 

0.5% 

(n= 1,099) 
2.0% 

(n=266) 

7.1% 

(n=136) 

5.1% 

0.001 

Dorsalis  Pedis  Pulses 

Abnormal 

oo  ^ 

V 

c  ^ 

(n= 1,099) 
8.0% 

(n=266) 

13.9% 

(n=136) 

16.2% 

0.001 

Posterior  Tibial  Pulses 

Abnormal 

(n=587) 

3.1% 

(n=  1,098) 
5.6% 

(n=265) 

10.6% 

(n=136) 

11.0% 

0.001 

Leg  Pulses 

Abnormal 

(n=587) 

5.1% 

(n=  1,098) 
10.7% 

(n=265) 

16.2% 

(n=136) 

19.9% 

0.001 

Peripheral  Pulses 

Abnormal 

(n=587) 

5.3% 

(n=  1,098) 
10.8% 

(n=265) 

17.4% 

(n=136) 

19.9% 

0.001 

ICVI  Index 

Abnormal 

(n=587) 

1.4% 

(n=  1,101) 
3.5% 

(n=266) 

7.9% 

(n=136) 

8.1% 

0.001 

'-H  SipH  ■■  lj  H- 

i-.'i'l.’iaS'fsd’i  ill 

*  M  1  #  1  i|  f  i  if 

Dependent  Variable 

'  ■■ ■  ' .  ■■■  '  I-- 

J'3. 1  .-5.  f  4^-1^ 

- - 

• 

Level 

<^200 

l  it  ‘k  l  4 

p-Value 

■%. " 

Essential  Hypertension 

(n=785) 

(n=838) 

(n=447) 

Yes 

41.0% 

42.7% 

38.9% 

0.415 

Heart  Disease  (Excluding  Essential 

(n=794) 

(n=848) 

(n=449) 

Hypertension) 

Yes 

66.6% 

63.3% 

55.9% 

0.001 

Myocardial  Infarction 

(n=794) 

(n=848) 

(n=449) 

Yes 

11.5% 

8.0% 

3.8% 

0.001 

Stroke  or  Transient  Ischemia  Attack 

(n=794) 

(n=848) 

(n=449) 

Yes 

1.4% 

1.3% 

0.7% 

0.503 

Systolic  Blood  Pressure  (mm  Hg) 

(n=794) 

(n=848) 

(n=449) 

(continuous) 

r=0.055 

0.012 

(discrete) 

High 

18.1% 

22.6% 

23.8% 

0.025 

Diastolic  Blood  Pressure  (mm  Hg) 

(n=794) 

(n=848) 

(n=449) 

(continuous) 

r=0.096 

<0.001 

(discrete) 

High 

4.0% 

5.3% 

6.5% 

0.159 

Heart  Sounds 

(n=794) 

(n=848) 

(n=449) 

Abnormal 

4.2% 

4.5% 

4.9% 

0.828 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Dependent  Variable 

Cholesterol  (i 

wm 

IMWI 

•'-si': 

■?';  'i  *,  »;  £  i 

: 

Level 

«S200 

>200-239 

■  . 

p-Valoe 

Overall  Electrocardiograph  (ECG) 

Abnormal 

(n=794) 

34.4% 

(n=848) 

29.7% 

(n=449) 

28.3% 

0.041 

ECG:  Right  Bundle  Branch  Block 

Yes 

(n=794) 

3.0% 

(n=848) 

2.1% 

(n=449) 

2.7% 

0.512 

ECG:  Left  Bundle  Branch  Block 

Yes 

(n=794) 

0.9% 

(n=848) 

0.7% 

(n=449) 

0.9% 

0.906 

ECG:  Non-specific  ST-  and  T- 
Wave  Changes 

Yes 

(n=794) 

19.8% 

(n=848) 

17.0% 

(n=449) 

18.0% 

0.339 

ECG:  Bradycardia 

Yes 

(n=794) 

4.0% 

(n=848) 

3.5% 

(n=449) 

2.4% 

0.344 

ECG:  Tachycardia 

Yes 

(n=794) 

0.3% 

(n=848) 

0.6% 

(n=449) 

0.7% 

0.493 

ECG:  Arrhythmia 

Yes 

(n=794) 

6.4% 

(n=848) 

5.3% 

(n=449) 

5.1% 

0.523 

ECG:  Evidence  of  Prior 
Myocardial  Infarction 

Yes 

(n=794) 

5.8% 

(n=848) 

3.7% 

(n=449) 

2.2% 

0.007 

ECG:  Other  Diagnoses 

Yes 

(n=794) 

0.4% 

(n=848) 

0.0% 

(n=449) 

0.2% 

0.213 

Funduscopic  Examination 

Abnormal 

(n=792) 

13.1% 

(n=848) 

11.4% 

(n=449) 

13.4% 

0.480 

Carotid  Bruits 

Present 

(n=794) 

2.6% 

(n=848) 

2.7% 

(n=449) 

2.7% 

0.996 

Radial  Pulses 

Abnormal 

(n=794) 

0.5% 

(n=848) 

0.6% 

(n=449) 

0.4% 

0.938 

Femoral  Pulses 

Abnormal 

(n=793) 

1.5% 

(n=848) 

1.7% 

(n=449) 

1.8% 

0.935 

Popliteal  Pulses 

Abnormal 

(n=793) 

2.1% 

(n=847) 

2.6% 

(n=449) 

2.7% 

0.786 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=793) 

7.2% 

(n=847) 

8.3% 

(n=449) 

8.2% 

0.678 

Posterior  Tibial  Pulses 

Abnormal 

(n=793) 

4.9% 

(n=845) 

6.9% 

(n=449) 

5.6% 

0.235 

Leg  Pulses 

Abnormal 

(n=793) 

9.0% 

(n=845) 

11.4% 

(n=449) 

11.1% 

0.237 

Peripheral  Pulses 

Abnormal 

(n=793) 

9.2% 

(n=845) 

11.7% 

(n=449) 

11.4% 

0.226 

ICVI  Index 

Abnormal 

(n=793) 

3.8% 

(n=848) 

3.5% 

(n=449) 

4.0% 

0.909 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


HDL  Cholesterol  (mg/dl) 

Cholesteroi*HDL 

ikado 

Dependent  Variable 

Level 

0-35 

fefC9& 

p- Value 

\  |  |  jr  5  4 

'  >5 

p-Value 

Essential  Hypertension 

Yes 

(n=369) 

45.0% 

(n=  1,700) 
40.5% 

0.124 

(n=  1 ,2 1 7) 
38.7% 

(n=852) 

45.0% 

0.005 

Heart  Disease 
(Excluding  Essential 

Yes 

(n=372) 

61.3% 

(n=l,718) 

63.4% 

0.484 

(n= 1,230) 
64.6% 

(n=860) 

60.7% 

0.074 

Hypertension) 
Myocardial  Infarction 

Yes 

(n=372) 

11.8% 

(n=l,718) 

7.7% 

0.012 

(n=  1,230) 
8.1% 

(n=860) 

8.8% 

0.622 

Stroke  or  Transient 
Ischemia  Attack 

Yes 

(n=372) 

1.3% 

(n=l,718) 

1.2% 

0.979 

(n=l,230) 

1.2% 

(n=860) 

1.2% 

0.999 

Systolic  Blood  Pressure 
(mm  Hg)  (continuous)3 

(n=372) 

r=- 

(n=l,718) 

-0.025 

0.245 

(n=  1,230)  (n=860) 

r^0.062 

0.005 

(discrete) 

High 

21.5% 

21.1% 

0.928 

19.5% 

23.6% 

0.028 

Diastolic  Blood 

Pressure  (mm  Hg) 
(continuous) 

(n=372) 

r=- 

(n=l,718) 

-0.008 

0.707 

(n=  1,230)  (n=860) 

r=0.063 

0.004 

(discrete) 

High 

5.4% 

5.0% 

0.869 

4.7% 

5.6% 

0.432 

Heart  Sounds 

Abnormal 

(n=372) 

5.6% 

(n=l,718) 

4.2% 

0.274 

(n=  1,230) 
4.2% 

(n=860) 

4.8% 

0.630 

Overall 

Electrocardiograph 

Abnormal 

(n=372) 

33.6% 

(n=l,718) 

30.7% 

0.297 

(n= 1,230) 
31.9% 

(n=860) 

30.2% 

0.455 

(ECG) 

ECG:  Right  Bundle 
Branch  Block 

Yes 

(n=372) 

3.2% 

(n=l,718) 

2.4% 

0.496 

(n=  1,230) 
2.7% 

(n=860) 

2.4% 

0.840 

ECG:  Left  Bundle 
Branch  Block 

Yes 

(n=372) 

1.3% 

(n=l,718) 

0.7% 

0.348 

(n=  1,230) 
0.9% 

(n=860) 

0.7% 

0.806 

ECG:  Non-specific  ST- 
and  T-Wave  Changes 

Yes 

(n=372) 

21.5% 

(n=l,718) 

17.6% 

0.089 

(n=  1,230) 
17.8% 

(n=860) 

19.0% 

0.541 

ECG:  Bradycardia 

Yes 

(n=372) 

1.6% 

(n=l,718) 

3.9% 

0.043 

(n=  1,230) 
4.5% 

(n=860) 

2.i% 

0.005 

ECG:  Tachycardia 

Yes 

(n=372) 

0.5% 

(n=l,718) 

0.5% 

0.999 

(n=  1,230) 
0.3% 

(n=860) 

0.7% 

0.372 

ECG:  Arrhythmia 

Yes 

(n=372) 

4.3% 

(n=l,718) 

6.0% 

0.248 

(n=  1,230) 
6.3% 

(n=860) 

4.9% 

0.215 

ECG:  Evidence  of  Prior 
Myocardial  Infarction 

Yes 

(n=372) 

5.4% 

(n=  1,7 18) 
3.9% 

0.250 

(n= 1,230) 
4.2% 

(n=860) 

4.1% 

0.947 

ECG:  Other  Diagnoses 

Yes 

(n=372) 

0.0% 

(n=l,718) 

0.2% 

0.782 

(n= 1,230) 
0.2% 

(n=860) 

0.1% 

0.882 

Funduscopic 

Examination 

Abnormal 

(n=372) 

11.3% 

(n=l,716) 

12.8% 

0.489 

(n=  1,228) 
13.4% 

(n=860) 

11.2% 

0.139 

Carotid  Bruits 

Present 

(n=372) 

1.9% 

(n=l,718) 

2.9% 

0.382 

(n=  1,230) 
2.5% 

(n=860) 

2.9% 

0.688 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


Dependent  Variable 

HD 

L  Cholesterol  (ms 

■M) 

Cholesterol*  HDL  Ratio  ■ 

Level 

IfjfstJi 

>35 

p- Value 

0-5 

>5  • 

p-Value 

Radial  Pulses 

Abnormal 

(n=372) 

0.5% 

(n=  1 ,7 1 8) 
0.5% 

0.999 

(n=l,230) 

0.5% 

(n=860) 

0.6% 

0.999 

Femoral  Pulses 

Abnormal 

(n=371) 

1.6% 

(n=l,718) 

1.6% 

0.999 

(n=  1,230) 
1.5% 

(n=859) 

1.7% 

0.855 

Popliteal  Pulses 

Abnormal 

(n=371) 

2.4% 

(n=l,717) 

2.4% 

0.999 

(n=  1,229) 
2.1% 

(n=859) 

2.9% 

0.311 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=371) 

8.6% 

(n=l,717) 

7.7% 

0.615 

(n=  1,229) 
7.1% 

(n=859) 

9.0% 

0.135 

Posterior  Tibial  Pulses 

Abnormal 

(n=371) 

5.1% 

(n=l,715) 

6.0% 

0.592 

(n= 1,229) 
5.8% 

(n=857) 

6.0% 

0.943 

Leg  Pulses 

Abnormal 

(n=371) 

10.5% 

(n=l,715) 

10.4% 

0.999 

(n=  1,229) 
9.8% 

(n=857) 

11.3% 

0.284 

Peripheral  Pulses 

Abnormal 

(n=371) 

10.5% 

(n=l,715) 

10.7% 

0.976 

(n=  1,229) 
10.1% 

(n=857) 

11.6% 

0.321 

ICVI  Index 

Abnormal 

(n=372) 

5.1% 

(n=l,717) 

3.4% 

0.164 

(n=  1,229) 
3.6% 

(n=860) 

4.0% 

0.745 

*  'f-i  .!§’•  .:i  H1  it-  .gr  ^  11  ^ 
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Dependent  Variable 

Level 

..v*. 

ESS 

■ 

isigi 

Essential 

Hypertension 

Yes 

(n=  1,472) 
35.2% 

(n=598) 

56.2% 

0.001 

(n=803) 

38.4% 

(n= 1,264) 
43.0% 

0.039 

Heart  Disease 
(Excluding  Essential 
Hypertension) 

Yes 

(n= 1,482) 
62.7% 

(n=609) 

63.7% 

0.696 

(n=812) 

62.8% 

(n=  1,276) 
63.0% 

0.963 

Myocardial  Infarction 

Yes 

(n=  1,482) 
8.6% 

(n=609) 

8.0% 

0.760 

(n=812) 

8.9% 

(n=  1,276) 
8.1% 

0.577 

Stroke  or  Transient 
Ischemia  Attack 

Yes 

(n=  1,482) 
1.1% 

(n=609) 

1.3% 

0.923 

(n=812) 

0.9% 

(n= 1,276) 
1.4% 

0.359 

Systolic  Blood 

Pressure  (mm  Hg) 

(n=  1,482) 

(n=609) 

(n=812) 

(n=  1,276) 

(continuous)3 

(discrete) 

High 

r=0. 1 85 

18.6%  27.4% 

<0.001 

0.001 

x  =124.4 
19.2% 

x  =125.9 
22.5% 

0.061 

0.083 

Diastolic  Blood 
Pressure  (mm  Hg) 

(n=  1,482) 

(n=609) 

(n=812) 

(n=  1,276) 

(continuous)b 

(discrete) 

High 

r=0.122 

4.5%  6.6% 

<0.001 

0.058 

x  =74.40 
4.3% 

x  =74.71 
5.5% 

0.457 

0.273 

Heart  Sounds 

Abnormal 

(n=  1,482) 
4.1% 

(n=609) 

5.3% 

0.303 

(n=812) 

4.1% 

(n=  1,276) 
4.7% 

0.562 

Overall 

Electrocardiograph 

Abnormal 

(n=  1,482) 
29.4% 

(n=609) 

35.5% 

0.008 

(n=812) 

27.8% 

(n=  1,276) 
33.2% 

0.011 

(ECG) 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


’  ::  :  Lri 

Body  Fat 

personality  Type 

Dependent  Variable 

S  ,  ;  "  1  i  ■  •f” 

Level 

Lean/Normal 

p- Value 

Type  A 

TypeB 

poValue 

ECG:  Right  Bundle 
Branch  Block 

Yes 

(ns 1,482) 
2.4% 

(n=609) 

3.0% 

0.591 

(n=812) 

2.6% 

(n=  1,276) 
2.6% 

0.999 

ECG:  Left  Bundle 
Branch  Block 

Yes 

(n=  1,482) 
0.7% 

(n=609) 

1.0% 

0.769 

(n=812) 

0.9% 

(n= 1,276) 
0.8% 

0.999 

ECG:  Non-specific 

ST-  and  T-Wave 

Yes 

(n=  1,482) 
16.3% 

(n=609) 

23.0% 

0.001 

(n=812) 

16.9% 

(n=l,276) 

19.2% 

0.199 

Changes 

ECG:  Bradycardia 

Yes 

(n=l,482) 

4.5% 

(n=609) 

1.0% 

0.001 

(n=812) 

3.8% 

(n=  1,276) 
3.3% 

0.606 

ECG:  Tachycardia 

Yes 

(n=  1,482) 
0.3% 

(n=609) 

0.8% 

0.268 

(n=812) 

0.2% 

(n=  1,276) 
0.6% 

0.366 

ECG:  Arrhythmia 

Yes 

(n= 1,482) 
5.6% 

(n=609) 

5.9% 

0.861 

(n=812) 

5.7% 

(n=  1,276) 
5.6% 

0.999 

ECG:  Evidence  of 
Prior  Myocardial 
Infarction 

Yes 

(n=  1,482) 
3.8% 

(n=609) 

5.1% 

0.213 

(n=812) 

3.7% 

(n=  1,276) 
4.5% 

0.454 

ECG:  Other 

Diagnoses 

Yes 

(n=  1,482) 
0.3% 

(n=609) 

0.0% 

0.464 

(n=812) 

0.2% 

(n=l,276) 

0.2% 

0.999 

Funduscopic 

Examination 

Abnormal 

(n=  1,481) 
11.1% 

(n=608) 

15.8% 

0.004 

(n=81 1) 
9.2% 

(n=l,275) 

14.4% 

0.001 

Carotid  Bruits 

Present 

(n=  1,482) 
2.8% 

(n=609) 

2.3% 

0.589 

(n=812) 

2.3% 

(n=  1,276) 
2.8% 

0.596 

Radial  Pulses 

Abnormal 

(n=  1,482) 
0.6% 

(n=609) 

0.3% 

0.640 

(n=812) 

0.6% 

(n=  1,276) 
0.5% 

0.890 

Femoral  Pulses 

Abnormal 

(n=l,481) 

1.6% 

(n=609) 

1.6% 

0.999 

(n=811) 

1.0% 

(n= 1,276) 
1.9% 

0.150 

Popliteal  Pulses 

Abnormal 

(n= 1,480) 
2.5% 

(n=609) 

2.3% 

0.909 

(n=810) 

1.6% 

(n= 1,276) 
2.8% 

0.101 

Dorsalis  Pedis  Pulses 

Abnormal 

(n=  1,480) 
8.2% 

(n=609) 

6.9% 

0.342 

(n=810) 

6.4% 

(n= 1,276) 
8.6% 

0.081 

Posterior  Tibial 

Pulses 

Abnormal 

(n= 1,478) 
6.5% 

(n=609) 

4.3% 

0.062 

(n=809) 

4.2% 

(n=  1,275) 
6.7% 

0.020 

Leg  Pulses 

Abnormal 

(n= 1,478) 
11.2% 

(n=609) 

8.4% 

0.062 

(n=809) 

8.2% 

(n=  1,275) 
11.7% 

0.012 

Peripheral  Pulses 

Abnormal 

(n=  1,478) 
11.6% 

(n=609) 

8.4% 

0.034 

(n=809) 

8.7% 

(n=  1,275) 
11.8% 

0.026 

ICVI  Index 

Abnormal 

(n=  1,481) 
3.6% 

(n=609) 

3.9% 

0.845 

(n=811) 

4.2% 

(n= 1,276) 
3.4% 

0.394 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


i  *•  &  x 4 

Imifit! 

Family  History  of  fijeart  Disease 
Before  Age  45 

Dependent  Variable 

Level 

Yes 

No 

p-Value  i 

Yes 

‘  No 

p*  Value 

Essential 

Hypertension 

Yes 

(n=  1,246) 
45.3% 

(n=808) 

35.3% 

0.001 

(n=243) 

50.2% 

(n=  1,784) 
40.1% 

0.003 

Heart  Disease 
(Excluding  Essential 

Yes 

(n= 1,262) 
66.6% 

(n=813) 

57.4% 

0.001 

(n=249) 

69.9% 

(n=  1,798) 
62.0% 

0.018 

Hypertension) 
Myocardial  Infarction 

Yes 

(n= 1,262) 
9.4% 

(n=813) 

6.9% 

0.058 

(n=249) 

10.8% 

(n=  1,798) 
8.0% 

0.154 

Stroke  or  Transient 
Ischemia  Attack 

Yes 

(n= 1,262) 
1.2% 

(n=813) 

1.2% 

0.999 

(n=249) 

1.2% 

(n=l,798) 

1.2% 

0.999 

Systolic  Blood 

Pressure  (mm  Hg) 

(continuous)3 

(n= 1,262) 

x  =125.8 

(n=813) 

x  =124.6 

0.130 

(n=249) 

x  =125.2 

(n=l,798) 

x  =125.3 

0.938 

(discrete) 

High 

23.3% 

18.3% 

0.008 

20.1% 

21.2% 

0.734 

Diastolic  Blood 
Pressure  (mm  Hg) 

(continuous)5 

(n= 1,262) 

x  =74.71 

(n=813) 

x  =74.47 

0.557 

(n=249) 

x  =74.06 

(n=  1,798) 

x  =74.60 

0.384 

(discrete) 

High 

5.3% 

4.7% 

0.588 

4.4% 

4.9% 

0.835 

Heart  Sounds 

Abnormal 

(n=  1,262) 
4.9% 

(n=813) 

3.7% 

0.226 

(n=249) 

6.4% 

(n=l,798) 

4.1% 

0.133 

Overall 

Electrocardiograph 

Abnormal 

(n= 1,262) 
35.3% 

(n=813) 

24.6% 

0.001 

(n=249) 

36.1% 

(n=  1,798) 
30.4% 

0.076 

(ECG) 

ECG:  Right  Bundle 
Branch  Block 

Yes 

(n= 1,262) 
3.2% 

(n=813) 

1.7% 

0.060 

(n=249) 

2.8% 

(n=  1,798) 
2.6% 

0.999 

ECG:  Left  Bundle 
Branch  Block 

Yes 

(n=  1,262) 
0.6% 

(n=813) 

1.1% 

0.251 

(n=249) 

0.4% 

(n=l,798) 

0.8% 

0.732 

ECG:  Non-specific 

ST-  and  T-Wave 

Yes 

(n=  1,262) 
21.1% 

(n=813) 

14.0% 

0.001 

(n=249) 

22.5% 

(n=l,798) 

17.6% 

0.076 

Changes 

ECG:  Bradycardia 

Yes 

(n= 1,262) 
3.4% 

(n=813) 

3.7% 

0.826 

(n=249) 

2.4% 

(n=  1,798) 
3.6% 

0.430 

ECG:  Tachycardia 

Yes 

(n=  1,262) 
0.7% 

(n=813) 

0.1% 

0.116 

(n=249) 

0.8% 

(n=  1,798) 
0.4% 

0.783 

ECG:  Arrhythmia 

Yes 

(n=  1,262) 
6.4% 

(n=813) 

4.6% 

0.090 

(n=249) 

7.2% 

(n=l,798) 

5.3% 

0.284 

ECG:  Evidence  of 
Prior  Myocardial 

Yes 

(n=  1,262) 
4.4% 

(n=813) 

3.7% 

0.525 

(n=249) 

4.4% 

(n=  1,798) 
4.0% 

0.890 

Infarction 

ECG:  Other 

Diagnoses 

Yes 

(n= 1,262) 
0.1% 

(n=813) 

0.4% 

0.339 

(n=249) 

0.0% 

(n=  1,798) 
0.2% 

0.999 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  ( Continued ) 


Family  History  of  Heart  Disease 

Dependent  Variable 

Level 

Yes 

f  No  •; 

p>Value 

:  Yes 

p-Value 

Funduscopic 

Examination 

Abnormal 

(n= 1,262) 
12.8% 

(n=81 1) 
12.1% 

0.700 

(n=249) 

14.5% 

(n=  1,796) 
12.2% 

0.376 

Carotid  Bruits 

Present 

(n= 1,262) 
2.9% 

(n=813) 

2.5% 

0.689 

(n=249) 

3.6% 

(n=  1,798) 
2.6% 

0.484 

Radial  Pulses 

Abnormal 

(n= 1,262) 
0.6% 

(n=813) 

0.5% 

0.999 

(n=249) 

0.8% 

(n=l,798) 

0.5% 

0.881 

Femoral  Pulses 

Abnormal 

(n=l,261) 

1.8% 

(n=813) 

1.4% 

0.517 

(n=249) 

1.2% 

(n=  1,797) 
1.7% 

0.736 

Popliteal  Pulses 

Abnormal 

(n=l,260) 

2.6% 

(n=813) 

2.2% 

0.663 

(n=249) 

2.8% 

(n=  1,796) 
2.4% 

0.900 

Dorsalis  Pedis  Pulses 

Abnormal 

(n= 1,260) 
8.1% 

(n=813) 

7.6% 

0.762 

(n=249) 

8.4% 

(n= 1,796) 
7.9% 

0.846 

Posterior  Tibial 

Pulses 

Abnormal 

(n=  1,258) 
6.0% 

(n=813) 

5.7% 

0.790 

(n=248) 

6.0% 

(n=l,795) 

5.8% 

0.987 

Leg  Pulses 

Abnormal 

(n=  1,258) 
10.6% 

(n=813) 

10.3% 

0.920 

(n=248) 

9.7% 

(n= 1,795) 
10.5% 

0.784 

Peripheral  Pulses 

Abnormal 

(n=l,258) 

10.8% 

(n=813) 

10.7% 

0.995 

(n=248) 

10.1% 

(n=  1,795) 
10.8% 

0.833 

ICVI  Index 

Abnormal 

(n=  1,262) 
4.0% 

(n=813) 

3.2% 

0.433 

(n=249) 

2.8% 

(n=l,798) 

3.8% 

0.533 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


’  '  i.  1 

Blood  Pressure  Medication 

Dependent  Variable 

Level  Normal 

Diabetic 

p-Valde 

Yes 

No  • 

jdpHHv 

Essential 

(n=  1,429) 

(n=27 1 ) 

(n=345) 

Hypertension 

Yes 

34.6% 

52.4% 

59.4% 

0.001 

- 

- 

- 

Heart  Disease 

(n=  1,441) 

(n=273) 

(n=351) 

(Excluding  Essential 
Hypertension) 

Yes 

60.8% 

64.1% 

69.5% 

0.009 

" 

Myocardial  Infarction 

(n=l,441) 

(n=273) 

(n=351) 

Yes 

6.8% 

9.9% 

14.2% 

0.001 

- 

- 

- 

Stroke  or  Transient 

(n=  1,441) 

(n=273) 

(n=351) 

Ischemia  Attack 

Yes 

1.0% 

1.1% 

1.4% 

0.828 

-- 

- 

- 

Systolic  Blood 

Pressure  (mm  Hg) 

(n=l,441) 

(n=273) 

(n=351) 

(n=617) 

(n=  1,474) 

(continuous)3 

x  =123.0 

x  =129.3 

x  =131.8 

<0.001 

x  =128.6 

x  =123.9 

<0.001 

(discrete) 

High 

17.1% 

28.6% 

31.9% 

0.001 

27.6% 

18.5% 

0.001 

Diastolic  Blood 
Pressure  (mm  Hg) 

(n=  1,441) 

(n=273) 

(n=351) 

(n=617) 

(n=  1,474) 

(continuous)b 

x  =74.32 

x  =75.94 

x  =74.41 

0.030 

x  =74.86 

x  =74.48 

0.392 

(discrete) 

High 

4.5% 

7.3% 

5.4% 

0.140 

7.3% 

4.1% 

0.004 

Heart  Sounds 

(n=  1,441) 

(n=273) 

(n=351) 

Abnormal 

3.7% 

5.5% 

6.0% 

0.113 

- 

- 

.. 

Overall 

(n=  1,441) 

(n=273) 

(n=351) 

Electrocardiograph 

(ECG) 

Abnormal 

26.4% 

37.0% 

46.7% 

0.001 

— - 

ECG:  Right  Bundle 

(n=  1,441) 

(n=273) 

(n=351) 

Branch  Block 

Yes 

1.9% 

2.6% 

5.4% 

0.001 

- 

- 

- 

ECG:  Left  Bundle 

(n=l,441) 

(n=273) 

(n=351) 

Branch  Block 

Yes 

0.7% 

1.1% 

1.1% 

0.613 

- 

-- 

- 

ECG:  Non-specific 

(n=l,441) 

(n=273) 

(n=351) 

ST-  and  T-Wave 
Changes 

Yes 

14.6% 

24.5% 

29.3% 

0.001 

ECG:  Bradycardia 

(n=  1,441) 

(n=273) 

(n=351) 

Yes 

4.5% 

0.4% 

1.7% 

0.001 

— 

- 

— 

ECG:  Tachycardia 

(n=  1,441) 

(n=273) 

(n=351) 

Yes 

0.2% 

0.4% 

1.4% 

0.008 

— 

— 

— 

ECG:  Arrhythmia 

(n=  1,441) 

(n=273) 

(n=351) 

Yes 

5.2% 

5.1% 

8.0% 

0.121 

- 

— 

— 

ECG:  Evidence  of 

(n=  1,441) 

(n=273) 

(n=351) 

Prior  Myocardial 
Infarction 

Yes 

2.8% 

5.1% 

9.4% 

0.001 

ECG:  Other 

(n=  1,441) 

(n=273) 

(n=351) 

Diagnoses 

Yes 

0.3% 

0.0% 

0.0% 

0.420 

— 

— 

— 
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Table  F-6.  Dependent  Variable-Covariate  Associations  for  the  Cardiovascular 
Assessment  (Continued) 


• 

!  -  '  :  •  .  • 

?  1 1 1  ?  ' 

•*«  S' 

Blood  Pressure  Medication 

Level 

Normal 

Impaired 

Diabetic 

p- Value 

Yes 

No 

p-Value 

Funduscopic 

Examination 

Abnormal 

(11=1,440) 

10.3% 

(n=273) 

14.3% 

II  O 
3<N 

0.001 

_ 

_ 

— 

Carotid  Bruits 

Present 

(n=  1,441) 
2.1% 

(n=273) 

2.9% 

(n=351) 

5.1% 

0.007 

__ 

__ 

— 

Radial  Pulses 

Abnormal 

(n=l,441) 

0.3% 

(n=273) 

0.4% 

(n=351) 

1.1% 

0.152 

_ 

_ 

__ 

Femoral  Pulses 

Abnormal 

(n= 1,440) 
1.2% 

(n=273) 

1.1% 

(n=351) 

3.7% 

0.003 

_ 

_ 

— 

Popliteal  Pulses 

Abnormal 

(n= 1,439) 
1.7% 

(n=273) 

1.8% 

(n=351) 

6.0% 

0.001 

_ 

__ 

— 

Dorsalis  Pedis  Pulses 

Abnormal 

(n= 1,439) 
6.7% 

(n=273) 

5.5% 

(n=351) 

14.0% 

0.001 

_ 

_ 

__ 

Posterior  Tibial 

Pulses 

Abnormal 

(n= 1,437) 
4.1% 

(n=273) 

5.5% 

(n=351) 

13.4% 

0.001 

_ 

— 

_ 

Leg  Pulses 

Abnormal 

(n= 1,437) 
8.7% 

(n=273) 

8.4% 

(n=351) 

18.8% 

0.001 

_ 

_ 

Peripheral  Pulses 

Abnormal 

(n= 1,437) 
8.9% 

(n=273) 

8.4% 

(n=351) 

19.4% 

0.001 

_ 

_ 

_ 

ICVI  Index 

Abnormal 

(n=  1,440) 
2.6% 

(n=273) 

2.9% 

(n=351) 

9.1% 

0.001 

„ 

_ 

_ 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
b  Analysis  performed  on  square  root  scale;  means  transformed  from  square  root  scale. 

— :  Covariate  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 


:v.  ■ 

:  :  ,  ■  ,  !;!  .  - 
::  ■  :  :  ii  . 

1  si 

a.  :::  •  .  •  :: 

f 

Age 

•  .  :  '■  :  • 

|s%  >  <1  £  |  ; 

. 

Race 

'v^Lblf 

f  ti  £“  >■ ;  - 1  #  rr 

Level  1 

Born  £1942 

Born  <1942 

fcV&i*  | 

Black 

Non-Black 

. i . 

p- Value 

RBC  Count 
(million/mm3) 

(n=928) 

(n=l,187) 

(n=128) 

(n=l,987) 

(continuous) 

(discrete) 

Abn.  Low 
Normal 

Abn.  High 

r=- 

2.1% 

97.2% 

0.7% 

-0.181 

7.0% 

91.8% 

1.2% 

<0.001 

0.001 

x  =4.99 
7.8% 
86.7% 
5.5% 

x  =4.95 
4.6% 
94.7% 
0.7% 

0.291 

0.001 

WBC  Count 

a 

(thousand/mm' ) 

(n=928) 

(n=l,187) 

(n=128) 

(n=  1,987) 

(continuous)8 

(discrete) 

Abn.  Low 
Normal 

Abn.  High 

r=-0.010 

5.9%  4.9% 

90.2%  91.7% 

3.9%  3.4% 

0.658 
0.456  ; 

x  =5.94 
18.8% 
78.9% 
2.3% 

x  =6.71 
4.5% 
91.8% 
3.7% 

<0.001 

0.001 

Hemoglobin 

(gm/dl) 

(n=928) 

(n=l,  187) 

(n=128) 

(n=l,987) 

(continuous) 

(discrete) 

Abn.  Low 
Normal 

Abn.  High 

r= 

4.5% 

95.0% 

0.5% 

-0.137 

8.3% 

91.3% 

0.4% 

<0.001 

0.002 

x  =14.77 
17.2% 
82.8% 
0.0% 

x  =15.36 
6.0% 
93.5% 
0.5% 

<0.001 

0.001 

Hematocrit 

(percent) 

(n=928) 

(n=l,187) 

(n=128) 

(n= 1,987) 

(continuous) 

(discrete) 

Abn.  Low 
Normal 

Abn.  High 

r=- 

1.3% 

98.5% 

0.2% 

-0.121 

3.2% 

96.5% 

0.3% 

<0.001 

0.014 

x  =44.49 
4.7% 
95.3% 
0.0% 

x  =45.65 
2.2% 
97.5% 
0.3% 

<0.001 

0.169 

Platelet  Count 
(thousand/mm3) 

(n=926) 

(n=l,179) 

(n=127) 

(n=  1,978) 

(continuous) b 
(discrete) 

Abn.  Low 
Normal 

Abn.  High 

r=-0.120 

1.9%  3.7% 

97.9%  95.7% 

0.2%  0.6% 

<0.001 

0.022 

x  =203.7 
1.6% 
97.6% 
0.8% 

x  =205.3 
3.0% 
96.6% 
0.4% 

0.723 

0.526 

Prothrombin  Time 
(seconds) 

(n=793) 

(n=911) 

(n=110) 

(n=l,594) 

(continuous) a 
(discrete) 

High 

r=0.096 

0.8%  1.9% 

<0.001 

0.077 

x  =10.49 
2.7% 

x  =10.49 
1.3% 

0.947 

0.386 

RBC  Morphology 

Abnormal 

(n=928) 

5.2% 

(n=l,187) 

8.0% 

0.013 

(n=128) 

14.1% 

(n=  1,987) 
6.3% 

0.001 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
(Continued) 


Dependent 

Variable 

4.  'Sr.#.; 

Age 

mm 

‘Biol  !'•€  i 

BHI 

Level 

Born  21942  Born  <1942 

B 

1 

1 1 |  |J| 1 

Absolute 

Neutrophils 

(segs) 

(n=2,115) 

(n=128) 

(n= 1,987) 

(thousand/mm3) a 

r=0.006 

0.767 

x  =3.13 

x  =3.88 

<0.001 

Absolute 

Neutrophils 

(bands) 

(thousand/mm3) 

(n= 1,757) 

(n=97) 

(n= 1,660) 

(continuous) a 

Nonzero 

r=0.071 

0.003 

x  =0.120 

x  =0.200 

<0.001 

(discrete) 

(n=928)  (n=l,187) 

(n=128) 

(n=  1,987) 

Zero 

17.1%  16.8% 

0.868 

24.2% 

16.5% 

0.032 

Absolute 

Lymphocytes 

(n=2,115) 

(n=128) 

(n=  1,987) 

(thousand/mm3) a 

r=-0.1 16 

<0.001 

t-- 

00 

IT 

1  x 

x  =1.75 

0.035 

Absolute 

Monocytes 

(n=2,l  15) 

(n=128) 

(n=  1,987) 

(thousand/mm3) b 

r=0.044 

0.043 

x  =0.466 

x  =0.480 

0.455 

Absolute 

Eosinophils 

(thousand/mm3) 

(n=l,856) 

(n=109) 

(n=  1,747) 

(continuous) a 

Nonzero 

r=0.026 

0.256 

x  =0.145 

x  =0.161 

0.132 

(discrete) 

(n=928)  (n=l,187) 

(n=128) 

(n=  1,987) 

Zero 

12.8%  11.8% 

0.516 

14.8% 

12.1% 

0.432 

Absolute 

Basophils 

(thousand/mm3) 

(n=953) 

(n=54) 

(n=899) 

(continuous) a 

Nonzero 

r=0.017 

0.610 

x  =0.068 

x  =0.080 

0.006 

(discrete) 

(n=928)  (n=l,187) 

(n=128) 

(n=  1,987) 

Zero 

56.9%  53.4% 

0.120 

57.8% 

54.8% 

0.561 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
( Continued ) 


Dependent 

Variable 

i  -v-,|  I  .| 

•  5  ,j  v'  *•.  >  -  3,  if  J,  i  *.41 

mmm 

Occupation 

i-J?  %  •.*  ;  - 

■  -  Level  fjffl 

Officer 

Enlisted  Flyer  Enlisted  Groundcrew  j 

p-Value 

RBC  Count 
(million/mm3) 

(n=834) 

(n=338) 

(n=943) 

(continuous) 

(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =4.90 
5.6% 
93.6% 
0.8% 

x  =4.95 

5.3% 

93.5% 

1.2% 

x  =5.01 

3.9% 

95.1% 

1.0% 

<0.001 

0.502 

WBC  Count 
(thousand/mm3) 

(n=834) 

(n=338) 

(n=943) 

(continuous)3 

(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =6.33 
6.1% 
91.6% 
2.3% 

x  =6.80 

4.7% 

90.0% 

5.3% 

x  =6.91 

4.9% 

91.0% 

4.1% 

<0.001 

0.056 

Hemoglobin 

(gm/dl) 

(n=834) 

(n=338) 

(n=943) 

(continuous) 

(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =15.26 
6.5% 
93.0% 
0.5% 

x  =15.34 

8.6% 

91.1% 

0.3% 

x  =15.37 

6.2% 

93.3% 

0.5% 

0.076 

0.609 

Hematocrit 

(percent) 

(n=834) 

(n=338) 

(n=943) 

(continuous) 

(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =45.38 
2.4% 
97.4% 
0.2% 

x  =45.62 

3.0% 

96.7% 

0.3% 

x  =45.74 

2.1% 

97.6% 

0.3% 

0.050 

0.930 

Platelet  Count 
(thousand/mm3) 

(n=828) 

(n=336) 

(n=941) 

(continuous) b 
(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =201.6 
3.0% 
96.5% 
0.5% 

x  =205.5 

3.6% 

95.8% 

0.6% 

x  =208.2 

2.7% 

97.0% 

0.3% 

0.015 

0.860 

Prothrombin  Time 
(seconds) 

(n=667) 

(n=271) 

(n=766) 

(continuous) a 
(discrete) 

High 

x  =10.53 
2.0% 

x  =10.48 

0.4% 

x  =10.46 

1.2% 

0.215 

0.140 

RBC  Morphology 

Abnormal 

(n=834) 

5.8% 

(n=338) 

9.5% 

(n=943) 

6.7% 

0.072 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
( Continued ) 


Dependent 

r - - - - — - ' — — — 

if"  ■§• 

1 1„|  | 

Occapa 

tioir 

Variable 

:r  '  "■  i 

Level 

Officer  E 

Inlisted  Flyer 

Enlisted  Ground  crew 

p- Value 

Absolute  Neutrophils 

(n=834) 

(n=338) 

(n=943) 

(segs)  (thousand/mm3) a 

x  =3.60 

x  =3.94 

x  =4.00 

<0.001 

Absolute  Neutrophils 
(bands)  (thousand/mm3) 

(n=700) 

(n=275) 

(n=782) 

(continuous) a 

Nonzero 

x  =0.186 

x  =0.198 

x  =0.201 

0.179 

(discrete) 

(n=834) 

(n=338) 

(n=943) 

Zero 

16.1% 

18.6% 

17.1% 

0.561 

Absolute  Lymphocytes 

(n=834) 

(n=338) 

(x=943) 

(thousand/mm3) a 

x  =1.68 

x  =1.75 

x  =1.82 

<0.001 

Absolute  Monocytes 

(n=834) 

(n=338) 

(n=943) 

(thousand/mm3) b 

x  =0.468 

x  =0.491 

x  =0.486 

0.119 

Absolute  Eosinophils 
(thousand/mm3) 

(n=753) 

(n=299) 

(n=804) 

(continuous) a 

Nonzero 

x  =0.156 

x  =0.163 

x  =0.163 

0.395 

(discrete) 

(n=834) 

(n=338) 

(n=943) 

Absolute  Basophils 
(thousand/mm3) 

Zero 

9.7% 

11.5% 

14.7% 

0.005 

(n=381) 

(n=162) 

(n=410) 

(continuous) a 

Nonzero 

x  =0.076 

x  =0.081 

x  =0.081 

0.114 

(discrete) 

(n=834) 

(n=338) 

(n=943) 

Zero 

54.3% 

52.1% 

56.5% 

0.332 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
(Continued) 


Current  Cigarette  Smoking  (dgarettes/day) 


Variable 

Level 

O-Never 

1  0-Former 

>0-20 

p*  Value 

RBC  Count 

(million/mm3) 

(n=593) 

(n=l,  1 16) 

(n=268) 

(n=137) 

(continuous) 

r=0.064 

0.003 

(discrete) 

Abnormal  Low 

4.1% 

5.3% 

6.0% 

2.2% 

0.627 

Normal 

94.9% 

93.8% 

92.9% 

97.1% 

Abnormal  High 

1.0% 

0.9% 

1.1% 

0.7% 

WBC  Count 

(thousand/mm3) 

(n=593) 

(n=l,l  16) 

(n=268) 

(n=137) 

(continuous)11 

r=0.395 

<0.001 

(discrete) 

Abnormal  Low 

7.9% 

5.2% 

1.9% 

1.5% 

0.001 

Normal 

90.7% 

93.0% 

88.4% 

82.4% 

Abnormal  High 

1.4% 

1.8% 

9.7% 

16.1% 

Hemoglobin 

(gm/dl) 

(n=593) 

(n=l,  1 16) 

(n=268) 

(n=137) 

(continuous) 

r=0.213 

<0.001 

(discrete) 

Abnormal  Low 

6.2% 

8.1% 

4.1% 

2.2% 

0.031 

Normal 

93.5% 

91.5% 

94.8% 

97.1% 

Abnormal  High 

0.3% 

0.4% 

1.1% 

0.7% 

Hematocrit 

(percent) 

(n=593) 

(n=l,116) 

(n=268) 

(n=137) 

(continuous) 

r=0.209 

<0.001 

(discrete) 

Abnormal  Low 

1.7% 

3.0% 

1.9% 

1.5% 

0.292 

Normal 

98.1% 

96.8% 

97.3% 

97.8% 

Abnormal  High 

0.2% 

0.2% 

0.8% 

0.7% 

Platelet  Count 

(thousand/mm3) 

(n=589) 

(n=l,113) 

(n=267) 

(n=135) 

(continuous) b 

r=0.062 

0.005 

(discrete) 

Abnormal  Low 

2.9% 

3.0% 

3.4% 

2.2% 

0.070 

Normal 

96.9% 

96.6% 

96.2% 

95.6% 

Abnormal  High 

0.2% 

0.4% 

0.4% 

2.2% 

Prothrombin  Time 

(seconds) 

(n= 

d,703) 

(continuous) a 

r=- 

-0.025 

0.298 

(discrete) 

(n=496) 

(n=889) 

(n=208) 

(n=110) 

High 

1.2% 

1.4% 

1.9% 

0.9% 

0.862 

RBC  Morphology 

(n=593) 

(0=1,116) 

(n=268) 

(n=137) 

Abnormal 

3.7% 

7.3% 

9.7% 

10.2% 

0.001 

Absolute  Neutrophils 

(n=2,114) 

(segs)  (thousand/mm3) a 

r=0.347 

<0.001 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
(Continued) 


< 

Current  Cigarette  Smoki0g  (ciga 

re  ties/ day) 

Variable 

O-Never 

0-Former  >0-20 

>20 

p- Value 

Absolute  Neutrophils 
(bands) 

(thousand/mm3) 

(n=  1,756) 

<0.001 

(continuous) a 

Nonzero 

r=0.188 

(discrete) 

(n=593) 

(n=l,116)  (n=268) 

(n=137) 

Zero 

16.0% 

17.8%  18.3% 

11.0% 

0.185 

Absolute  Lymphocytes 
(thousand/mm3) a 

(n=2,l  14) 
r=0.195 

<0.001 

Absolute  Monocytes 

(n=2,114) 

(thousand/mm3) b 

r=0.160 

<0.001 

Absolute  Eosinophils 
(thousand/mm3) 

(n=l,855) 

(continuous) a 

Nonzero 

r=0.134 

<0.001 

(discrete) 

(n=593) 

(n=l,l  16)  (n=268) 

(n=137) 

Zero 

12.8% 

11.8%  11.6% 

14.6% 

0.758 

Absolute  Basophils 
(thousand/mm3) 

(n=953) 

<0.001 

(continuous) a 

Nonzero 

r=0.267 

(discrete) 

(n=593) 

(n=l,116)  (n=268) 

(n=137) 

Zero 

59.2% 

52.5%  53.0% 

59.9% 

0.033 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
(Continued) 

Dependent  _ _ Lifetime  Cigarette  Smoking  History  (pack^years) 


Variable 

;  ;  Level 

0 

>0-10 

>10 

p-Value 

RBC  Count 

(million/mm3) 

(n=593) 

(n=555) 

(n=964) 

(continuous) 

r=-0.047 

0.031 

(discrete) 

Abnormal  Low 

4.1% 

4.5% 

5.5% 

0.684 

Normal 

94.9% 

94.8% 

93.5% 

Abnormal  High 

1.0% 

0.7% 

1.0% 

WBC  Count 

(thousand/mm3) 

(n=593) 

(n=555) 

(n=964) 

(continuous)3 

r=0.236 

<0.001 

(discrete) 

Abnormal  Low 

7.9% 

5.8% 

3.4% 

0.001 

Normal 

90.7% 

91.1% 

91.3% 

Abnormal  High 

1.4% 

3.1% 

5.3% 

Hemoglobin 

(gm/dl) 

(n=593) 

(n=555) 

(n=964) 

(continuous) 

r=0.036 

0.102 

(discrete) 

Abnormal  Low 

6.2% 

5.2% 

7.8% 

0.304 

Normal 

93.5% 

94.4% 

91.6% 

Abnormal  High 

0.3% 

0.4% 

0.6% 

Hematocrit 

(percent) 

(n=593) 

(n=555) 

(n=964) 

(continuous) 

r=0.037 

0.085 

(discrete) 

Abnormal  Low 

1.7% 

2.0% 

3.0% 

0.134 

Normal 

98.1% 

98.0% 

96.5% 

Abnormal  High 

0.2% 

0.0% 

0.5% 

Platelet  Count 

(thousand/mm3) 

(n=589) 

(n=553) 

(n=960) 

(continuous) b 

r=0.094 

<0.001 

(discrete) 

Abnormal  Low 

2.9% 

2.7% 

3.1% 

0.123 

Normal 

96.9% 

97.3% 

96.1% 

Abnormal  High 

0.2% 

0.0% 

0.8% 

Prothrombin  Time 

(seconds) 

(n=l,702) 

(continuous)  * 

r=0.000 

0.998 

(discrete) 

(n=496) 

(n=438) 

(n=768) 

High 

1.2% 

1.1% 

1.6% 

0.788 

RBC  Morphology 

(n=593) 

(n=555) 

(n=964) 

Abnormal 

3.7% 

7.0% 

8.5% 

0.001 

Absolute  Neutrophils 

(n=2,112) 

(segs)  (thousand/mm3) a 

r=0.214 

<0.001 
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Table  F-7.  Dependent  Variable-Covariate  Associations  for  the  Hematology  Assessment 
(Continued) 


Absolute  Neutrophils 
(bands)  (thousand/mm3) 

(n=  1,754) 

(continuous) a 

Nonzero 

r=0.133 

<0.001 

(discrete) 

(n=593) 

(n=555) 

(n=964) 

Zero 

16.0% 

19.1% 

16.3% 

0.288 

Absolute  Lymphocytes 
(thousand/mm3) a 

(n=2,112) 

r=0.067 

0.002 

Absolute  Monocytes 

(n=2,112) 

(thousand/mm3) b 

r=0.142 

<0.001 

Absolute  Eosinophils 
(thousand/mm3) 

(n=l,853) 

(continuous) a 

Nonzero 

r=0.086 

<0.001 

(discrete) 

(n=593) 

(n=555) 

(n=964) 

Absolute  Basophils 
(thousand/mm3) 

Zero 

12.8% 

10.6% 

12.9% 

0.393 

(n=952) 

(continuous) a 

Nonzero 

r=0.168 

<0.001 

(discrete) 

(n=593) 

(n=555) 

(n=964) 

Zero 

59.2% 

54.4% 

52.6% 

0.038 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
b  Analysis  performed  on  square  root  scale;  means  transformed  from  square  root  scale. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 


Age 

Race 

Dependent  Variable 

Level 

Born  *1942 

Born  <1942 

?•  jp^alue 

Blade 

Non-Blade 

p- Value 

Past  Thyroid  Disease 

Yes 

(n=930) 

6.5% 

(n=  1,179) 
9.3% 

0.020 

(n=128) 

6.3% 

(n=  1,981) 
8.2% 

0.543 

Composite  Diabetes 
Indicator 

Diabetic 

(n=920) 

10.8% 

(n=l,171) 

21.8% 

0.001 

(n=125) 

25.6% 

(n= 1,966) 
16.4% 

0.011 

Diabetic  Severity 

Nondiabetic 
No  Treat. 
Diet  Only 
Oral  Hypo. 
Req.  Insl. 

(n=920) 

90.5% 

4.6% 

0.8% 

2.9% 

1.2% 

(n=l,171) 
81.2% 
6.2%  . 
2.5% 
7.5% 
2.6% 

0.001 

(n=125) 

76.0% 

7.2% 

2.4% 

11.2% 

3.2% 

(n=  1,966) 
85.9% 
5.4% 
1.7% 
5.1% 
1.9% 

0.023 

Time  to  Diabetes 
Onset 

(n=2,091) 

P=-0.014 

<0.001 

(n=125) 
(3= — 0-161 a 

(n=  1,966) 

0.007 

Thyroid  Gland 

Abnormal 

(n=911) 

0.7% 

(n=l,135) 

1.4% 

0.155 

(n=127) 

0.0% 

(n=l,919) 

1.1% 

0.442 

Testicular 

Examination 

Abnormal 

(n=923) 

1.4% 

(n=l,175) 

6.2% 

0.001 

(n=127) 

3.1% 

(n=  1,971) 
4.2% 

0.744 

TSH  (pJU/ml) 

(n=910) 

(n=l,130) 

(n=127) 

(n=l,913) 

(continuous) b 
(discrete) 

Abn.  Low 
Normal 
Abn.  High 

r=0.133 

0.8%  1.1% 

96.0%  95.0% 

3.2%  3.9% 

<0.001 

0.543 

x  =1.38 
2.4% 
96.1% 
1.6% 

x  =1.87 
0.8% 
95.5% 
3.7% 

<0.001 

0.105 

Thyroxine  (pg/dl) 

(n=910) 

(n=  1,130) 

(n=127) 

(n=l,913) 

(continuous) c 
(discrete) 

Low 

r=0.004 

2.4%  2.9% 

0.870 

0.576 

x  =6.87 
3.9% 

x  =7.07 
2.6% 

0.102 

0.543 

Anti-Thyroid 

Antibodies 

Present 

(n=910) 

0.7% 

(n=l,130) 

0.5% 

0.932 

(n=127) 

0.0% 

(n=l,913) 

0.6% 

0.767 

Fasting  Glucose 
(mg/dl) 

(n=933) 

(n=l,185) 

(n=128) 

(n= 1,990) 

(continuous) b 
(discrete) 

High 

r=0.142 

11.4%  21.8% 

<0.001 

0.001 

x  =104.0 
24.2% 

x  =101.5 
16.7% 

0.217 

0.040 

2-Hour  Postprandial 
Glucose  (jig/dl) 

(n=821) 

(n=916) 

(n=93) 

(n=  1,644) 

(continuous)  b 
(discrete) 

Impaired 

r=0.155 

10.1%  20.9% 

<0.001 

0.001 

x  =101.8 
5.4% 

x  =105.2 
16.4% 

0.265 

0.007 

Fasting  Urinary 
Glucose 

Present 

(n=933) 

4.0% 

(n=l,185) 

4.4% 

0.710 

(n=128) 

7.0% 

(n= 1,990) 
4.0% 

0.156 

2-Hour  Postprandial 
Urinary  Glucose 

Present 

(n=821) 

22.0% 

(n=912) 

24.3% 

0.283 

(n=93) 

18.3% 

(n= 1,640) 
23.5% 

0.298 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
( Continued ) 


Age 

illlllissiwili 

Dependent  Variable  Level  Bora  £1942  Bom  <1942  p-Vatue 

Black  Non-Black  p-Valqe 

Serum  Insulin 

(n=821) 

(n=916) 

(n=93) 

(n=  1,644) 

(plU/ml) 

(continuous) b 

r=0.088 

<0.001 

x  =47. 1 1 

x  =47.98 

0.847 

(discrete) 

Abn.  Low 

14.5% 

11.5% 

0.003 

9.7% 

13.1% 

0.553 

Normal 

47.9% 

43.0% 

49.5% 

45.1% 

Abn.  High 

37.6% 

45.5% 

40.9% 

41.8% 

a-l-C  Hemoglobin 

(percent) 

(n=933) 

(n=l,185) 

(n=128) 

(n= 1,990) 

(continuous) b 

r=0.098 

<0.001 

x  =7.07 

x  =6.45 

<0.001 

(discrete) 

High 

8.1% 

12.7% 

0.001 

25.8% 

9.7% 

0.001 

Total  Testosterone 

(ng/dl) 

(n=916) 

(n=l,161) 

(n=126) 

(n=  1,951) 

(continuous) c 

r=-0.131 

<0.001 

x  =418.2 

x  =423.1 

0.764 

(discrete) 

Low 

7.2% 

8.3% 

0.415 

7.1% 

7.8% 

0.911 

Free  Testosterone 

(pg/ml) 

(n=916) 

(n=l,611) 

(n=126) 

(n=  1,951) 

(continuous) c 

r=- 

-0.368 

<0.001 

x  =13.83 

x  =13.94 

0.797 

(discrete) 

Low 

0.5% 

2.6% 

0.001 

2.4% 

1.6% 

0.788 

Estradiol  (pg/ml) 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

(continuous) c 

r=0.010 

0.632 

x  =44.26 

x  =40.15 

0.008 

(discrete) 

High 

26.9% 

28.2% 

0.539 

37.5% 

27.0% 

0.013 

LH  (mlU/ml) 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

(continuous)  b 

r=0.185 

<0.001 

x  =3.82 

x  =3.86 

0.856 

(discrete) 

High 

3.1% 

7.6% 

0.001 

5.5% 

5.6% 

0.999 

FSH  (mlU/ml) 

(n=933) 

(n=l,188) 

(n=128) 

(n=  1,993) 

(continuous) b 

r=0.256 

<0.001 

x  =5.65 

x  =6.03 

0.255 

(discrete) 

High 

4.0% 

11.2% 

0.001 

8.6% 

8.0% 

0.936 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
(Continued) 


i  f;l  '§  Jfl’l 

Om 

ipation 

:  ■■  : 

Dependent  Variable 

Level 

Officer 

Enlisted 
Ground  crew 

p-Value 

Past  Thyroid  Disease 

Yes 

(n=830) 

9.0% 

(n=337) 

8.6% 

(n=942) 

7.0% 

0.271 

Composite  Diabetes  Indicator 

Diabetic 

(n=827) 

14.9% 

(n=332) 

19.6% 

(n=932) 

17.8% 

0.097 

Diabetic  Severity 

Nondiabetic 

No  Treatment 

Diet  Only 

Oral  Hypoglycemic 
Requiring  Insulin 

(n=827) 

86.5% 

5.0% 

1.7% 

4.6% 

2.3% 

(n=332) 

83.4% 

6.9% 

1.2% 

6.3% 

2.1% 

(n=932) 

85.0% 

5.5% 

1.9% 

6.0% 

1.6% 

0.659 

Time  to  Diabetes  Onset 

(n=932) 

(n=332) 
3=-0.038  d 

(n=827) 
3=-0.052  d 

0.159 

Thyroid  Gland 

Abnormal 

(n=798) 

1.9% 

(n=326) 

0.6% 

(n=922) 

0.5% 

0.019 

Testicular  Examination 

Abnormal 

(n=826) 

5.2% 

(n=332) 

5.1% 

(n=940) 

2.8% 

0.021 

TSH  (plU/ml) 

(n=794) 

(n=326) 

(n=920) 

(continuous)  b 
(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =1.94 
0.8% 
95.3% 
3.9% 

x  =1.77 
1.5% 
95.7% 
2.8% 

x  =1.78 
0.9% 
95.5% 
3.6% 

0.007 

0.659 

Thyroxine  (pg/dl) 

(n=794) 

(n=326) 

(n=920) 

(continuous) c 
(discrete) 

Low 

x  =6.81 
3.7% 

x  =7.26 
1.8% 

x  =7.20 
2.2% 

<0.001 

0.099 

Anti-Thyroid  Antibodies 

Present 

(n=794) 

0.8% 

(n=326) 

0.9% 

(n=920) 

0.3% 

0.354 

Fasting  Glucose  (mg/dl) 

(n=833) 

(n=338) 

(n=947) 

(continuous)  b 
(discrete) 

High 

x  =100.4 
15.7% 

x  =104.1 
19.2% 

x  =101.8 
17.7% 

0.039 

0.295 

2-Hour  Postprandial  Glucose  (mg/dl) 

(n=704) 

(n=267) 

(n=766) 

(continuous) b 
(discrete) 

Impaired 

x  =103.5 
15.1% 

x  =109.7 
19.9% 

x  =104.8 
15.0% 

0.014 

0.139 

Fasting  Urinary  Glucose 

Present 

(n=833) 

2.8% 

(n=338) 

5.0% 

(n=947) 

5.2% 

0.029 

2-Hour  Postprandial  Urinary  Glucose 

Present 

(n=701) 

20.1% 

(n=266) 

26.7% 

(n=766) 

24.9% 

0.033 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
(Continued) 


Occupation 


Dependent  Variable 

Level 

Officer 

Existed 

flyer 

Enlisted 

Groundcrew 

p*Vahie 

Serum  Insulin  (plU/ml) 

(n=704) 

(n=267) 

(n=766) 

(continuous) b 
(discrete) 

Abnormal  Low 
Normal 

Abnormal  High 

x  =43.67 
14.9% 
47.7% 
37.4% 

x  =52.55 
10.9% 
42.7% 
46.4% 

x  =50.58 
11.7% 
44.0% 
44.3% 

0.001 

0.024 

a-l-C  Hemoglobin  (percent) 

(n=833) 

(n=338) 

(n=947) 

(continuous) b 
(discrete) 

High 

x  =6.33 
7.8% 

x  =6.61 
13.6% 

x  =6.58 
12.2% 

<0.001 

0.002 

Total  Testosterone  (ng/dl) 

(n=815) 

(n=328) 

(n=934) 

(continuous) c 
(discrete) 

Low 

x  =410.7 
7.7% 

x  =433.4 
7.0% 

x  =429.7 
8.1% 

0.043 

0.804 

Free  Testosterone  (pg/ml) 

(n=815) 

(n=328) 

(n=934) 

(continuous) c 
(discrete) 

Low 

x  =13.12 
2.1% 

x  =13.99 
2.1% 

x  =14.65 
1.2% 

<0.001 

0.267 

Estradiol  (pg/ml) 

(n=835) 

(n=338) 

(n=948) 

(continuous) c 
(discrete) 

High 

x  =40.39 
26.2% 

x  =41.66 
30.5% 

x  =39.96 
27.8% 

0.271 

0.331 

LH  (mlU/ml) 

(n=835) 

(n=338) 

(n=948) 

(continuous)  b 
(discrete) 

High 

x  =3.93 
6.2% 

x  =3.86 
4.1% 

x  =3.80 
5.6% 

0.553 

0.372 

FSH  (mlU/ml) 

(n=835) 

(n=338) 

(n=948) 

(continuous)  b 
(discrete) 

High 

x  =6.31 
10.4% 

x  =6.00 
9.2% 

x  =5.75 
5.5% 

0.008 

0.001 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
(Continued) 


:  ;  •  l  ■  :  . 

'  £■  %  |.  f\£ 

Personality  Type 

BodyFat 

Level 

TypeA 

Type  B 

Obese 

Lean/Normal 

p-Valoe 

Past  Thyroid  Disease 

(n=816) 

(n=  1,290) 

Yes 

7.8% 

8.2% 

0.822 

- 

-- 

— 

Composite  Diabetes 

(n=809) 

(n=  1,279) 

(n=609) 

(n=l,482) 

Indicator 

Diabetic 

13.0% 

19.5% 

0.001 

28.6% 

12.1% 

0.001 

Diabetic  Severity 

(n=809) 

(n= 1,279) 

(n=609) 

(n=l,482) 

Nondiabetic 

89.0% 

83.0% 

0.001 

75.7% 

89.3% 

0.001 

No  Treat. 

4.3% 

6.3% 

9.9% 

3.7% 

Diet  Only 

1.1% 

2.1% 

2.1% 

1.6% 

Oral  Hypo. 

3.5% 

6.8% 

10.2% 

3.6% 

Req.  Insulin 

2.1% 

1.9% 

2.1% 

1.9% 

Time  to  Diabetes 

(n=809) 

(n= 1,279) 

(n=2,091) 

Onset 

p=0.129 e 

<0.001 

p=- 

-0.024 

<0.001 

Thyroid  Gland 

(n=791) 

(n=l,252) 

Abnormal 

0.9% 

1.2% 

0.654 

- 

- 

— 

Testicular 

(n=810) 

(n=  1,285) 

(n=612) 

(n=  1,486) 

Examination 

Abnormal 

3.8% 

4.3% 

0.692 

2.8% 

4.6% 

0.066 

TSH  (plU/ml) 

(n=789) 

(n= 1,248) 

(continuous)  b 

x  =1.81 

x  =1.85 

0.423 

- 

- 

-- 

(discrete) 

Abn.  Low 

1.3% 

0.7% 

0.449 

- 

— 

— 

Normal 

95.1% 

95.8% 

Abn.  High 

3.7% 

3.5% 

Thyroxine  (p,g/dl) 

(n=789) 

(n=  1,248) 

(continuous) c 

x  =7.02 

x  =7.08 

0.368 

- 

- 

- 

(discrete) 

Low 

2.2% 

3.0% 

0.286 

— 

— 

— 

Anti-Thyroid 

(n=789) 

(n=  1,248) 

Antibodies 

Present 

0.6% 

0.6% 

0.999 

— 

— 

— 

Fasting  Glucose 
(mg/dl) 

(n=817) 

(n=  1,298) 

(n=620) 

(n=  1,498) 

(continuous)  b 

x  =99.6 

x  =102.9 

0.001 

r=0.212 

<0.001 

(discrete) 

High 

13.6% 

19.4% 

0.001 

26.8% 

13.2% 

0.001 

2-Hour  Postprandial 
Glucose  (mg/dl) 

(n=704) 

(n= 1,030) 

(n=435) 

(n=  1,302) 

(continuous)  0 

x  =103.3 

x  =106.3 

0.035 

r=0.282 

<0.001 

(discrete) 

Impaired 

16.1% 

15.6% 

0.866 

27.4% 

11.9% 

0.001 

Fasting  Urinary 

(n=817) 

(n= 1,298) 

(n=620) 

(n=l,498) 

Glucose 

Present 

2.6% 

5.2% 

0.004 

6.8% 

3.1% 

0.001 

2-Hour  Postprandial 

(n=703) 

(n= 1,027) 

(n=433) 

(n= 1,300) 

Urinary  Glucose 

Present 

23.0% 

23.5% 

0.884 

24.7% 

22.8% 

0.446 
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Table  F-8.  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
(Continued) 


;:|ti 

irsonality  Type 

Bod;  Fat 

Dependent  Variable 

Level  Type  A 

Type  B 

p- Value 

Obese  Lean/Nortnal 

p-Value 

Serum  Insulin 

(plU/ml) 

(n=704) 

(n= 1,030) 

(n=435)  (n= 1,302) 

(continuous) b 

x  =44.72 

x  =50.42 

0.006 

r=0.433 

<0.001 

(discrete) 

Abn.  Low  14.9% 

11.4% 

0.018 

2.5%  16.4% 

0.001 

Normal  46.7% 

44.5% 

26.4%  51.6% 

Abn.  High  38.4% 

44.2% 

71.0%  32.0% 

oc-l-C  Hemoglobin 

(percent) 

(n=817) 

(n=  1,298) 

(n=620)  (n=l,498) 

(continuous)  b 

x  =6.36 

x  =6.57 

<0.001 

r=0.227 

<0.001 

(discrete) 

High  7.5% 

12.8% 

0.001 

17.4%  7.9% 

0.001 

Total  Testosterone 

(ng/dl) 

(n=800) 

(ns 1,274) 

(n=607)  (n= 1,470) 

(continuous) c 

x  =432.2 

x  =417.1 

0.059 

r=-0.382 

<0.001 

(discrete) 

Low  7.5% 

7.9% 

0.787 

15.3%  4.7% 

0.001 

Free  Testosterone 

(pg/ml) 

(n=800) 

(n= 1,274) 

(n=607)  (n=  1,470) 

(continuous) c 

x  =14.37 

x  =13.68 

0.001 

r=-0.272 

<0.001 

(discrete) 

Low  1.0% 

2.1% 

0.080 

3.1%  1.1% 

0.002 

IllfPftl 

.  Family  History  eS  Diabetes  |f  | 

Lev^ 

Yes 

fill .  : 

I  $  lilt! 

No 

p-Value 

Composite  Diabetes 

(n=547) 

(n=  1,525) 

Indicator 

Diabetic 

24.9% 

14.1% 

0.001 

Diabetic  Severity 

(n=547) 

(n=  1,525) 

Nondiabetic 

77.7% 

88.0% 

0.001 

No  Treatment 

7.5% 

4.8% 

Diet  Only 

2.2% 

1.6% 

Oral  Hypoglycemic 

9.1% 

4.3% 

Requiring  Insulin 

3.5% 

1.4% 

Time  to  Diabetes  Onset 

(n=547) 

(n=  1,544) 

(5=-0.196f 

<0.001 

Fasting  Glucose  (mg/dl) 

(n=556) 

(n=  1,543) 

(continuous)  b 

x  =107.1 

x  =99.8 

<0.001 

(discrete) 

High 

25.2% 

14.4% 

0.001 

2-Hour  Postprandial 

Glucose  (mg/dl) 

(n=41 1) 

(n=l,310) 

(continuous) b 

x  =108.9 

x  =104.0 

0.003 

(discrete) 

Impaired 

19.5% 

14.7% 

0.024 
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Table  F-8 .  Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 
(Continued) 


Dependent  Variable 

•  $  Z 1  i  |  f  "1-  f,  %  'fL|  f  ‘  ■ 4-  i 
» \  ;li  *  f  l  4.L 

I 

family  History  of  Diabet< 

s 

Level 

No 

p-V*Iue 

Fasting  Urinary  Glucose 

(n=556) 

(n=  1,543) 

Present 

6.1% 

3.5% 

0.012 

2-Hour  Postprandial 

(n=411) 

(n=  1,306) 

Urinary  Glucose 

Present 

25.1% 

22.7% 

0.349 

Serum  Insulin  (plU/ml) 

(n=411) 

(n=l,310) 

(continuous)  b 

x  =54.32 

x  =46.28 

0.001 

(discrete) 

Abnormal  Low 

8.5% 

14.2% 

0.001 

Normal 

41.8% 

46.4% 

Abnormal  High 

49.6% 

39.4% 

a- 1  -C  Hemoglobin 

(n=556) 

(n=  1,543) 

(percent) 

(continuous) b 

x  =6.73 

x  =6.40 

<0.001 

(discrete) 

High 

16.0% 

8.8% 

0.001 

a  Estimated  coefficient  relative  to  non-Blacks. 

b  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 
c  Analysis  performed  on  square  root  scale;  means  transformed  from  square  root  scale. 
d  Estimated  coefficient  relative  to  officers. 
c  Estimated  coefficient  relative  to  personality  type  B. 
f  Estimated  coefficient  relative  to  no  family  history  of  diabetes. 

— :  Covariate  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 


Dependent  Variable 

Level 

Age 

•  i  i 

Born  £1942  Born  <1942 

p-Vaiue 

Black 

Non-Black 

p*Value 

CD3+  Cells  (T  Cells) 

(n=774) 

(n=46) 

(n=728) 

(cells/mm3)a 

r=-0.099 

0.006 

x  =1,363.1 

x  =1,239.6 

0.095 

CD4+  Cells  (Helper  T  Cells) 

(n=774) 

(n=46) 

(n=728) 

(cells/mm3)a 

r=-0.140 

<0.001 

x  =958.7 

x  =844.4 

0.023 

CD8+  Cells  (Suppressor  T 

(n=774) 

(n=46) 

(n=728) 

Cells)  (celis/mm3)a 

r=0.007 

0.845 

x  =621.4 

x  =575.0 

0.278 

CD  16+56+  Cells  (Natural 

(n=774) 

(n=46) 

(n=728) 

Killer  Cells)  (cells/mm3)a 

r=0.102 

0.005 

x  =288.1 

x  =267.7 

0.326 

CD20+  Cells  (B  Cells) 

(n=773) 

(n=46) 

(n=727) 

(cells/mm3)a 

r=-0.240 

<0.001 

x  =232.9 

x  =182.2 

0.007 

CD3+CD4+  Cells  (Helper  T 

(n=774) 

(n=46) 

(n=728) 

Cells)  (cells/mm3)a 

r=-0.142 

<0.001 

x  =860.6 

x  =770.2 

0.061 

Absolute  Lymphocytes 

(n=2,029) 

(n=125) 

(n=  1,904) 

(cells/mm3)8 

r=-0.097 

<0.001 

x  =1,879.4 

x  =1,772.9 

0.070 

IgA  (mg/dl)a 

(n=2,029) 

(n=125) 

(n=  1,904) 

r=0.056 

0.012 

x  =247.6 

x  =232.0 

0.142 

IgG  (mg/dl)a 

(n=2,029) 

(n=125) 

(n=  1,904) 

r=0.021 

0.337 

x  =1,266.8 

x  =1,029.2 

<0.001 

IgM  (mg/dl)a 

(n=2,029) 

(n=125) 

(n= 1,904) 

r=-0.063 

0.005 

x  =85.4 

x  =98.4 

0.004 

Lupus  Panel:  ANA  Test 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Present 

49.9%  53.7% 

0.098 

47.2% 

52.4% 

0.304 

Lupus  Panel:  ANA  Thyroid 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Microsomal  Antibody 

Present 

2.4%  3.2% 

0.366 

4.0% 

2.8% 

0.608 

Lupus  Panel:  MSK  Smooth 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Muscle  Antibody 

Present 

11.9%  12.3% 

0.867 

19.2% 

11.7% 

0.018 

Lupus  Panel:  MSK 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Mitochondrial  Antibody 

Present 

0.2%  0.4% 

0.885 

0.0% 

0.3% 

0.999 

Lupus  Panel:  MSK  Parietal 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Antibody 

Present 

3.9%  4.6% 

0.466 

10.4% 

3.9% 

0.001 

Lupus  Panel:  Rheumatoid 

(n=905)  (n=l,124) 

(n=125) 

(n= 1,904) 

Factor 

Present 

9.5%  12.2% 

0.064 

11.2% 

11.0% 

0.999 
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Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 
( Continued ) 


Dependent  Variable 

lift!  Jll  MM:- 

Occupatio 

a;  • 

o’  *.*i 

Level 

[|||]  lift  1 

Enlisted  Flyer 

Enlisted  Grounder 

• 

ew 

. 

p- Value 

CD3+  Cells  (T  Cells) 

(n=299) 

(n=134) 

(n=341) 

(cells/mm3)a 

0.142 

x  =1,208.0 

x  =1,248.6 

x  =1,280.7 

CD4+  Cells  (Helper  T  Cells) 

(n=299) 

(n=134) 

(n=341) 

(cells/mm3)a 

0.246 

x  =830.7 

x  =843.9 

x  =871.7 

CD8+  Cells  (Suppressor  T 

(n=299) 

(n=134) 

(n=341) 

Cells)  (cells/mm3)a 

0.159 

x  =554.9 

x  =599.1 

x  =590.0 

CD  16+56+  Cells  (Natural 

(n=299) . 

(n=134) 

(n=341) 

Killer  Cells)  (cells/mm3)a 

0.901 

x  =271.6 

x  =266.5 

x  =267.5 

CD20+  Cells  (B  Cells) 

(n=298) 

(n=134) 

(n=341) 

(cells/mm3)a 

0.002 

x  =170.8 

x  =178.8 

x  =200.9 

CD3+CD4+  Cells  (Helper  T 

(n=299) 

(n=134) 

(n=341) 

Cells)  (cells/mm3)a 

0.236 

x  =755.7 

x  =768.6 

x  =795.7 

Absolute  Lymphocytes 

(n=802) 

(n=320) 

(n=907) 

(cells/mm3)a 

x  =1,703.3 

x  =1,788.5 

x  =1,845.8 

<0.001 

IgA  (mg/dl)a 

(n=802) 

(n=320) 

(n=907) 

x  =225.0 

x  =237.3 

x  =238.7 

0.030 

IgG  (mg/dl)a 

(n=802) 

(n=320) 

(n=907) 

x  =1,026.7 

x  =1,036.8 

x  =1,058.6 

0.019 

IgM  (mg/dl)a 

(n=802) 

(n=320) 

(n=907) 

x  =95.6 

x  =99.9 

x  =98.4 

0.360 

Lupus  Panel:  ANA  Test 

(n=802) 

(n=320) 

(n=907) 

Present 

52.2% 

50.0% 

52.6% 

0.720 

Lupus  Panel:  ANA  Thyroid 

(n=802) 

(n=320) 

(n=907) 

Microsomal  Antibody 

Present 

3.1% 

2.5% 

2.8% 

0.829 

Lupus  Panel:  MSK  Smooth 

(n=802) 

(n=320) 

(n=907) 

Muscle  Antibody 

Present 

11.5% 

12.8% 

12.5% 

0.756 

Lupus  Panel:  MSK 

(n=802) 

(n=320) 

(n=907) 

Mitochondrial  Antibody 

Present 

0.6% 

0.3% 

0.0% 

0.060 

Lupus  Panel:  MSK  Parietal 

(n=802) 

(n=320) 

(n=907) 

Antibody 

Present 

3.6% 

4.7% 

4.7% 

0.482 

Lupus  Panel:  Rheumatoid 

(n=802) 

(n=320) 

(n=907) 

Factor 

Present 

12.3% 

13.1% 

9.0% 

0.038 
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Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 
(Continued) 


Dependent  Variable 

Current  Cigarette  Smoldng  (dgarettes/day} 

, 

Level 

0-Never 

0-Former 

>0-20 

>20 

p- Value 

CD3+  Cells  (T  Cells) 

(n: 

=773) 

(cells/mm3)a 

r=0.233 

<0.001 

CD4+  Cells  (Helper  T  Cells) 

(n= 

=773) 

(cells/mm3)a 

r=0.242 

<0.001 

CD8+  Cells  (Suppressor  T 

(n; 

=773) 

Cells)  (cells/mm3)a 

r=0.126 

<0.001 

CD  16+56+  Cells  (Natural 

(n= 

=773) 

Killer  Cells)  (cells/mm3)a 

r=- 

-0.169 

<0.001 

CD20+  Cells  (B  Cells) 

(n: 

=772) 

(cells/mm3)a 

r=0.151 

<0.001 

CD3+CD4+  Cells  (Helper  T 

(n: 

=773) 

Cells)  (cells/mm3)a 

r=0.257 

<0.001 

Absolute  Lymphocytes 

(n= 

2,028) 

(cells/mm3)a 

r=0.190 

<0.001 

IgA  (mg/dl)a 

(n= 

2,028) 

r=-0.016 

0.460 

IgG  (mg/dl)a 

(n= 

2,028) 

r=- 

-0.114 

<0.001 

IgM  (mg/dl)a 

(n= 

OO 

© 

cs 

r=0.014 

0.532 

Lupus  Panel:  ANA  Test 

(n=571) 

(n=  1,060) 

(n=261) 

(n=136) 

Present 

50.8% 

49.1% 

63.2% 

59.6% 

0.001 

Lupus  Panel:  ANA  Thyroid 

(n=571) 

(n=  1,060) 

(n=261) 

(n=136) 

Microsomal  Antibody 

Present 

3.2% 

3.2% 

1.5% 

1.5% 

0.357 

Lupus  Panel:  MSK  Smooth 

(n=571) 

(n= 1,060) 

(n=261) 

(n=136) 

Muscle  Antibody 

Present 

11.0% 

11.9% 

17.2% 

8.8% 

0.037 

Lupus  Panel:  MSK 

(n=571) 

(n= 1,060) 

(n=261) 

(n=136) 

Mitochondrial  Antibody 

Present 

0.4% 

0.2% 

0.4% 

0.7% 

0.699 

Lupus  Panel:  MSK  Parietal 

(n=571) 

(n=l  ,060) 

(n=261) 

(n=136) 

Antibody 

Present 

3.9% 

4.3% 

4.6% 

5.9% 

0.760 

Lupus  Panel:  Rheumatoid 

(n=571) 

(n= 1,060) 

(n=261) 

(n=136) 

Factor 

Present 

11.6% 

10.5% 

11.5% 

11.8% 

0.889 

F-88 


Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 
(Continued) 


Lift 

{time  Cigarette  Si 

unking  History  (pack-ye 

ars)  , 

Dependent  Variable  Level 

0 

>0-10 

>10 

p- Value  ; 

CD3+  Cells  (T  Cells) 

(n=772) 

(cells/mm3)a 

r=0.058 

0.109 

CD4+  Cells  (Helper  T  Cells) 

(n=772) 

(cells/mm3)a 

r=0.070 

0.053 

CD8+  Cells  (Suppressor  T 

(n=772) 

Cells)  (cells/mm3)a 

r=0.016 

0.650 

CD  16+5 6+  Cells  (Natural 

(n=772) 

Killer  Cells)  (cells/mm3)a 

n=-0.054 

0.132 

CD20+  Cells  (B  Cells) 

(n=771) 

(cells/mm3)a 

r=0.018 

0.613 

CD3+CD4+  Cells  (Helper  T 

(n=772) 

Cells)  (cells/mm3)a 

r=0.077 

0.032 

Absolute  Lymphocytes 

(n=2,027) 

(cells/mm3)a 

r=0.091 

<0.001 

IgA  (mg/dl)a 

(n=2,027) 

r=0.018 

0.413 

IgG  (mg/dl)a 

(n=2,027) 

r=-0.105 

<0.001 

IgM  (mg/dl)a 

(n=2,027) 

r=0.034 

0.131 

Lupus  Panel:  ANA  Test 

(n=571) 

(n=540) 

(n=916) 

Present 

50.8% 

48.3% 

55.1% 

0.033 

Lupus  Panel:  ANA  Thyroid 

(n=571) 

(n=540) 

(n=916) 

Microsomal  Antibody  Present 

3.2% 

3.7% 

2.2% 

0.216 

Lupus  Panel:  MSK  Smooth 

(n=571) 

(n=540) 

(n=916) 

Muscle  Antibody  Present 

11.0% 

11.1% 

13.4% 

0.270 

Lupus  Panel:  MSK 

(n=571) 

(n=540) 

(n=916) 

Mitochondrial  Antibody  Present 

0.4% 

0.0% 

0.4% 

0.321 

Lupus  Panel:  MSK  Parietal 

(n=571) 

(n=540) 

(n=916) 

Antibody  Present 

3.9% 

5.2% 

4.0% 

0.482 

Lupus  Panel:  Rheumatoid 

(n=571) 

(n=540) 

(n=916) 

Factor  Present 

11.6% 

7.4% 

12.8% 

0.006 
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Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 
(Continued) 


•• 

Lifetime  Alcohol  History  (drink-years) 

.  i 

.. 

Dependent  Variable 

Level 

0 

>0-40  >40 

p- Value 

CD3+  Cells  (T  Cells) 

(n=772) 

(cells/mm3)a 

r=0.042 

0.244 

CD4+  Cells  (Helper  T  Cells) 

(n=772) 

(cells/mm3)a 

r=0.055 

0.124 

CD8+  Cells  (Suppressor  T 

(n=772) 

Cells)  (cells/mm3)a 

r=-0.005 

0.898 

CD  16+56+  Cells  (Natural  Killer 

(n=772) 

Cells)  (cells/mm3)a 

r=-0.05 1 

0.154 

CD20+  Cells  (B  Cells) 

(n=771) 

(cells/mm3)a 

r=-0.038 

0.287 

CD3+CD4+  Cells  (Helper  T 

(n=772) 

Cells)  (cells/mm3)a 

r=0.059 

0.104 

Absolute  Lymphocytes 

(n=2,021) 

(cells/mm3)a 

r=0.009 

0.678 

IgA  (mg/dl)a 

(n=2,021) 

r=0.038 

0.086 

IgG  (mg/dl)a 

(n=2,021) 

r=-0.060 

0.007 

IgM  (mg/dl)a 

(n=2,021) 

r=0.005 

0.835 

Lupus  Panel:  ANA  Test 

(n=112) 

(n=  1,324) 

(n=585) 

Present 

49.1% 

51.1% 

54.7% 

0.279 

Lupus  Panel:  ANA  Thyroid 

(n=112) 

(n=  1,324) 

(n=585) 

Microsomal  Antibody 

Present 

1.8% 

3.0% 

2.6% 

0.680 

Lupus  Panel:  MSK  Smooth 

(n=112) 

(n=  1,324) 

(n=585) 

Muscle  Antibody 

Present 

15.2% 

11.6% 

12.7% 

0.488 

Lupus  Panel:  MSK 

(n=112) 

(n= 1,324) 

(n=585) 

Mitochondrial  Antibody 

Present 

0.0% 

0.4% 

0.2% 

0.625 

Lupus  Panel:  MSK  Parietal 

(n=112) 

(n=  1,324) 

(n=585) 

Antibody 

Present 

6.3% 

4.7% 

2.9% 

0.116 

Lupus  Panel:  Rheumatoid 

(n=l  12) 

(n=  1,324) 

(n=585) 

Factor 

Present 

11.6% 

10.5% 

12.0% 

0.625 
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Table  F-9.  Dependent  Variable-Covariate  Associations  for  the  Immunologic  Assessment 
(Continued) 


\y  .‘S’  -j 

PhyacalAcI 

msmmm 

— 1 

Dependent  Variable 

Level 

|j  Active  | 

Moderate 

— 

1'  '  I 

CD3+  Cells  (T  Cells)  (cells/nunV 

(n=202) 

(n=149) 

(n=418) 

x  =1,168.8 

x  =1,174.1 

x=l, 315.1 

<0.001 

CD4+  Cells  (Helper  T  Cells) 

(n=202) 

(n=149) 

(n=418) 

(cells/mm3)a 

x  =807.1 

x  =806.8 

x  =889.2 

0.001 

CD 8+  Cells  (Suppressor  T  Cells) 

(n=202) 

(n=149) 

(n=418) 

(cells/mm3)a 

x  =548.3 

x  =539.1 

x  =608.3 

0.005 

CD  16+56+  Cells  (Natural  Killer 

(n=202) 

(n=149) 

(n=418) 

Cells)  (cells/mm3)a 

x  =267.5 

x  =269.4 

x  =268.8 

0.990 

CD20+  Cells  (B  Cells) 

(n=201) 

(n=149) 

(n=418) 

(cells/mm3)a 

x  =168.2 

x  =183.1 

x  =194.9 

0.017 

CD3+CD4+  Cells  (Helper  T 

(n=202) 

(n=149) 

(n=418) 

Cells)  (cells/mm3)a 

x  =732.5 

x  =728.9 

x  =814.3 

0.001 

Absolute  Lymphocytes 

(n=539) 

(n=400) 

(n=  1,077) 

(cells/mm3)a 

x  =1,719.7 

x  =1,722.7 

o 

00 

#• 

r-H 

II 

1  x 

<0.001 

IgA  (mg/dl)a 

(n=539) 

(n=400) 

(n=  1,077) 

x  =231.8 

x  =223.1 

x  =237.2 

0.088 

IgG  (mg/dl)a 

(n=539) 

(n=400) 

(n=  1,077) 

x  =1,040.4 

x  =1,030.0 

x  =1,047.1 

0.457 

IgM  (mg/dl)a 

(n=539) 

(n=400) 

(n=  1,077) 

x  =99.8 

x  =94.8 

x  =97.5 

0.344 

Lupus  Panel:  ANA  Test 

(n=539) 

(n=400) 

(n=  1,077) 

Present 

48.6% 

52.5% 

53.5% 

0.176 

Lupus  Panel:  ANA  Thyroid 

(n=539) 

(n=400) 

(n=  1,077) 

Microsomal  Antibody 

Present 

1.7% 

4.3% 

2.9% 

0.061 

Lupus  Panel:  MSK  Smooth 

(n=539) 

(n=400) 

(n=  1,077) 

Muscle  Antibody 

Present 

9.5% 

13.5% 

12.9% 

0.085 

Lupus  Panel:  MSK 

(n=539) 

(n=400) 

(n=  1,077) 

Mitochondrial  Antibody 

Present 

0.4% 

0.8% 

0.1% 

0.112 

Lupus  Panel:  MSK  Parietal 

(n=539) 

(n=400) 

(n=  1,077) 

Antibody 

Present 

3.9% 

4.3% 

4.5% 

0.871 

Lupus  Panel:  Rheumatoid  Factor 

(n=539) 

(n=400) 

(n=  1,077) 

Present 

10.2% 

9.5% 

12.0% 

0.314 

a  Analysis  performed  on  natural  logarithm  scale;  means  transformed  from  natural  logarithm  scale. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Table  F-10.  Dependent  Variable-Covariate  Associations  for  the  Pulmonary  Assessment 


Dependent 

Variable 

1 

Level 

Bornlippi 

Bora  <1942 

p-Value  ! 

Black 

Non-Black 

p- Value 

Asthma 

Yes 

(n=928) 

3.9% 

(n=  1,177) 
4.2% 

0.828 

(n=127) 

3.1% 

(n=l,978) 

4.1% 

0.770 

Bronchitis 

Yes 

(n=922) 

19.8% 

(n=l,148) 

20.5% 

0.768 

(n=126) 

13.5% 

(n=  1,944) 
20.6% 

0.069 

Pneumonia 

Yes 

(n=917) 

8.6% 

(n=l,113) 

13.1% 

0.002 

(n=125) 

12.8% 

(n=  1,905) 
11.0% 

0.628 

Thorax  and  Lung 
Abnormalities 

Yes 

(n=933) 

8.6% 

(n=l,188) 

13.6% 

0.001 

(n=128) 

5.5% 

(n= 1,993) 
11.8% 

0.042 

X-ray  Interpretation 

Abnormal 

(n=931) 

8.4% 

(n=l,188) 

11.6% 

0.018 

(n=128) 

6.3% 

(n=  1,991) 
10.4% 

0.171 

FVC 

(n=2,118) 

(n=128) 

(n=  1,990) 

r=- 

-0.035 

0.108 

x  =87.84 

x  =99.81 

<0.001 

FEVi 

(n=2,118) 

(n=128) 

(n=  1,990) 

r=- 

-0.143 

<0.001 

x  =86.83 

x  =94.71 

<0.001 

Ratio  of  Observed 
FEVi  to  Observed 
FVCa 

(n=2,118) 

r=0.266 

<0.001 

(n=128) 

x  =0.791 

(n=  1,990) 

x  =0.760 

<0.001 

Loss  of  Vital  Capacity 

None 

Mild 

Mod./Sev. 

(n=931) 

92.3% 

7.0% 

0.8% 

(n=  1,187) 
89.6% 
8.4% 

1.9% 

0.031 

(n=128) 

78.1% 

17.2% 

4.7% 

(n=  1,990) 
91.6% 
7.2% 
1.2% 

0.001 

Obstructive 

Abnormality 

None 

Mild 

Moderate 

Severe 

(n=931) 

75.1% 

21.9% 

2.6% 

0.4% 

(n=l,187) 

52.1% 

37.1% 

8.6% 

2.2% 

0.001 

(n=128) 

63.3% 

30.5% 

4.7% 

1.6% 

(n=  1,990) 
62.2% 
30.4% 
6.0% 
1.4% 

0.938 

F-93 


Table  F-10.  Dependent  Variable-Covariate  Associations  for  the  Pulmonary  Assessment 
(Continued) 


Dependent 

Variable 

. 

$  f  j:  |  i  I  111  '  | 

■  ■  ’  ■  *  ■  .  ^  *1 

'  '  n  l  ■  v  i  ~  'f 

Level 

Occupy 

idon 

. 

.  r  ■  ••  . 

■  -  • 

Officer 

Enlisted 

Ground  crew 

B 

Asthma 

(n=830) 

(n=336) 

(n=939) 

Yes 

4.2% 

3.3% 

4.2% 

0.738 

Bronchitis 

(n=811) 

(n=327) 

(n=932) 

Yes 

18.0% 

22.9% 

21.1% 

0.108 

Pneumonia 

(n=792) 

(n=319) 

(n=919) 

Yes 

12.4% 

10.7% 

10.1% 

0.323 

Thorax  and  Lung 

(n=835) 

(n=338) 

(n=948) 

Abnormalities 

Yes 

7.7% 

18.6% 

12.1% 

0.001 

X-ray  Interpretation 

(n=835) 

(n=338) 

(n=946) 

Abnormal 

9.7% 

9.8% 

10.8% 

0.723 

FVC 

(n=835) 

(n=337) 

(n=946) 

x  =100.28 

x  =99.22 

x  =97.99 

0.005 

FEVi 

(n=835) 

(n=337) 

(n=946) 

x  =95.57 

x  =91.76 

x  =93.90 

0.002 

Ratio  of  Observed 

(n=835) 

(n=337) 

(n=946) 

FE V  i  to  Observed 

FVCa 

x  =0.759 

x  =0.745 

x  =0.771 

<0.001 

Loss  of  Vital 

(n=835) 

(n=337) 

(n=946) 

Capacity 

None 

92.1% 

89.9% 

90.0% 

0.587 

Mild 

6.7% 

8.6% 

8.5% 

Moderate/Severe 

1.2% 

1.5% 

1.6% 

Obstructive 

(n=835) 

(n=337) 

(n=946) 

Abnormality 

None 

61.0% 

53.1% 

66.6% 

0.001 

Mild 

32.5% 

35.9% 

26.6% 

Moderate 

5.4% 

7.7% 

5.8% 

Severe 

1.2% 

3.3% 

1.0% 
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Table  F-10.  Dependent  Variable-Covariate  Associations  for  the  Pulmonary  Assessment 
(Continued) 


Yes 

- 

— 

— 

— 

-- 

Bronchitis 

Yes 

_ 

_ 

_ 

— 

— 

Pneumonia 

Yes 

_ 

_ 

_ 

__ 

— 

Thorax  and  Lung 
Abnormalities 

Yes 

(n=595) 

2.2% 

(n=  1,116) 
7.9% 

(n=272) 

29.8% 

(n=137) 

43.8% 

0.001 

X-ray  Interpretation 

Abnormal 

(n=595) 

8.4% 

(n=l,115) 

10.7% 

(n=272) 

10.3% 

(n=136) 

14.0% 

0.214 

FVC 

(0=2,117) 

r=-0.068 

0.002 

FEVi 

(n=2,l  17) 
r=-0.208 

<0.001 

Ratio  of  Observed 
FEVi  to  Observed 
FVCa 

(n=2,l  17) 
r=0.222 

<0.001 

Loss  of  Vital 
Capacity 

None 

Mild 

Moderate/Severe 

(n=595) 

92.9% 

6.1% 

1.0% 

(n=l,115) 

90.9% 

7.5% 

1.5% 

(n=270) 

86.7% 

11.5% 

1.9% 

(n=137) 

88.3% 

10.2% 

1.5% 

0.116 

Obstructive 

Abnormality 

None 

Mild 

Moderate 

Severe 

(n=595) 

78.0% 

20.0% 

1.7% 

0.3% 

(n=l,l  15) 
60.8% 
31.4% 
6.3% 
1.5% 

(n=270) 

45.9% 

40.7% 

10.4% 

3.0% 

(n=137) 

38.0% 

46.7% 

13.1% 

2.2% 

0.001 
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Table  F-10.  Dependent  Variable-Covariate  Associations  for  the  Pulmonary  Assessment 
(Continued) 


Life, 

a  me  Cigarette  Sm 

SDIIlflll 

Variable 

Level 

0 

>0-10 

•  ..  . 

>10 

. : . •' . 

p~  Value 

Asthma 

Yes 

(n=590) 

4.1% 

(n=553) 

4.5% 

(n=959) 

3.6% 

0.703 

Bronchitis 

Yes 

(n=582) 

16.8% 

(n=545) 

18.0% 

(n=940) 

23.5% 

0.002 

Pneumonia 

Yes 

(n=575) 

9.6% 

(n=538) 

9.3% 

(n=914) 

13.0% 

0.037 

Thorax  and  Lung 
Abnormalities 

Yes 

(n=595) 

2.2% 

(n=558) 

8.1% 

(n=965) 

19.0% 

0.001 

X-ray  Interpretation 

Yes 

(n=595) 

8.4% 

(n=557) 

8.6% 

(n=964) 

12.2% 

0.018 

FVC 

(n=2,115) 

r=_0.145 

<0.001 

FEVi 

(n=2,l  15) 
r=-0.302 

<0.001 

Ratio  of  Observed 
FEVi  to  Observed 
FVC* 

(n=2,l  15) 
r=0.291 

<0.001 

Loss  of  Vital 

Capacity 

None 

Mild 

Moderate/Severe 

(n=595) 

92.9% 

6.1% 

1.0% 

(n=556) 

92.4% 

6.3% 

1.3% 

(n=964) 

88.6% 

9.6% 

1.8% 

0.029 

Obstructive 

Abnormality 

None 

Mild 

Moderate 

Severe 

(n=595) 

78.0% 

20.0% 

1.7% 

0.3% 

(n=556) 

68.7% 

27.0% 

3.4% 

0.9% 

(n=964) 

49.0% 

38.8% 

9.9% 

2.4% 

0.001 
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Table  F-10.  Dependent  Variable-Covariate  Associations  for  the  Pulmonary  Assessment 
( Continued ) 


Dependent 

Variable 

I  1 1 1  i  |  y 

I-wJ 

Body  Fat 

%■,  a, .  f.  r  g 

*  :  '  *t  '  % 

|  i 

Industrial  Chemical  Exposure 

Normal 

2  t  II  S 

ill 

Ves 

iiMPSi'l 

Asthma 

(n=  1,489) 

(n=616) 

(n=801) 

(n=  1,304) 

Yes 

4.0% 

4.1% 

0.999 

3.9% 

4.1% 

0.847 

Bronchitis 

(n= 1,464) 

(n=606) 

(n=786) 

(n=  1,284) 

Yes 

20.2% 

20.3% 

0.988 

17.2% 

22.0% 

0.009 

Pneumonia 

(n= 1,437) 

(n=593) 

(n=765) 

(n=  1,265) 

Yes 

10.9% 

11.5% 

0.783 

11.4% 

10.9% 

0.803 

Thorax  and  Lung 

(n=l,501) 

(n=620) 

(n=804) 

(n=l,317) 

Abnormalities 

Yes 

12.3% 

9.2% 

0.047 

9.7% 

12.5% 

0.062 

X-ray  Interpretation 

(n= 1,499) 

(n=620) 

(n=804) 

(n=l,315) 

Abnormal 

10.1% 

10.5% 

0.837 

10.2% 

10.2% 

0.999 

FVC 

(n=2, 118) 

(n=803) 

(n=l,315) 

r=- 

-0.224 

<0.001 

x  =99.77 

x  =98.67 

0.102 

FEVi 

(n=2,118) 

(n=803) 

(n=l,3 15) 

r=- 

-0.070 

0.001 

x  =95.04 

x  =93.72 

0.092 

Ratio  of  Observed 

(n=2,118) 

(n=803) 

(n=l,315) 

FEVi  to  Observed 

FVC* 

r=-0.178 

<0.001 

x  =0.761 

x  =0.763 

0.587 

Loss  of  Vital 

(n=  1,498) 

(n=620) 

(n=803) 

(n=l,315) 

Capacity 

None 

92.9% 

85.8% 

0.001 

92.5% 

89.7% 

0.064 

Mild 

6.1% 

11.9% 

6.6% 

8.5% 

Mod./Severe 

1.1% 

2.3% 

0.9% 

1.7% 

Obstructive 

(n=  1,498) 

(n=620) 

(n=803) 

(n=l,315) 

Abnormality 

None 

61.0% 

65.2% 

0.165 

61.8% 

62.5% 

0.587 

Mild 

31.4% 

28.1% 

31.1% 

30.0% 

Moderate 

5.9% 

6.0% 

6.1% 

5.9% 

Severe 

1.7% 

0.8% 

1.0% 

1.7% 

a  Analysis  performed  on  natural  logarithm  of  (1  -  ratio  of  observed  FEVi  to  observed  FVC)  scale;  means 
transformed  from  natural  logarithm  of  (1  -  ratio  of  observed  FEVi  to  observed  FVC)  scale;  because  of  this 
transformation,  a  negative  correlation  implies  a  positive  association  between  the  ratio  and  the  covariate. 

— :  Covariate  not  applicable  for  dependent  variable. 

Note:  Correlations  (r)  are  based  on  total  sample  size  and  are  not  category-specific. 
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Appendix  G.  Summary  of  Analysis  Results 


This  appendix  contains  a  summary  of  the  results  from  the  exposure  analyses  performed  for  this  report 
and  contained  in  Chapters  9  through  18.  This  summary  is  organized  into  24  tables,  grouped  by  analysis 
(unadjusted  or  adjusted),  data  form  (continuous,  dichotomous,  or  polytomous),  and  model  (1,  2,  3,  or  4). 
Each  table  contains  a  reference  to  its  corresponding  table  in  Chapters  9  through  18  and  a  description  of 
the  clinical  parameter  being  summarized.  The  summary  statistics,  grouped  by  model  and  presented  for 
each  analysis  and  data  form,  are  described  below. 

G.1  Model  1 

For  analyses  of  continuous  data  using  Model  1  (Tables  G-l  and  G-13),  the  occupational  category.  Ranch 
Hand  mean,  Comparison  mean,  difference  of  Ranch  Hand  and  Comparison  means  along  with  the 
associated  95-percent  confidence  interval  (C.I.),  and  p-value  are  given  for  the  unadjusted  and  adjusted 
analyses.  For  analyses  of  dichotomous  data  using  Model  1  (Tables  G-5  and  G-l 7),  the  occupational 
category,  estimated  or  adjusted  relative  risk  and  associated  95-percent  confidence  interval,  and  p-value 
are  given  for  the  unadjusted  and  adjusted  analyses.  The  number  and  percentage  of  abnormalities  within 
the  Ranch  Hand  and  Comparison  groups  are  given  for  the  unadjusted  analyses.  For  analyses  of 
polytomous  data  using  Model  1  (Tables  G-9  and  G-21),  the  contrast  (of  the  specified  abnormal  category 
versus  the  normal  category),  occupational  category,  estimated  or  adjusted  relative  risk  and  associated  95- 
percent  confidence  interval,  and  p-value  are  given  for  the  unadjusted  and  adjusted  analyses.  The  number 
and  percentage  of  Ranch  Hands  and  Comparisons  within  each  abnormal  level  are  given  for  the 
unadjusted  analyses. 

G.2  Models  2  and  4 

For  analyses  of  continuous  data  using  Models  2  and  4,  (Tables  G-2  and  G-14  for  Model  2;  Tables  G-4 
and  G-l 6  for  Model  4),  the  coefficient  of  determination  (R2),  slope,  standard  error,  and  p-value  are  given 
for  the  unadjusted  and  adjusted  analyses.  For  analyses  of  dichotomous  data  using  Models  2  and  4 
(Tables  G-6  and  G-l 8  for  Model  2;  Tables  G-8  and  G-20  for  Model  4),  the  estimated  or  adjusted  relative 
risk  and  associated  95-percent  confidence  interval,  and  p-value  are  given  for  the  unadjusted  and  adjusted 
analyses.  For  analyses  of  polytomous  data  using  Models  2  and  4  (Tables  G-10  and  G-22  for  Model  2; 
Tables  G-l 2  and  G-24  for  Model  4),  the  contrast  (of  the  specified  abnormal  category  versus  the  normal 
category),  the  estimated  or  adjusted  relative  risk  and  associated  95-percent  confidence  interval,  and  p- 
value  are  given  for  the  unadjusted  and  adjusted  analyses. 

G.3  Model  3 

For  analyses  of  continuous  data  using  Model  3  (Tables  G-3  and  G-l 7),  the  R2,  dioxin  category,  dioxin 
category  sample  size  (n)  and  mean,  difference  of  Ranch  Hand  dioxin  category  and  Comparison  dioxin 
category  means  along  with  the  associated  95-percent  confidence  interval,  and  p-value  are  given  for  the 
unadjusted  and  adjusted  analyses.  For  analyses  of  dichotomous  data  using  Model  3  (Tables  G-7  and 
G-19),  the  dioxin  category,  sample  size,  estimated  or  adjusted  relative  risk  and  associated  95-percent 
confidence  interval  for  each  Ranch  Hand  category  versus  Comparison  contrast,  and  p-value  are  given  for 
the  unadjusted  and  adjusted  analyses.  The  number  and  percentage  of  abnormalities  within  each  dioxin 
category  are  given  for  unadjusted  analyses.  For  analyses  of  polytomous  data  using  Model  3  (Tables  G-l  1 


G-l 


and  G-23),  the  contrast  (of  the  specified  abnormal  category  versus  the  normal  category),  dioxin  category, 
sample  size,  estimated  or  adjusted  relative  risk  and  associated  95-percent  confidence  interval  for  each 
Ranch  Hand  category  versus  Comparison  contrast,  and  p-value  are  given  for  the  unadjusted  and  adjusted 
analyses.  The  number  and  percentage  of  each  abnormal  level  within  each  dioxin  category  are  given  for 
the  unadjusted  analyses. 


A  summary  of  the  analysis  (unadjusted  or  adjusted),  data  form  (continuous,  dichotomous,  or 
polytomous),  and  model  (1,  2,  3,  or  4)  for  each  table  in  Appendix  G  is  given  below. 


CfESK  • 1 ' ; ;  ’ 

Unadjusted 

Continuous 

i 

G-2 

Unadjusted 

Continuous 

2 

G-3 

Unadjusted 

Continuous 

3 

G-4 

Unadjusted 

Continuous 

4 

G-5 

Unadjusted 

Dichotomous 

1 

G-6 

Unadjusted 

Dichotomous 

2 

G-7 

Unadjusted 

Dichotomous 

3 

G-8 

Unadjusted 

Dichotomous 

4 

G-9 

Unadjusted 

Polytomous 

1 

G-10 

Unadjusted 

Polytomous 

2 

G-ll 

Unadjusted 

Polytomous 

3 

G-12 

Unadjusted 

Polytomous 

4 

G-13 

Adjusted 

Continuous 

1 

G-14 

Adjusted 

Continuous 

2 

G-15 

Adjusted 

Continuous 

3 

G-16 

Adjusted 

Continuous 

4 

G-17 

Adjusted 

Dichotomous 

1 

G-18 

Adjusted 

Dichotomous 

2 

G-19 

Adjusted 

Dichotomous 

3 

G-20 

Adjusted 

Dichotomous 

4 

G-21 

Adjusted 

Polytomous 

1 

G-22 

Adjusted 

Polytomous 

2 

G-23 

Adjusted 

Polytomous 

3 

G-24 

Adjusted 

Polytomous 

4 

Table  G-1 .  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1  (Ranch  Hands 
vs.  Comparisons) 


§gf 

||  K|g| g 

Mea 

Ml 

PP  %  mm  %  ^  m  app  n  *  j 

^  ♦  1  ’  .  *.  ‘  *  4  : 

■<k  '  '  ‘  ^  .  -: 

i  '  5-.  J;  V] 

UikSA  iV-I  <  \  &  w 

111 
,  ■ 

;  !i 

Pit 
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9-6 

Body  Fat  (percent) a 

All 

22.09 

22.28 

-0.19- 

0.436 

Officer 

22.04 

21.87 

0.17- 

0.656 

Enlisted  Flyer 

21.69 

22.20 

-0.51  - 

0.390 

Enlisted  Groundcrew 

22.30 

22.67 

-0.37  - 

0.318 

9-8 

Erythrocyte 

All 

4.82 

4.74 

0.09  - 

0.680 

Sedimentation  Rate 

Officer 

4.36 

4.41 

-0.05  - 

0.873 

(mm/hr) b 

Enlisted  Flyer 

5.35 

5.83 

-0.47  - 

0.429 

Enlisted  Groundcrew 

5.06 

4.71 

0.35  - 

0.263 

10-35 

PSA  (ng/ml) a 

All 

1.104 

1.120 

-0.016- 

0.671 

Officer 

1.195 

1.229 

-0.034  - 

0.613 

Enlisted  Flyer 

1.241 

1.234 

0.007  - 

0.949 

Enlisted  Groundcrew 

0.985 

1.005 

-0.020  - 

0.693 

13-11 

AST  (U/l) a 

All 

23.01 

22.88 

0.13- 

0.705 

Officer 

23.40 

23.34 

0.06  - 

0.914 

Enlisted  Flyer 

22.17 

22.48 

-0.32  - 

0.696 

Enlisted  Groundcrew 

22.99 

22.60 

0.39  - 

0.447 

13-13 

ALT  (U/l)  a 

All 

42.58 

42.45 

0.13- 

0.803 

Officer 

42.21 

41.79 

0.42  - 

0.613 

Enlisted  Flyer 

41.21 

42.59 

-1.38- 

0.290 

Enlisted  Groundcrew 

43.50 

42.99 

0.51- 

0.537 

13-15 

GGT  (U/l) a 

All 

43.62 

42.61 

1.01  - 

0.340 

Officer 

42.32 

40.74 

1.57- 

0.332 

Enlisted  Flyer 

44.45 

45.29 

-0.84  - 

0.758 

Enlisted  Groundcrew 

44.52 

43.44 

1.09- 

0.506 

13-17 

Alkaline  Phosphatase 

All 

81.81 

79.65 

2.16- 

0.024 

(U/l)a 

Officer 

78.44 

76.74 

1.70  - 

0.241 

Enlisted  Flyer 

83.79 

83.45 

0.34  - 

0.889 

Enlisted  Groundcrew 

84.22 

81.04 

3.18- 

0.030 

13-19 

Total  Bilirubin  (mg/dl)  a 

All 

0.518 

0.520 

-0.002  - 

0.857 

Officer 

0.546 

0.543 

0.003  - 

0.887 

Enlisted  Flyer 

0.489 

0.513 

-0.023  - 

0.365 

Enlisted  Groundcrew 

0.506 

0.503 

0.003  - 

0.869 

13-22 

Lactic  Dehydrogenase 

All 

154.0 

153.8 

0.3  - 

0.822 

(U/l)a 

Officer 

153.9 

154.4 

-0.5  - 

0.799 

Enlisted  Flyer 

152.3 

152.5 

-0.3  - 

0.927 

Enlisted  Groundcrew 

154.9 

153.7 

1.2  - 

0.488 

13-24 

Cholesterol  (mg/dl) c 

All 

211.4 

211.7 

-0.3  - 

0.838 

Officer 

206.2 

210.0 

-3.8  - 

0.149 

Enlisted  Flyer 

215.0 

216.3 

-1.3  - 

0.760 

Enlisted  Groundcrew 

214.7 

211.8 

3.0  - 

0.239 
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Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


as® 

ilia 

lllfiftilfai 

*11$  iSS 

P9SEHH 

■ 

u  \  i 

13-26 

HDL  Cholesterol 

All 

44.97 

44.84 

0.13- 

0.805 

(mg/dl) a 

Officer 

46.64 

46.68 

-0.04  - 

0.965 

Enlisted  Flyer 

45.07 

43.58 

1.49  - 

0.240 

Enlisted  Groundcrew 

43.44 

43.69 

-0.25  - 

0.739 

13-28 

Cholesterol-HDL  Ratio a 

All 

4.66 

4.68 

-0.02  - 

0.723 

Officer 

4.39 

4.46 

-0.07  - 

0.425 

Enlisted  Flyer 

4.72 

4.93 

-0.21  - 

0.155 

Enlisted  Groundcrew 

4.90 

4.81 

0.10- 

0.282 

13-30 

Triglycerides  (mg/dl) a 

All 

122.8 

120.7 

2.1- 

0.539 

Officer 

114.9 

111.7 

3.2- 

0.523 

Enlisted  Flyer 

123.9 

137.7 

-13.8  - 

0.122 

Enlisted  Groundcrew 

130.0 

123.6 

6.4  - 

0.230 

13-32 

Creatine  Phosphokinase 

All 

106.3 

105.5 

0.8  - 

0.791 

(U/l)a 

Officer 

105.8 

104.3 

1.4  - 

0.748 

Enlisted  Flyer 

97.2 

101.0 

-3.8  - 

0.562 

Enlisted  Groundcrew 

110.8 

108.2 

2.6  - 

0.565 

13-34 

Serum  Amylase  (U/l)  a 

All 

56.92 

56.85 

0.07  - 

0.942 

Officer 

54.88 

57.86 

-2.98  - 

0.048 

Enlisted  Flyer 

58.46 

55.91 

2.55  - 

0.284 

Enlisted  Groundcrew 

58.23 

56.29 

1.95  - 

0.182 

13-41 

Prealbumin  (mg/dl) 

All 

29.54 

29.61 

-0.07  (-0.50,0.37) 

0.766 

Officer 

29.65 

29.87 

-0.22  (-0.92,0.47) 

0.532 

Enlisted  Flyer 

29.56 

29.33 

0.23  (-0.85,1.31) 

0.679 

Enlisted  Groundcrew 

29.44 

29.48 

-0.03  (-0.70,0.63) 

0.922 

13-43 

Albumin  (mg/dl) 

All 

4,195.6 

4,201.2 

-5.6  (-34.9,23.8) 

0.709 

Officer 

4,172.9 

4,204.6 

-31.8  (-78.3,14.8) 

0.181 

Enlisted  Flyer 

4,190.0 

4,159.9 

30.1  (-42.4,102.5) 

0.416 

Enlisted  Groundcrew 

4,218.8 

4,211.9 

7.0  (-37.3,51.2) 

0.758 

13-45 

a- 1 -Acid  Glycoprotein 

All 

84.65 

84.15 

0.50  - 

0.550 

(mg/dl) a 

Officer 

80.89 

82.22 

-1.33  - 

0.298 

Enlisted  Flyer 

85.49 

85.88 

-0.38  - 

0.855 

Enlisted  Groundcrew 

87.92 

85.31 

2.61  - 

0.044 

13-47 

a- 1 -Antitrypsin  (mg/dl) c 

All 

150.0 

146.5 

3.5  - 

0.002 

Officer 

143.9 

143.0 

0.9  - 

0.609 

Enlisted  Flyer 

155.3 

151.1 

4.2  - 

0.136 

Enlisted  Groundcrew 

153.5 

148.0 

5.5  - 

0.001 

13-49 

<x-2-Macroglobulin 

All 

170.6 

171.3 

-0.7  - 

0.726 

(mg/dl)  8 

Officer 

170.6 

171.0 

-0.4  - 

0.901 

Enlisted  Flyer 

177.0 

177.4 

-0.4  - 

0.935 

Enlisted  Groundcrew 

168.1 

169.6 

-1.5  - 

0.608 

13-51 

Apolipoprotein  B 

All 

110.5 

111.5 

-1.1  - 

0.320 

(mg/dl) c 

Officer 

106.4 

109.6 

-3.3  - 

0.053 

Enlisted  Flyer 

113.2 

115.2 

-2.0  - 

0.463 

Enlisted  Groundcrew 

113.1 

112.0 

1.2  - 

0.479 
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Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
( Ranch  Hands  vs.  Comparisons)  ( Continued ) 


fkummm  swhki 
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WtfflMM 

lii 

HR 

13-53 

C3  Complement 

All 

118.9 

118.5 

0.4  - 

0.640 

(mg/dl) a 

Officer 

114.9 

114.6 

0.3  - 

0.814 

Enlisted  Flyer 

120.3 

120.7 

-0.4  - 

0.862 

Enlisted  Groundcrew 

122.1 

121.3 

0.8  - 

0.537 

13-55 

C4  Complement 

All 

25.71 

25.91 

-0.20  - 

0.395 

(mg/dl) a 

Officer 

24.73 

25.54 

-0.81  - 

0.024 

Enlisted  Flyer 

26.52 

25.50 

-1.02  - 

0.076 

Enlisted  Groundcrew 

26.31 

26.38 

-0.06  - 

0.862 

13-57 

Haptoglobin  (mg/dl) c 

All 

135.2 

126.5 

8.7  - 

0.002 

Officer 

122.4 

116.3 

6.1- 

0.140 

Enlisted  Flyer 

147.8 

137.4 

10.4  - 

0.141 

Enlisted  Groundcrew 

142.5 

132.3 

10.2  - 

0.016 

13-59 

Transferrin  (mg/dl) 8 

All 

252.7 

249.6 

3.1- 

0.044 

Officer 

250.0 

248.4 

1.6- 

0.510 

Enlisted  Flyer 

254.5 

251.5 

3.0- 

0.439 

Enlisted  Groundcrew 

254.5 

250.0 

4.5- 

0.056 

14-7 

Systolic  Blood  Pressure 

All 

124.9 

125.6 

-0.7- 

0.383 

(mm  Hg) 8 

Officer 

125.9 

126.2 

-0.2- 

0.865 

Enlisted  Flyer 

127.0 

127.3 

-0.3  - 

0.875 

Enlisted  Groundcrew 

123.1 

124.5 

-1.4- 

0.241 

14-9 

Diastolic  Blood  Pressure  All 

74.55 

74.61 

-0.06 

0.883 

(mm  Hg) c 

Officer 

74.17 

74.21 

-0.04 

0.952 

Enlisted  Flyer 

75.22 

75.10 

0.12 

0.905 

Enlisted  Groundcrew 

74.63 

74.80 

-0.17 

0.780 

15-3 

RBC  Count 

All 

4.95 

4.96 

-0.02  (-0.05,0.02) 

0.318 

(million/mm3) 

Officer 

4.89 

4.92 

-0.03  (-0.09,0.02) 

0.234 

Enlisted  Flyer 

4.92 

4.97 

-0.04  (-0.12,0.04) 

0.333 

Enlisted  Groundcrew 

5.01 

5.00 

0.01  (-0.04,0.06) 

0.753 

15-5 

WBC  Count 

All 

6.67 

6.65 

0.02  - 

0.789 

(thousand/mm3) a 

Officer 

6.33 

6.33 

0.00  - 

0.970 

Enlisted  Flyer 

6.72 

6.86 

-0.14  - 

0.474 

Enlisted  Groundcrew 

6.97 

6.86 

0.11  - 

0.358 

15-7 

Hemoglobin  (gm/dl) 

All 

15.32 

15.33 

0.00  (-0.09,0.09) 

0.979 

Officer 

15.23 

15.29 

-0.06  (-0.20,0.08) 

0.389 

Enlisted  Flyer 

15.29 

15.38 

-0.08  (-0.30,0.13) 

0.445 

Enlisted  Groundcrew 

15.42 

15.34 

0.09  (-0.05,0.22) 

0.206 

15-9 

Hematocrit  (percent) 

All 

45.56 

45.59 

-0.04  (-0.31,0.24) 

0.798 

Officer 

45.24 

45.48 

-0.24  (-0.67,0.19) 

0.274 

Enlisted  Flyer 

45.49 

45.72 

-0.23  (-0.90,0.44) 

0.504 

Enlisted  Groundcrew 

45.88 

45.65 

0.22  (-0.18,0.63) 

0.279 

15-11 

Platelet  Count 

All 

207.0 

203.9 

3.1- 

0.150 

(thousand/mm3)  c 

Officer 

196.6 

205.1 

-8.5  - 

0.012 

Enlisted  Flyer 

213.8 

198.8 

14.9  - 

0.005 

Enlisted  Groundcrew 

213.9 

204.6 

9.3  - 

0.004 

Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


15-13 

Prothrombin  Time 

All 

10.48 

10.49 

-0.01  - 

0.870 

(seconds) a 

Officer 

10.54 

10.52 

0.02  - 

0.720 

Enlisted  Flyer 

10.46 

10.49 

-0.03  - 

0.748 

Enlisted  Groundcrew 

10.45 

10.47 

-0.02  - 

0.714 

15-16 

Absolute  Neutrophils 

All 

3.84 

3.81 

0.03  - 

0.612 

(segs)  (thousand/mm3) a 

Officer 

3.59 

3.61 

-0.02  - 

0.804 

Enlisted  Flyer 

3.92 

3.95 

-0.02  - 

0.885 

Enlisted  Groundcrew 

4.06 

3.95 

-0.01  - 

0.263 

15-17 

Absolute  Neutrophils 

All 

0.201 

0.189 

0.012  - 

0.123 

(bands)  (Nonzero 

Officer 

0.194 

0.180 

0.014  - 

0.250 

Measurements) 

Enlisted  Flyer 

0.190 

0.204 

-0.014  - 

0.478 

(thousand/mm3) a 

Enlisted  Groundcrew 

0.213 

0.193 

0.021  - 

0.089 

15-19 

Absolute  Lymphocytes 

All 

1.76 

1.75 

0.00  - 

0.920 

(thousand/mm3)  a 

Officer 

1.70 

1.67 

0.04  - 

0.392 

Enlisted  Flyer 

1.71 

1.79 

-0.08  - 

0.248 

Enlisted  Groundcrew 

1.83 

1.82 

0.01  - 

0.891 

15-20 

Absolute  Monocytes 

All 

0.477 

0.481 

-0.004  - 

0.648 

(thousands/mm3) c 

Officer 

0.463 

0.471 

-0.008  - 

0.594 

Enlisted  Flyer 

0.470 

0.507 

-0.037  - 

0.118 

Enlisted  Groundcrew 

0.492 

0.482 

0.011- 

0.455 

15-21 

Absolute  Eosinophils 

All 

0.159 

0.161 

-0.002  - 

0.684 

(Nonzero  Measurements) 

Officer 

0.160 

0.153 

0.007  - 

0.422 

(thousand/mm3) a 

Enlisted  Flyer 

0.162 

0.164 

-0.002  - 

0.895 

Enlisted  Groundcrew 

0.157 

0.167 

-0.011- 

0.183 

15-23 

Absolute  Basophils 

All 

0.078 

0.080 

-0.002  - 

0.315 

(Nonzero  Measurements) 

Officer 

0.076 

0.077 

-0.001  - 

0.838 

(thousand/mm3)  a 

Enlisted  Flyer 

0.079 

0.082 

-0.003  - 

0.577 

Enlisted  Groundcrew 

0.079 

0.082 

-0.003  - 

0.322 

16-6 

Time  to  Diabetes  Onset 

All 

— 

— 

— 

0.603 

(years) 

Officer 

— 

- 

- 

0.916 

Enlisted  Flyer 

— 

- 

— 

0.740 

Enlisted  Groundcrew 

- 

- 

- 

0.715 

16-9 

TSH  (pJU/ml) a 

All 

1.88 

1.81 

-0.08  - 

0.130 

Officer 

2.01 

1.89 

0.12- 

0.170 

Enlisted  Flyer 

1.72 

1.82 

-0.10  - 

0.428 

Enlisted  Groundcrew 

1.84 

1.73 

0.11  - 

0.139 

16-11 

Thyroxine  (pg/dl) c 

All 

7.07 

7.04 

0.03  - 

0.601 

Officer 

6.76 

6.84 

-0.08  - 

0.373 

Enlisted  Flyer 

7.28 

7.24 

0.03  - 

0.818 

Enlisted  Groundcrew 

7.27 

7.15 

0.12- 

0.154 

16-14 

Fasting  Glucose 

All 

101.4 

101.8 

-0.3- 

0.745 

(mg/dl) a 

Officer 

101.0 

100.0 

1.1  - 

0.468 

Enlisted  Flyer 

103.2 

104.9 

-1.7  - 

0.507 

Enlisted  Groundcrew 

101.0 

102.3 

-1.3  - 

0.388 
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Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Clinical  Parameter  (Dulls) 

IHUII 

;  HU 

•>  1  :  *  *  ‘  - 

J  l-  ,4  4 

1 1 

16-16 

2-Hour  Postprandial 

All 

105.2 

104.9 

0.3  - 

0.818 

Glucose  (mg/dl) a 

Officer 

106.1 

101.8 

4.3- 

0.053 

Enlisted  Flyer 

107.8 

111.3 

-3.5  - 

0.342 

Enlisted  Groundcrew 

103.4 

105.8 

-2.3  - 

0.274 

16-20 

Serum  Insulin  (pJU/ml) a 

All 

47.95 

47.92 

0.03  - 

0.990 

Officer 

45.60 

42.40 

3.20  - 

0.283 

Enlisted  Flyer 

49.81 

54.92 

-5.11- 

0.369 

Enlisted  Groundcrew 

49.49 

51.33 

-1.84  - 

0.574 

16-22 

a-l-C  Hemoglobin 

All 

6.48 

6.49 

-0.01  - 

0.919 

(percent) a 

Officer 

6.37 

6.31 

0.07  - 

0.387 

Enlisted  Flyer 

6.53 

6.67 

-0.14- 

0.280 

Enlisted  Groundcrew 

6.57 

6.59 

-0.03  - 

0.714 

16-24 

Total  Testosterone 

All 

423.1 

422.6 

0.5  - 

0.945 

(ng/dl) c 

Officer 

406.9 

413.4 

-6.4  - 

0.606 

Enlisted  Flyer 

439.6 

428.4 

11.2  - 

0.577 

Enlisted  Groundcrew 

431.2 

428.7 

2.5  - 

0.835 

16-26 

Free  Testosterone 

All 

13.96 

13.92 

0.04  - 

0.852 

(pg/ml)  c 

Officer 

12.91 

13.26 

-0.36  - 

0.269 

Enlisted  Flyer 

14.03 

13.95 

0.08  - 

0.878 

Enlisted  Groundcrew 

14.89 

14.49 

0.40  - 

0.209 

16-28 

Estradiol  (pg/ml) c 

All 

40.06 

40.63 

-0.57  - 

0.434 

Officer 

38.38 

41.81 

-3.43  - 

0.003 

Enlisted  Flyer 

42.87 

40.70 

2.17- 

0.238 

Enlisted  Groundcrew 

40.49 

39.60 

0.89  - 

0.418 

16-30 

LH  (mlU/ml) a 

All 

3.86 

3.86 

0.00  - 

0.979 

Officer 

4.09 

3.82 

0.27  - 

0.131 

Enlisted  Flyer 

3.67 

4.02 

-0.34  - 

0.194 

Enlisted  Groundcrew 

3.74 

3.85 

-0.11- 

0.491 

16-32 

FSH  (mlU/ml) a 

All 

6.05 

5.98 

0.07  - 

0.666 

Officer 

6.62 

6.11 

0.51  - 

0.071 

Enlisted  Flyer 

6.02 

5.99 

0.03  - 

0.941 

Enlisted  Groundcrew 

5.59 

5.86 

-0.27  - 

0.257 

17-4 

CD3+  Cells  (T  Cells) 

All 

1,231.0 

1,257.7 

-26.7  - 

0.431 

(cells/mm3)  a 

Officer 

1,230.0 

1,190.2 

39.8  - 

0.449 

Enlisted  Flyer 

1,197.2 

1,286.8 

-89.6  - 

0.270 

Enlisted  Groundcrew 

1,247.1 

1,301.3 

-54.2  - 

0.308 

17-5 

CD4+  Cells  (Helper  T 

All 

842.0 

857.0 

-15.0  - 

0.511 

Cells)  (cells/mm  ) a 

Officer 

838.0 

824.7 

13.3  - 

0.708 

Enlisted  Flyer 

808.4 

870.2 

-61.8- 

0.254 

Enlisted  Groundcrew 

861.4 

877.9 

-16.5  - 

0.646 

17-6 

CD8+  Cells  (Suppressor 

All 

564.5 

587.1 

-22.6  - 

0.254 

T  Cells)  (cells/mm3)a 

Officer 

558.7 

551.7 

7.0  - 

0.818 

Enlisted  Flyer 

563.9 

625.6 

-61.7  - 

0.207 

Enlisted  Groundcrew 

571.0 

601.7 

-30.7  - 

0.319 
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Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


^  r. >> 
..I  i  f? 

|  mi  |jj 

17-7 

CD  16+56+  Cells 

All 

259.3 

275.9 

-16.6  - 

0.082 

(Natural  Killer  Cells) 

Officer 

266.2 

276.1 

-9.9  - 

0.521 

(cells/mm3) a 

Enlisted  Flyer 

236.7 

290.2 

-53.5  - 

0.018 

Enlisted  Groundcrew 

262.4 

270.6 

-8.2  - 

0.572 

17-8 

CD20+  Cells  (B  Cells) 

All 

184.0 

185.5 

-1.5  - 

0.858 

(cells/mm3) a 

Officer 

175.3 

167.1 

8.1- 

0.496 

Enlisted  Flyer 

170.2 

185.2 

-15.0- 

0.420 

Enlisted  Groundcrew 

200.4 

201.1 

-0.7  - 

0.961 

17-9 

CD3+CD4+  Cells 

All 

767.4 

780.9 

-13.4  - 

0.541 

(Helper  T  Cells) 

Officer 

763.1 

749.6 

13.5  - 

0.693 

(cells/mm3) a 

Enlisted  Flyer 

737.4 

791.9 

-54.5  - 

0.296 

Enlisted  Groundcrew 

785.6 

801.8 

-16.1  - 

0.641 

17-10 

Absolute  Lymphocytes 

All 

1,781.2 

1,777.9 

3.2  - 

0.909 

(cells/mm3)  a 

Officer 

1,730.0 

1,685.2 

44.8  - 

0.292 

Enlisted  Flyer 

1,753.3 

1,817.2 

-63.8  - 

0.360 

Enlisted  Groundcrew 

1,840.2 

1,849.6 

-9.5  - 

0.828 

17-11 

IgA  (mg/di) a 

All 

232.4 

233.3 

-0.9  - 

0.860 

Officer 

224.8 

225.2 

-0.4  - 

0.958 

Enlisted  Flyer 

238.1 

236.6 

1.4  - 

0.912 

Enlisted  Groundcrew 

237.3 

239.5 

-2.2  - 

0.779 

17-12 

IgG  (mg/dl) a 

All 

1,035.5 

1,047.3 

-11.8  - 

0.273 

Officer 

1,022.2 

1,029.8 

-7.7  - 

0.649 

Enlisted  Flyer 

1,021.8 

1,048.9 

-27.2  - 

0.307 

Enlisted  Groundcrew 

1,053.3 

1,062.2 

-8.9  - 

0.587 

17-13 

IgM  (mg/dl) a 

All 

96.3 

98.4 

-2.1  - 

0.373 

Officer 

95.2 

95.9 

-0.6  - 

0.862 

Enlisted  Flyer 

94.6 

104.4 

-9.7  - 

0.102 

Enlisted  Groundcrew 

98.0 

98.7 

-0.8  - 

0.831 

18-8 

FVC  (percent  of 

All 

99.31 

98.93 

0.38  (-0.91,1.68) 

0.564 

predicted) 

Officer 

100.48 

100.14 

0.33  (-1.73,2.39) 

0.753 

Enlisted  Flyer 

99.64 

98.88 

0.75  (-2.45,3.96) 

0.645 

Enlisted  Groundcrew 

98.14 

97.90 

0.24  (-1.71,2.18) 

0.811 

18-9 

FEV]  (percent  of 

All 

94.13 

94.28 

-0.15  (-1.66,1.37) 

0.849 

predicted) 

Officer 

95.47 

95.65 

-0.18  (-2.58,2.23) 

0.886 

Enlisted  Flyer 

91.09 

92.30 

-1.21  (-4.95,2.54) 

0.527 

Enlisted  Groundcrew 

94.14 

93.74 

0.40  (-1.87,2.67) 

0.729 

18-10 

Ratio  of  Observed  FEVi 

All 

0.760 

0.763 

-0.003  - 

0.366 

to  Observed  FVC  d 

Officer 

0.756 

0.761 

-0.005  - 

0.376 

Enlisted  Flyer 

0.741 

0.748 

-0.007  - 

0.431 

Enlisted  Groundcrew 

0.772 

0.771 

0.001  - 

0.843 

a  Means  transformed  from  natural  logarithm  scale;  difference  of  means  after  transformation  to  original  scale; 
confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm  scale;  p-value  based  on 
difference  of  means  on  natural  logarithm  scale. 
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Table  G-1.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 

b  Means  transformed  from  natural  logarithm  (clinical  parameter  +  0.1)  scale;  difference  of  means  after 
transformation  to  original  scale;  confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm 
(clinical  parameter  +  0.1)  scale;  p- value  based  on  difference  of  means  on  natural  logarithm  (clinical  parameter  +  0.1) 
scale. 

c  Means  transformed  from  square  root  scale;  difference  of  means  after  transformation  to  original  scale;  confidence 
interval  not  given  because  analysis  was  performed  on  square  root  scale;  p- value  based  on  difference  of  means  on 
square  root  scale. 

d  Means  transformed  from  natural  logarithm  (1  -  clinical  parameter)  scale;  difference  of  means  after  transformation 
to  original  scale;  confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm  (1  -  clinical 
parameter)  scale;  p- value  based  on  difference  of  means  on  natural  logarithm  (1  -  clinical  parameter)  scale. 

Note:  RH  =  Ranch  Hand;  C  =  Comparison. 
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Table  G-2.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  2  (Ranch  Hands: 
Log2  (Initial  Dioxin)) 


|i 

Slope  1  ;•  " 

(Standard  Error)* 

9-6 

- in.  «.  ira, m  inw. ira,  m r,«„  m  nn.v.1 

Body  Fat  (percent) 

0.006 

0.015  (0.009) 

0.081 

9-8 

Erythrocyte  Sedimentation  Rate  (mm/hr) c 

0.009 

0.029  (0.034) 

0.387 

10-35 

PSA  (ng/ml)  b 

0.037 

-0.071  (0.027) 

0.010 

13-11 

AST  (U/l)  b 

0.011 

0.003  (0.012) 

0.813 

13-13 

ALT  (U/l) b 

0.036 

0.013  (0.010) 

0.199 

13-15 

GGT  (U/l) 6 

0.013 

0.004  (0.019) 

0.823 

13-17 

Alkaline  Phosphatase  (U/l)  b 

0.009 

-0.004  (0.009) 

0.646 

13-19 

Total  Bilirubin  (mg/dl) b 

0.013 

-0.014  (0.016) 

0.368 

13-22 

Lactic  Dehydrogenase  (U/l)  b 

0.009 

-0.001  (0.006) 

0.908 

13-24 

Cholesterol  (mg/dl)  d 

0.017 

6.129  (0.046) 

0.005 

13-26 

HDL  Cholesterol  (mg/dl) b 

0.053 

-0.009  (0.009) 

0.312 

13-28 

Cholesterol-HDL  Ratio  b 

0.055 

0.028  (0.009) 

0.003 

13-30 

Triglycerides  (mg/dl)  b 

0.025 

0.033  (0.023) 

0.140 

13-32 

Creatine  Phosphokinase  (U/l)  b 

0.013 

0.005  (0.021) 

0.800 

13-34 

Serum  Amylase  (U/l) b 

0.052 

-0.024  (0.013) 

0.070 

13-41 

Prealbumin  (mg/dl) 

0.030 

-0.041  (0.178) 

0.818 

13-43 

Albumin  (mg/dl) 

0.023 

13.830(10.970) 

0.208 

13-45 

a- 1 -Acid  Glycoprotein  (mg/dl)  b 

<0.001 

0.000  (0.008) 

0.992 

13-47 

a- 1 -Antitrypsin  (mg/dl)  d 

0.013 

0.066  (0.036) 

0.071 

13-49 

a-2-Macroglobulin  (mg/dl)  b 

<0.001 

-0.004  (0.009) 

0.698 

13-51 

Apolipoprotein  B  (mg/dl)  d 

0.014 

0.107(0.041) 

0.009 

13-53 

C3  Complement  (mg/dl) b 

0.071 

0.012  (0.005) 

0.023 

13-55 

C4  Complement  (mg/dl) b 

0.002 

-0.003  (0.007) 

0.701 

13-57 

Haptoglobin  (mg/dl)  d 

0.002 

0.084  (0.097) 

0.387 

13-59 

Transferrin  (mg/dl)  b 

0.001 

0.003  (0.005) 

0.594 

14-7 

Systolic  Blood  Pressure  (mm  Hg) b 

0.049 

-0.006  (0.005) 

0.238 

14-9 

Diastolic  Blood  Pressure  (mm  Hg) d 

0.023 

0.025  (0.019) 

0.190 

15-3 

RBC  Count  (million/mm3) 

0.019 

0.023  (0.014) 

0.102 

15-5 

WBC  Count  (thousand/mm3) b 

0.022 

0.019  (0.009) 

0.035 

15-7 

Hemoglobin  (gm/dl) 

0.011 

0.078  (0.034) 

0.023 

15-9 

Hematocrit  (percent) 

0.011 

0.241  (0.104) 

0.021 

15-11 

Platelet  Count  (thousand/mm3)  d 

0.016 

0.145  (0.057) 

0.012 

15-13 

Prothrombin  Time  (seconds) b 

0.004 

-0.001  (0.003) 

0.572 

15-16 

Absolute  Neutrophils  (segs)  (thousand/mm3)  b 

0.015 

0.019(0.012) 

0.115 

15-17 

Absolute  Neutrophils  (Nonzero  Measurements) 

0.004 

-0.031  (0.032) 

0.343 

15-19 

(bands)  (thousand/mm3)  b 

Absolute  Lymphocytes  (thousand/mm3) b 

0.021 

0.023  (0.012) 

0.063 

15-20 

Absolute  Monocytes  (thousand/mm3) d 

0.003 

0.003  (0.006) 

0.568 

15-21 

Absolute  Eosinophils  (Nonzero  Measurements) 
(thousand/mm3) 

Absolute  Basophils  (Nonzero  Measurements) 
(thousand/mm3)  b 

Time  to  Diabetes  Onset  (years)  c 

0.001 

0.005  (0.025) 

0.836 

15-23 

0.013 

0.009  (0.022) 

0.685 

16-6 

-0.021  (0.023) 

0.356 

16-9 

TSH  (niU/ml)  b 

0.002 

-0.015  (0.021) 

0.475 

16-11 

Thyroxine  (jxg/dl)  d 

0.012 

0.010  (0.008) 

0.250 

16-14 

Fasting  Glucose  (mg/dl)  b 

0.102 

0.011  (0.008) 

0.174 
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Table  G-2.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin ))  (Continued) 


Table 

Kef. 


.3n  b 


.3x  b 


16-16  2-Hour  Postprandial  Glucose  (mg/dl) 

16-20  Serum  Insulin  (pJU/ml)  b 

1 6-22  a- 1  -C  Hemoglobin  (percent) b 

16-24  Total  Testosterone  (ng/dl) d 

16-26  Free  Testosterone  (pg/ml) d 
16-28  Estradiol  (pg/ml)  d 
16-30  LH  (mlU/ml) b 

16- 32  FSH  (mlU/ml)  b 

17- 4  CD3+  Cells  (T  Cells)  (cells/mmJ) 

17-5  CD4+  Cells  (Helper  T  Cells)  (cells/mmJ) 

17-6  CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3) b 
17-7  CD  16+56+  Cells  (Natural  Killer  Cells)  (cells/mmJ) 

17-8  CD20+  Cells  (B  Cells)  (cells/mm3)  h 

17-9  CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mmJ) 
17-10  Absolute  Lymphocytes  (cells/mm3)  b 
17-11  IgA  (mg/dl)  b 

17-12  IgG  (mg/dl) b 

17- 13  IgM  (mg/dl) b 

1 8- 8  FVC  (percent  of  predicted) 

1 8 -9  FE V  i  (percent  of  predicted) 

18-10  Observed  FEV  i  to  Observed  FVC f _ 


3\  b 


.3n  b 


RJ 

Iw?  a  *  *•  ’  ■*  4  1 

i  j  :  ;  Jj 

0.076 

-0.010(0.011) 

0.363 

0.092 

0.020  (0.036) 

0.571 

0.107 

0.017  (0.006) 

0.009 

0.118 

0.287  (0.144) 

0.047 

0.084 

0.066  (0.022) 

0.003 

0.007 

0.084  (0.049) 

0.087 

0.001 

-0.016  (0.023) 

0.496 

0.008 

-0.035  (0.021) 

0.099 

0.013 

0.023  (0.023) 

0.317 

0.018 

0.027  (0.023) 

0.254 

0.001 

0.012  (0.029) 

0.688 

0.038 

-0.029  (0.032) 

0.370 

0.052 

0.081  (0.035) 

0.024 

0.018 

0.030  (0.024) 

0.226 

0.019 

0.019  (0.012) 

0.121 

0.007 

0.021  (0.017) 

0.224 

0.002 

-0.001  (0.009) 

0.922 

0.005 

0.007  (0.019) 

0.711 

0.018 

0.332  (0.491) 

0.499 

0.006 

0.870  (0.581) 

0.135 

0.053 

-0.026  (0.011) 

0.023 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  for  dioxin. 

b  Slope  and  standard  error  based  on  natural  logarithm  of  clinical  parameter  versus  log2  (initial  dioxin). 

c  Slope  and  standard  error  based  on  natural  logarithm  of  (clinical  parameter  +  0.1)  versus  log2  (initial  dioxin). 

d  Slope  and  standard  error  based  on  square  root  of  clinical  parameter  versus  log2  (initial  dioxin). 

c  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  under  a  censored  Weibull 

distribution. 

f  Slope  and  standard  error  based  on  natural  logarithm  of  (1  -  clinical  parameter)  versus  log2  (initial  dioxin). 

— :  R-squared  not  presented  because  analysis  was  based  on  a  censored  Weibull  distribution. 


G-12 


Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category) 


Table 

Ref. 

Clinical  Parameter  (Units) 

/<>'<  'y  i. ,  ? 

v  .  v  <  P  V  ■>"  4.  •/'A 

R2 

Dioxin  Category 

'  *  O  "} 

....  n  .. 

Adj. 

Mean® 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

9-6 

Body  Fat  (percent)6 

0.025 

Comparison 

1,213 

22.26 

Background  RH 

381 

20.64 

-1.62  - 

<0.001 

Low  RH 

239 

23.04 

0.78  - 

0.045 

High  RH 

243 

23.57 

1.31  - 

0.001 

Low  plus  High  RH 

482 

23.30 

1.04  - 

0.001 

9-8 

Erythrocyte  Sedimentation  Rate 

0.022 

Comparison 

1,213 

4.74 

(mm/hr)c 

Background  RH 

381 

4.48 

-0.26  - 

0.323 

Low  RH 

239 

5.06 

0.32  - 

0.350 

High  RH 

243 

5.12 

0.38  - 

0.259 

Low  plus  High  RH 

482 

5.09 

0.35  - 

0.176 

10-35 

PSA  (ng/ml) b 

0.009 

Comparison 

1,152 

1.127 

Background  RH 

365 

1.099 

-0.028  - 

0.587 

Low  RH 

222 

1.205 

0.078  - 

0.227 

High  RH 

236 

1.023 

-0.104  - 

0.079 

Low  plus  High  RH 

458 

1.108 

-0.019- 

0.692 

13-1 1 

AST  (U/l)b 

0.011 

Comparison 

1,194 

22.84 

Background  RH 

376 

22.54 

-0.30  - 

0.501 

Low  RH 

236 

23.39 

0.55  - 

0.306 

High  RH 

240 

23.36 

0.52  - 

0.334 

Low  plus  High  RH 

476 

23.37 

0.53  - 

0.193 

13-13 

ALT  (U/l) b 

0.039 

Comparison 

1,194 

42.37 

Background  RH 

376 

41.32 

-1.05  - 

0.129 

Low  RH 

236 

43.14 

0.77  - 

0.368 

High  RH 

240 

44.27 

1.90  - 

0.027 

Low  plus  High  RH 

476 

43.71 

1.34  - 

0.041 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p- Value 

13-15 

GGT  (U/l) b 

0.026 

Comparison 

1,194 

42.21 

Background  RH 

376 

40.81 

-1.40  - 

0.296 

Low  RH 

236 

43.99 

1.78  - 

0.283 

High  RH 

240 

47.38 

5.17  — 

0.003 

Low  plus  High  RH 

476 

45.67 

3.46  - 

0.007 

13-17 

Alkaline  Phosphatase  (U/l) b 

0.003 

Comparison 

1,194 

79.57 

Background  RH 

376 

81.50 

1 .93  - 

0.130 

Low  RH 

236 

82.34 

2.78  - 

0.070 

High  RH 

240 

81.36 

1.79  - 

0.238 

Low  plus  High  RH 

476 

81.85 

2.28  - 

0.051 

13-19 

Total  Bilirubin  (mg/dl) b 

0.002 

Comparison 

1,194 

0.520 

Background  RH 

376 

0.526 

0.006  - 

0.673 

Low  RH 

236 

0.516 

-0.004  - 

0.828 

High  RH 

240 

0.506 

-0.014  - 

0.418 

Low  plus  High  RH 

476 

0.511 

-0.009  - 

0.500 

13-22 

Lactic  Dehydrogenase  (U/l) b 

0.027 

Comparison 

1,192 

153.7 

Background  RH 

376 

154.3 

0.6  - 

0.693 

Low  RH 

236 

153.6 

-0.1  - 

0.941 

High  RH 

240 

154.1 

0.4  - 

0.816 

Low  plus  High  RH 

476 

153.8 

0.1  - 

0.916 

13-24 

Cholesterol  (mg/dl) d 

0.006 

Comparison 

1,194 

211.7 

Background  RH 

376 

208.8 

-2.9  - 

0.183 

Low  RH 

236 

209.3 

-2.4  - 

0.351 

High  RH 

240 

217.4 

5.7  - 

0.032 

Low  plus  High  RH 

476 

213.4 

1.7  - 

0.422 

13-26 

HDL  Cholesterol  (mg/dl) b 

0.059 

Comparison 

1,193 

44.79 

Background  RH 

376 

45.54 

0.75  - 

0.269 

Low  RH 

235 

"15-23 

0.44  -- 

0.585 

High  RH 

240 

43.58 

-1.21  - 

0.130 

Low  plus  High  RH 

475 

44.39 

-0.40  - 

0.519 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref, 

■ 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95  %  C.I.) 

p-Value 

13-28 

Cholesterol-HDL  Ratio b 

0.046 

Comparison 

1,193 

4.69 

Background  RH 

376 

4.55 

-0.14- 

0.068 

Low  RH 

235 

4.58 

-0.11  - 

0.220 

High  RH 

240 

4.95 

0.26  - 

0.005 

Low  plus  High  RH 

475 

4.76 

0.07  - 

0.282 

13-30 

Triglycerides  (mg/dl) b 

0.057 

Comparison 

1,194 

120.3 

Background  RH 

375 

114.5 

■ 

• 

00 

«n 

1 

0.172 

Low  RH 

236 

119.7 

-0.6  - 

0.897 

High  RII 

240 

140.4 

20.1  - 

<0.001 

Low  plus  High  RH 

476 

129.7 

9.4  - 

0.023 

13-32 

Creatine  Phosphokinase  (U/l)b 

0.026 

Comparison 

1,194 

105.4 

Background  RH 

376 

105.6 

0.2  - 

0.961 

Low  RH 

236 

108.2 

2.8- 

0.547 

High  RH 

240 

106.3 

0.9  - 

0.843 

Low  plus  High  RH 

476 

107.2 

1.8-- 

0.602 

13-34 

Serum  Amylase  (U/l) b 

0.039 

Comparison 

1,194 

56.88 

Background  RH 

376 

55.87 

-1.01  - 

0.419 

Low  RH 

236 

60.54 

3.66  - 

0.019 

High  RH 

240 

54.89 

-1.99  - 

0.178 

Low  plus  High  RH 

476 

57.63 

0.75  - 

0.523 

13-41 

Prealbumin  (mg/dl) 

0.017 

Comparison 

1,194 

29.62 

Background  RH 

376 

29.53 

-0.09  (-0.67,0.49) 

0.760 

Low  RH 

236 

29.47 

-0.15  (-0.85,0.54) 

0.665 

High  RH 

240 

29.65 

0.03  (-0.66,0.73) 

0.927 

Low  plus  High  RH 

476 

29.56 

-0.06  (-0.59,0.47) 

0.825 

13-43 

Albumin  (mg/dl) 

0.017 

Comparison 

1,194 

4,199.7 

Background  RH 

376 

4,200.6 

0.9  (-37.7,39.6) 

0.962 

Low  RH 

236 

4,155.3 

—AAS.  /'_OA  »  1 

i  «  .«/  v,  / 

A  AAA 

High  RH 

240 

4,228.9 

29.2  (-16.9,75.3) 

0.215 

Low  plus  High  RH 

476 

4,192.4 

-7.3  (-42.6,28.0) 

0.685 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

. ■  ■  ■  :  :  §  '■  :  '  :  1 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

13-45 

a- 1  -  Acid  Glycoprotein  (mg/dl) b 

0.003 

Comparison 

1,194 

84.29 

Background  RH 

376 

83.02 

-1.27  - 

0.256 

Low  RH 

236 

84.82 

0.53  - 

0.692 

High  RH 

240 

87.02 

2.73  - 

0.045 

Low  plus  High  RH 

476 

85.92 

1.63  - 

0.114 

13-47 

a- 1- Antitrypsin  (mg/dl) d 

0.008 

Comparison 

1,194 

146.8 

Background  RH 

376 

147.9 

1.1  - 

0.470 

Low  RH 

236 

148.9 

2.1- 

0.244 

High  RH 

240 

154.0 

i 

i 

CN 

<0.001 

Low  plus  High  RH 

476 

151.4 

4.6  - 

0.001 

13-49 

a-2-Macroglobulin  (mg/dl) b 

0.001 

Comparison 

1,194 

171.2 

Background  RH 

376 

170.2 

-1.0  - 

0.706 

Low  RH 

236 

170.2 

-1.0  - 

0.747 

High  RH 

240 

170.2 

-1.0  - 

0.741 

Low  plus  High  RH 

476 

170.2 

-1.0  - 

0.669 

13-51 

Apolipoprotein  B  (mg/dl) d 

0.005 

Comparison 

1,194 

111.5 

Background  RH 

376 

108.8 

i 

L] 

1 

1 

0.057 

Low  RH 

236 

108.9 

-2.6  - 

0.131 

High  RH 

240 

114.6 

3.1  - 

0.073 

Low  plus  High  RH 

476 

111.8 

0.3- 

0.843 

13-53 

C3  Complement  (mg/dl) b 

0.096 

Comparison 

1,194 

118.5 

Background  RH 

376 

116.7 

-1.8- 

0.107 

Low  RH 

236 

119.5 

1.0  - 

0.399 

High  RH 

240 

122.3 

3.8- 

0.003 

Low  plus  High  RH 

476 

120.9 

2.4  - 

0.013 

13-55 

C4  Complement  (mg/dl) b 

0.012 

Comparison 

1,194 

25.90 

Background  RH 

376 

25.41 

-0.49  - 

0.109 

Lqw  RH 

236 

96.03 

0.13  - 

0  733 

High  RH 

240 

25.91 

0.01  - 

0.986 

Low  plus  High  RH 

476 

25.97 

0.07  - 

0.816 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

££  .  .  -  Ttir  - 

_ Clinical  Parameter  (UniU) 

R2 

Dioxin  Category 

n 

Adj. 

Mean® 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

13-57 

Haptoglobin  (mg/dl) d 

0.006 

Comparison 

1,194 

126.7 

Background  RH 

376 

131.4 

4.7  - 

0.210 

Low  RH 

236 

134.5 

7.8  - 

0.078 

High  RH 

240 

141.7 

15.0  - 

0.001 

Low  plus  High  RH 

476 

138.1 

11.4  - 

0.001 

13-59 

Transferrin  (mg/dl) b 

0.004 

Comparison 

1,194 

249.5 

Background  RH 

376 

250.9 

1.4  - 

0.480 

Low  RH 

236 

251.9 

2.4  - 

0.328 

High  RH 

240 

255.9 

6.4  - 

0.010 

Low  plus  High  RH 

476 

253.9 

4.4  - 

0.019 

14-7 

Systolic  Blood  Pressure  (mm  Hg) b 

0.040 

Comparison 

1,195 

125.5 

Background  RH 

376 

125.4 

-0.1  - 

0.935 

Low  RH 

233 

125.9 

0.4  - 

0.730 

High  RH 

243 

123.4 

-2.1  - 

0.079 

Low  plus  High  RH 

476 

124.6 

-0.9  - 

0.346 

14-9 

Diastolic  Blood  Pressure  (mm  Hg) d 

0.014 

Comparison 

1,195 

74.57 

Background  RH 

376 

74.14 

-0.43  - 

0.432 

Low  RH 

233 

74.19 

-0.38  - 

0.569 

High  RH 

243 

75.65 

1.08  - 

0.099 

Low  plus  High  RH 

476 

74.93 

0.36  - 

0.468 

15-3 

RBC  Count  (million/mm3) 

0.011 

Comparison 

1,211 

4.96 

Background  RH 

381 

4.95 

-0.01  (-0.06,0.03) 

0.540 

Low  RH 

239 

4.92 

-0.05  (-0.01,0.01) 

0.094 

High  RH 

239 

4.98 

0.02  (-0.04,0.07) 

0.506 

Low  plus  High  RH 

478 

4.95 

-0.01  (-0.05,0.03) 

0.510 

15-5 

WBC  Count  (thousand/mm3) b 

0.010 

Comparison 

1,211 

6.64 

Background  RH 

T  T> TJ 

381 

mr\ 

6.57 

c  cc 

-0.07  - 

r,  r\  o 

0.493 

r\  a  r\  i 

J-AJVY  IVli 

High  RH 

iJ7 

239 

VJ.  JU 

6.92 

-u.uo  — 

0.28  - 

i 

0.029 

Low  plus  High  RH 

478 

6.73 

0.09  - 

0.324 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

.v..  V  -  •  . ' 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

15-7 

Hemoglobin  (gm/dl) 

0.002 

Comparison 

1,211 

15.33 

Background  RH 

381 

15.30 

-0.03  (-0.14.0.09) 

0.641 

Low  RH 

239 

15.26 

-0.07  (-0.21,0.07) 

0.319 

High  RH 

239 

15.46 

0.12  (-0.01,0.26) 

0.080 

Low  plus  High  RH 

478 

15.36 

0.03  (-0.08,0.13) 

0.617 

15-9 

Hematocrit  (percent) 

0.003 

Comparison 

1,211 

45.61 

Background  RH 

381 

45.56 

-0.06  (-0.41,0.30) 

0.756 

Low  RH 

239 

45.30 

-0.31  (-0.74,0.12) 

0.153 

High  RH 

239 

45.93 

0.32  (-0.1 1,0.75) 

0.147 

Low  plus  High  RH 

478 

45.61 

0.00  (-0.32,0.33) 

0.987 

15-11 

Platelet  Count  (thousand/mm3) d 

0.016 

Comparison 

1,205 

204.6 

Background  RH 

379 

202.1 

-2.5  - 

0.374 

Low  RH 

238 

204.6 

-0.1  - 

0.987 

High  RH 

238 

217.2 

12.6  - 

<0.001 

Low  plus  High  RH 

476 

210.8 

6.2  - 

0.017 

15-13 

Prothrombin  Time  (seconds) b 

0.002 

Comparison 

987 

10.49 

Background  RH 

309 

10.53 

0.04  - 

0.476 

Low  RH 

182 

10.46 

-0.03  - 

0.667 

High  RH 

193 

10.44 

-0.05  - 

0.411 

Low  plus  High  RH 

375 

10.45 

-0.04  - 

0.409 

15-16 

Absolute  Neutrophils  (segs) 

0.007 

Comparison 

1,211 

3.81 

(thousand/mm3) 

Background  RH 

381 

3.75 

-0.06  - 

0.430 

Low  RH 

239 

3.80 

-0.01  - 

0.906 

High  RH 

239 

4.03 

0.22  - 

0.028 

Low  plus  High  RH 

478 

3.91 

0.10- 

0.172 

15-17 

Absolute  Neutrophils  (bands)  (Nonzero 

0.005 

Comparison 

1,002 

0.189 

Measurements)  (thousand/mm3) b 

Background  RH 

316 

0.191 

0.002  - 

0.783 

Low  RH 

196 

noil 

a  mo 

A  A*7A 
\s.\j  /  y 

High  RH 

201 

0.209 

0.020  - 

0.113 

Low  plus  High  RH 

397 

0.210 

0.021  - 

0.029 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Unite) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95  %  C.I.) 

,  vf".'  v  <?  '  ."'V  '  i 

p- Value 

15-19 

Absolute  Lymphocytes 

0.005 

Comparison 

1,211 

1.75 

(thousand/mm' ) b 

Background  RH 

381 

1.77 

0.02  - 

0.671 

Low  RH 

239 

1.71 

-0.04  - 

0.383 

High  RH 

239 

1.78 

0.03  - 

0.575 

Low  plus  High  RH 

478 

1.74 

-0.01  - 

0.839 

15-20 

Absolute  Monocytes  (thousand/mm3) d 

0.011 

Comparison 

1,211 

0.480 

Background  RH 

381 

0.464 

-0.016- 

0.221 

Low  RH 

239 

0.469 

-0.011  - 

0.480 

High  RH 

239 

0.502 

0.022  - 

0.136 

Low  plus  High  RH 

478 

0.486 

0.006  - 

0.606 

15-21 

Absolute  Eosinophils  (Nonzero 

0.001 

Comparison 

1,064 

0.161 

Measurements)  (thousand/mm3) b 

Background  RH 

337 

0.163 

0.002  - 

0.805 

Low  RH 

206 

0.155 

-0.006  - 

0.513 

High  RH 

211 

0.154 

-0.007  - 

0.434 

Low  plus  High  RH 

417 

0.155 

-0.006  - 

0.346 

15-23 

Absolute  Basophils  (Nonzero 

0.003 

Comparison 

562 

0.080 

Measurements)  (thousand/mm3) b 

Background  RH 

168 

0.078 

-0.002  - 

0.410 

Low  RH 

92 

0.076 

-0.004  - 

0.222 

High  RH 

109 

0.080 

0.000  - 

0.930 

Low  plus  High  RH 

201 

0.078 

-0.002  - 

0.482 

16-6 

Time  to  Diabetes  Onset  (years) 

— 

Comparison 

1,195 

— 

Background  RH 

379 

- 

- 

0.013 

Low  RH 

235 

— 

- 

0.254 

High  RH 

240 

- 

— 

0.233 

Low  plus  High  RH 

475 

-- 

-- 

0.134 

16-9 

TSH  (plU/ml) b 

0.002 

Comparison 

1,161 

1.80 

Background  RH 

367 

1.91 

0.11  - 

0.129 

T _ r*  T  T 

luw  rvri 

^jj 

i  on 

i  .oy 

a  r\r\ 

\j.\jy  ~ 

A  r\rin 

u.z  /  J 

High  RH 

234 

1.81 

0.01  - 

0.942 

Low  plus  High  RH 

467 

1.85 

0.05  - 

0.446 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

.  ..  . 

Clinical  Parameter  (Unite) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

16-11 

Thyroxine  (jxg/dl)  ^ 

0.004 

Comparison 

1,161 

7.04 

Background  RH 

367 

6.95 

-0.09  - 

0.221 

Low  RH 

233 

7.13 

0.09  - 

0.344 

High  RH 

234 

7.23 

0.19- 

0.053 

Low  plus  High  RH 

467 

7.18 

0.14- 

0.059 

16-14 

Fasting  Glucose  (mg/dl) b 

0.089 

Comparison 

1,212 

101.6 

Background  RH 

381 

100.3 

-1.3  - 

0.298 

Low  RH 

238 

100.8 

• 

i 

oo 

Q 

T 

0.618 

High  RH 

242 

103.9 

2.3- 

0.121 

Low  plus  High  RH 

480 

102.4 

1 

1 

OO 

o 

0.485 

16-16 

2-Hour  Postprandial  Glucose  (mg/dl)  b 

0.066 

Comparison 

996 

104.7 

Background  RH 

342 

105.3 

0.6  - 

0.718 

Low  RH 

186 

107.1 

2.4  - 

0.296 

High  RH 

183 

104.5 

-0.2  - 

0.942 

Low  plus  High  RH 

369 

105.8 

1.1  - 

0.521 

16-20 

Serum  Insulin  (plU/ml) b 

0.122 

Comparison 

996 

47.35 

Background  RH 

342 

45.29 

-2.06  - 

0.393 

Low  RH 

186 

51.97 

4.62  - 

0.157 

High  RH 

183 

52.74 

5.36  - 

0.105 

Low  plus  High  RH 

369 

52.35 

5.00  - 

0.046 

16-22 

a-l-C  Hemoglobin  (percent)5 

0.087 

Comparison 

1,212 

6.48 

Background  RH 

381 

6.38 

-0.10- 

0.116 

Low  RH 

238 

6.44 

-0.04  - 

0.588 

High  RH 

242 

6.70 

0.22  - 

0.005 

Low  plus  High  RH 

480 

6.57 

0.09  - 

0.138 

16-24 

Total  Testosterone  (ng/dl)d 

0.121 

Comparison 

1,189 

423.0 

Background  RH 

372 

429.8 

6.8- 

0.499 

Low  RH 

234 

dftd  fx 

-18.4  - 

O  !  IQ 

High  RH 

238 

429.4 

6.4  - 

0.592 

Low  plus  High  RH 

472 

417.0 

-6.0  - 

0.508 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  Cl.) 

p-Value 

16-26 

Free  Testosterone  (pg/ml) d 

0.085 

Comparison 

1,189 

13.95 

Background  RH 

372 

13.85 

-0.10- 

0.703 

Low  RH 

234 

13.23 

-0.72  - 

0.022 

High  RH 

238 

14.85 

0.90  - 

0.006 

Low  plus  High  RH 

472 

14.03 

0.08  - 

0.745 

16-28 

Estradiol  (pg/ml) d 

0.003 

Comparison 

1,213 

40.68 

Background  RH 

381 

39.71 

-0.97  - 

0.323 

Low  RH 

239 

39.58 

-1.10  — 

0.350 

High  RH 

243 

41.43 

0.75  - 

0.523 

Low  plus  High  RH 

482 

40.51 

-0.17- 

0.852 

16-30 

LH  (mlU/ml) b 

0.003 

Comparison 

1,213 

3.85 

Background  RH 

381 

4.01 

0.16- 

0.264 

Low  RH 

239 

3.83 

-0.02  - 

0.900 

High  RH 

243 

3.74 

-0.11  - 

0.504 

Low  plus  High  RH 

482 

3.78 

-0.07  - 

0.601 

16-32 

FSH  (mlU/ml) b 

0.002 

Comparison 

1,213 

5.97 

Background  RH 

381 

6.21 

0.24  - 

0.283 

Low  RH 

239 

6.28 

0.31  - 

0.258 

High  RH 

243 

5.66 

-0.31  - 

0.229 

Low  plus  High  RH 

482 

5.96 

-0.01  - 

0.955 

17-4 

CD3+  Cells  (T  Cells)  (cells/mm3) b 

0.005 

Comparison 

440 

1,252.1 

Background  RH 

142 

1,220.8 

-31.3- 

0.490 

Low  RH 

84 

1,225.9 

-26.2  - 

0.636 

High  RH 

91 

1,242.7 

-9.4  - 

0.862 

Low  plus  High  RH 

175 

1,234.6 

-17.5  - 

0.676 

17-5 

CD4+  Cells  (Helper  T  Cells) 

0.006 

Comparison 

440 

854.9 

(cells/mm3)  b 

Background  RH 

142 

830.4 

-24.5  - 

0.421 

t  «...  nu 
i_a_;w  iv  1 1 

O  A 
o*t 

OIC  c 

O  JJ.\) 

1  A  T 

-17.J  — 

t\  cc\c 
U.WJ 

High  RH 

91 

862.2 

7.3- 

0.842 

Low  plus  High  RH 

175 

849.3 

-5.6  - 

0.844 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

17-6 

CD8+  Cells  (Suppressor  T  Cells) 

0.002 

Comparison 

440 

584.1 

(cells/mm3) b 

Background  RH 

142 

565.3 

-18.8- 

0.479 

Low  RH 

84 

571.8 

-12.3  - 

0.706 

High  RH 

91 

552.4 

-31.7  - 

0.307 

Low  plus  High  RH 

175 

561.6 

-22.5  - 

0.355 

17-7 

CD  16+56+  Cells  (Natural  Killer 

0.018 

Comparison 

440 

275.4 

Cells)  (cells/mm3) b 

Background  RH 

142 

258.9 

-16.5  - 

0.192 

Low  RH 

84 

281.1 

5.7  - 

0.726 

High  RH 

91 

243.3 

-32.1  - 

0.028 

Low  plus  High  RH 

175 

260.7 

-14.7  - 

0.209 

17-8 

CD20+  Cells  (B  Cells)  (cells/mm3)1’ 

0.005 

Comparison 

440 

185.0 

Background  RH 

142 

183.9 

-1.1  - 

0.918 

Low  RH 

83 

166.7 

-18.3- 

0.141 

High  RH 

91 

195.5 

10.5  - 

0.419 

Low  plus  High  RH 

174 

181.1 

-3.9  - 

0.694 

17-9 

CD3+CD4+  Cells  (Helper  T  Cells) 

0.005 

Comparison 

440 

778.6 

(cells/mm3) b 

Background  RH 

142 

753.7 

-24.9  - 

0.395 

Low  RH 

84 

761.5 

-17.1  - 

0.632 

High  RH 

91 

790.8 

12.2  - 

0.731 

Low  plus  High  RH 

175 

776.6 

-2.0  - 

0.940 

17-10 

Absolute  Lymphocytes  (cells/mm3) b 

0.005 

Comparison 

1,164 

1,775.7 

Background  RH 

371 

1,786.3 

10.6- 

0.777 

Low  RH 

222 

1,752.0 

-23.7  - 

0.598 

High  RH 

231 

1,794.5 

18.8- 

0.676 

Low  plus  High  RH 

453 

1,773.5 

-2.2  - 

0.959 

17-11 

IgA  (mg/dl) b 

0.004 

Comparison 

1,164 

233.6 

Background  RH 

371 

226.8 

-6.8  - 

0.297 

Low  RH 

222 

232.3 

-1.3  -- 

0.868 

High  RH 

231 

240.9 

7.3  - 

0.373 

Low  plus  High  RH 

453 

236.6 

3.0  - 

0.629 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

■  .......... .  ■■ 

R2 

Dioxin  Category 

n 

Adj. 

Mean* 

Difference  of  Means  vs. 
Comparisons  (95%  C.I.) 

p-Value 

17-12 

IgG  (mg/dl) b 

0.002 

Comparison 

1,164 

1,048.1 

Background  RH 

371 

1,031.9 

-16.2- 

0.254 

Low  RH 

222 

1,041.7 

-6.4  - 

0.713 

High  RH 

231 

1,039.6 

-8.5  - 

0.621 

Low  plus  High  RH 

453 

1,040.7 

-7.4  - 

0.572 

17-13 

IgM  (mg/dl) b 

0.004 

Comparison 

1,164 

98.2 

Background  RH 

371 

96.1 

-2.1  - 

0.487 

Low  RH 

222 

95.8 

i 

to 

1 

1 

0.525 

High  RH 

231 

96.4 

-1.8- 

0.619 

Low  plus  High  RH 

453 

96.1 

-2.1  - 

0.459 

18-8 

FVC  (percent  of  predicted) 

0.039 

Comparison 

1,211 

99.14 

Background  RH 

381 

99.33 

0.19  (-1.50,1.88) 

0.825 

Low  RH 

238 

98.34 

-0.80  (-2.83,1.23) 

0.439 

High  RH 

243 

99.79 

0.66  (-1.36,2.67) 

0.523 

Low  plus  High  RH 

481 

99.07 

-0.06  (-1.61,1.48) 

0.935 

18-9 

FEVi  (percent  of  predicted) 

0.003 

Comparison 

1,211 

94.38 

Background  RH 

381 

93.94 

-0.44  (-2.46,1.57) 

0.668 

Low  RH 

238 

92.89 

-1.48  (-3.90,0.93) 

0.229 

High  RH 

243 

95.50 

1.12  (-1.28,3.53) 

0.360 

Low  plus  High  RH 

481 

94.21 

-0.17  (-2.01,1.67) 

0.859 

18-10 

Observed  FEV)  to  Observed  FVC  e 

0.034 

Comparison 

1,211 

0.763 

Background  RH 

381 

0.757 

-0.006  - 

0.192 

Low  RH 

238 

0.757 

-0.006  - 

0.341 

High  RH 

243 

0.770 

0.007  - 

0.164 

Low  plus  High  RH 

481 

0.764 

0.001  - 

0.764 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  for  dioxin. 

b  Means  transformed  from  natural  logarithm  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval  not  given  because 
analysis  was  performed  on  natural  logarithm  scale;  p- value  based  on  difference  of  means  on  natural  logarithm  scale. 
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Table  G-3.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 

c  Means  transformed  from  natural  logarithm  (clinical  parameter  +  0.1)  scale;  difference  of  means  after  transformation  to  original  scale;  confidence 
interval  not  given  because  analysis  was  performed  on  natural  logarithm  (clinical  parameter  +  0.1)  scale;  p-value  based  on  difference  of  means  on  natural 
logarithm  (clinical  parameter  +  0.1)  scale. 

d  Means  transformed  from  square  root  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval  not  given  because  analysis 
was  performed  on  square  root  scale;  p-value  based  on  difference  of  means  on  square  root  scale. 

e  Means  transformed  from  natural  logarithm  (1  -  clinical  parameter)  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval 
not  given  because  analysis  was  performed  on  natural  logarithm  (1  -  clinical  parameter)  scale;  p-value  based  on  difference  of  means  on  natural  logarithm 
(1  -  clinical  parameter)  scale. 

Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Table  G-4. 

Summary  of  Unadjusted  Results  for  Continuous  Variables 
Log2  (1987  Dioxin  +  1)) 

-  Model  4  (Ranch  Hands: 

Table 

Ref. 

Clinical  Parameter  (Units) 

R2 

Slope 

(Standard  Error) 

p-Value 

9-6 

Body  Fat  (percent)  a 

0.072 

0.046  (0.006) 

<0.001 

9-8 

Erythrocyte  Sedimentation  Rate  (mm/hr)  b 

0.009 

0.063  (0.022) 

0.004 

10-35 

PSA  (ng/ml) a 

0.005 

-0.037  (0.018) 

0.043 

13-11 

AST  (U/l)a 

0.005 

0.017  (0.008) 

0.033 

13-13 

ALT  (U/l)a 

0.023 

0.029  (0.007) 

<0.001 

13-15 

GGT  (U/l)a 

0.012 

0.040  (0.013) 

0.002 

13-17 

Alkaline  Phosphatase  (U/l) a 

<0.001 

-0.004  (0.006) 

0.555 

13-19 

Total  Bilirubin  (mg/dl)a 

0.001 

-0.007  (0.011) 

0.499 

13-22 

Lactic  Dehydrogenase  (U/l) a 

0.002 

0.005  (0.004) 

0.211 

13-24 

Cholesterol  (mg/dl)  c 

0.008 

0.077  (0.030) 

0.009 

13-26 

HDL  Cholesterol  (mg/dl) a 

0.016 

-0.023  (0.006) 

<0.001 

13-28 

Cholesterol-HDL  Ratio a 

0.030 

0.033  (0.007) 

<0.001 

13-30 

Triglycerides  (mg/dl) a 

0.028 

0.072  (0.015) 

<0.001 

13-32 

Creatine  Phosphokinase  (U/l) a 

0.004 

0.024  (0.014) 

0.084 

13-34 

Serum  Amylase  (U/l)  a 

0.005 

-0.019  (0.009) 

0.035 

13-41 

Prealbumin  (mg/dl) 

<0.001 

-0.047  (0.124) 

0.704 

13-43 

Albumin  (mg/dl) 

<0.001 

-2.471  (7.678) 

0.748 

13-45 

a- 1 -Acid  Glycoprotein  (mg/dl) 3 

0.001 

0.005  (0.005) 

0.336 

13-47 

a- 1 -Antitrypsin  (mg/dl) c 

0.003 

0.040  (0.025) 

0.109 

13-49 

a-2-Macroglobulin  (mg/dl) a 

<0.001 

-0.004  (0.006) 

0.522 

13-51 

Apolipoprotein  B  (mg/dl) c 

0.011 

0.083  (0.027) 

0.002 

13-53 

C3  Complement  (mg/dl) a 

0.040 

0.021  (0.004) 

<0.001 

13-55 

C4  Complement  (mg/dl) a 

0.004 

0.009  (0.005) 

0.070 

13-57 

Haptoglobin  (mg/dl) c 

0.002 

0.074  (0.065) 

0.254 

13-59 

Transferrin  (mg/dl) a 

0.004 

0.005  (0.003) 

0.082 

14-7 

Systolic  Blood  Pressure  (mm  Hg)a 

<0.001 

0.001  (0.003) 

0.693 

14-9 

Diastolic  Blood  Pressure  (mm  Hg)c 

0.007 

0.031  (0.013) 

0.014 

15-3 

RBC  Count  (million/mm3) 

0.003 

0.013  (0.009) 

0.136 

15-5 

WBC  Count  (thousand/mm3) a 

0.007 

0.015  (0.006) 

0.013 

15-7 

Hemoglobin  (gm/dl) 

0.003 

0.035  (0.023) 

0.133 

15-9 

Hematocrit  (percent) 

0.001 

0.077  (0.071) 

0.278 

15-11 

Platelet  Count  (thousand/mm3) c 

0.009 

0.109  (0.039) 

0.005 

15-13 

Prothrombin  Time  (seconds) a 

0.002 

-0.002  (0.002) 

0.220 

15-16 

Absolute  Neutrophils  (segs)  (thousand/mm3) a 

0.007 

0.020  (0.008) 

0.017 

15-17 

Absolute  Neutrophils  (bands)  (Nonzero  Measurements) 
(thousand/mm3) a 

0.001 

0.015(0.021) 

0.482 

15-19 

Absolute  Lymphocytes  (thousand/mm3) a 

0.002 

0.009  (0.008) 

0.239 

15-20 

Absolute  Monocytes  (thousand/mm3) c 

0.004 

0.007  (0.004) 

0.059 

15-21 

Absolute  Eosinophils  (Nonzero  Measurements) 
(thousand/mm3) a 

0.001 

-0.017(0.017) 

0.330 

15-23 

Absolute  Basophils  (Nonzero  Measurements) 
(thousand/mm‘ ) a 

<0.001 

0.006  (0.014) 

0.674 

16-6 

Time  to  Diabetes  Onset  (years) d 

- 

-0.098  (0.021) 

<0.001 

16-9 

TSH  (plU/ml) a 

<0.001 

-0.000  (0.015) 

0.977 

16-11 

Thyroxine  (pg/dl)c 

0.008 

0.015(0.006) 

0.009 

16-14 

Fasting  Glucose  (mg/dl) a 

0.019 

0.020  (0.005) 

<0.001 
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Table  G-4.  Summary  of  Unadjusted  Results  for  Continuous  Variables  -  Model  4 
(Ranch  Hands:  Log2  ( 1987  Dioxin  +  1))  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

RJ 

Slope 

(Standard  Error) 

p- Value 

16-16 

2-Hour  Postprandial  Glucose  (mg/dl) a 

0.003 

0.01 1  (0.007) 

0.115 

16-20 

Serum  Insulin  (pIU/ml) a 

0.025 

0.100  (0.023) 

<0.001 

16-22 

a- 1  -C  Hemoglobin  (percent) 3 

0.033 

0.021  (0.004) 

<0.001 

16-24 

Total  Testosterone  (ng/dl)c 

0.010 

-0.296  (0.101) 

0.003 

16-26 

Free  Testosterone  (pg/ml)c 

0.001 

-0.010(0.015) 

0.489 

16-28 

Estradiol  (pg/ml) c 

0.002 

0.039  (0.031) 

0.212 

16-30 

LH  (mlU/ml) 3 

0.005 

-0.030  (0.015) 

0.042 

16-32 

FSH  (mlU/ml) a 

0.003 

-0.024  (0.015) 

0.105 

17-4 

CD3+  Cells  (T  Cells)  (cells/mm3) 3 

0.003 

0.015(0.015) 

0.316 

17-5 

CD4+  Cells  (Helper  T  Cells)  (cells/mm3) 3 

0.004 

0.017(0.015) 

0.255 

17-6 

CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3) 3 

0.001 

0.009  (0.019) 

0.640 

17-7 

CD16+56+  Cells  (Natural  Killer  Cells)  (cells/mm3) a 

<0.001 

0.006  (0.021) 

0.772 

17-8 

CD20+  Cells  (B  Cells)  (cells/mm3) 3 

0.004 

0.026  (0.023) 

0.260 

17-9 

CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3) 3 

0.005 

0.019(0.016) 

0.228 

17-10 

Absolute  Lymphocytes  (cells/mm3) 3 

0.002 

0.010(0.008) 

0.222 

17-11 

IgA  (mg/dl)3 

0.005 

0.022  (0.011) 

0.051 

17-12 

IgG  (mg/dl) 3 

<0.001 

0.002  (0.005) 

0.652 

17-13 

IgM  (mg/dl) 3 

<0.001 

-0.001  (0.012) 

0.937 

18-8 

FVC  (percent  of  predicted) 

0.001 

-0.312  (0.338) 

0.356 

18-9 

FEV  i  (percent  of  predicted) 

0.002 

0.496  (0.402) 

0.217 

18-10 

Observed  FEVj  to  Observed  FVC  e 

0.018 

-0.031  (0.008) 

<0.001 

3  Slope  and  standard  error  based  on  natural  logarithm  of  clinical  parameter  versus  log2  (initial  dioxin). 
b  Slope  and  standard  error  based  on  natural  logarithm  of  (clinical  parameter  +  0.1)  versus  log2  (initial  dioxin). 
c  Slope  and  standard  error  based  on  square  root  of  clinical  parameter  versus  log2  (initial  dioxin). 
d  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  under  a  censored  Weibull 
distribution. 

e  Slope  and  standard  error  based  on  natural  logarithm  of  (1  -  clinical  parameter)  versus  log2  (initial  dioxin). 

— :  R-squared  not  presented  because  analysis  was  based  on  a  censored  Weibull  distribution. 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  - 
vs.  Comparisons) 

Model  1  (Ranch  Hands 

Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (  %)  Abnormal 

RH  C 

Est  Relative  Risk 
(95%  Cl.) 

;  J  £,  ; 

p-Valne 

9-3 

Self-perception  of 

All 

124(14.3) 

130(10.4) 

1.44(1.10,1.87) 

0.007 

Health 

Officer 

30  (8.8) 

34  (6.9) 

1.31  (0.78,2.18) 

0.308 

Enlisted  Flyer 

26(17.2) 

23(12.3) 

1.48  (0.81,2.72) 

0.203 

Enlisted  Groundcrew 

68(18.0) 

73(12.8) 

1.50(1.05,2.15) 

0.028 

9-4 

Appearance  of  Illness 

All 

15(1.7) 

14(1.1) 

1.55  (0.74,3.23) 

0.242 

or  Distress 

Officer 

3  (0.9) 

4  (0.8) 

1 .09  (0.24,4.89) 

0.913 

Enlisted  Flyer 

3  (2.0) 

2(1.1) 

1.87  (0.31,11.37) 

0.494 

Enlisted  Groundcrew 

9  (2.4) 

8(1.4) 

1.71  (0.66,4.48) 

0.272 

9-5 

Relative  Age 

All 

90(10.3) 

104  (8.3) 

1.27  (0.95,1.71) 

0.112 

Appearance 

Officer 

22  (6.5) 

25  (5.1) 

1.29  (0.72,2.33) 

0.392 

Enlisted  Flyer 

22(14.6) 

21  (11.2) 

1.35  (0.71,2.56) 

0.361 

Enlisted  Groundcrew 

46(12.2) 

58(10.2) 

1.22  (0.81,1.84) 

0.337 

9-7 

Body  Fat 

All 

244  (28.1) 

376  (30.1) 

0.91  (0.75,1.10) 

0.316 

Officer 

88  (25.8) 

123  (24.9) 

1.05  (0.76,1.44) 

0.767 

Enlisted  Flyer 

37  (24.5) 

58  (31.0) 

0.72  (0.45,1.17) 

0.186 

Enlisted  Groundcrew 

119(31.5) 

195  (34.2) 

0.88  (0.67,1.17) 

0.382 

9-9 

Erythrocyte 

All 

72  (8.3) 

88  (7.0) 

1.19(0.86,1.65) 

0.289 

Sedimentation  Rate 

Officer 

20  (5.9) 

34  (6.9) 

0.84  (0.48,1.49) 

0.557 

Enlisted  Flyer 

17(11.3) 

14  (7.5) 

1.57  (0.75,3.29) 

0.235 

Enlisted  Groundcrew 

35  (9.3) 

40  (7.0) 

1.35  (0.84,2.17) 

0.212 

10-3 

Skin  Neoplasms 

All 

325  (40.4) 

402  (34.4) 

1.29(1.07,1.55) 

0.007 

Officer 

150  (45.6) 

183  (38.1) 

1.36(1.02,1.81) 

0.034 

Enlisted  Flyer 

56  (40.0) 

50  (28.9) 

1.64(1.02,2.63) 

0.040 

Enlisted  Groundcrew 

119(35.4) 

169  (32.8) 

1.12(0.84,1.50) 

0.433 

10-4 

Malignant  Skin 

All 

144(17.9) 

187  (16.0) 

1.14(0.90,1.45) 

0.274 

Neoplasms 

Officer 

77  (23.4) 

95  (19.8) 

1.24  (0.88,1.74) 

0.218 

Enlisted  Flyer 

29  (20.7) 

22(12.7) 

1.79  (0.98,3.29) 

0.059 

Enlisted  Groundcrew 

38(11.3) 

70(13.6) 

0.81  (0.53,1.24) 

0.329 

10-5 

Benign  Skin 

All 

225  (26.2) 

264  (21.3) 

1.31  (1.07,1.61) 

0.010 

Neoplasms 

Officer 

96  (28.6) 

107  (22.0) 

1.42(1.03,1.96) 

0.031 

Enlisted  Flyer 

34  (22.7) 

32(17.3) 

1.40  (0.82,2.40) 

0.220 

Enlisted  Groundcrew 

95  (25.4) 

125  (22.0) 

1.21  (0.89,1.64) 

0.229 

10-6 

Skin  Neoplasms  of 

All 

7  (0.9) 

8  (0.7) 

1.27  (0.46,3.52) 

0.645 

Uncertain  Behavior  or 

Officer 

0  (0.0) 

3  (0.6) 

- 

0.397a 

Unspecified  Nature 

Enlisted  Flyer 

0  (0.0) 

1  (0.6) 

- 

0.9993 

Enlisted  Groundcrew 

7(2.1) 

4  (0.8) 

2.72  (0.79,9.36) 

0.113 

10-7 

Basal  Cell  Carcinoma 

All 

121  (15.0) 

155(13.3) 

1.16(0.89,1.49) 

0.269 

Officer 

67  (20.4) 

80(16.7) 

1.28  (0.89,1.83) 

0.181 

Enlisted  Flyer 

26(18.6) 

19(11.0) 

1.85  (0.98,3.50) 

0.060 

Enlisted  Groundcrew 

28  (8.3) 

56(10.9) 

0.75  (0.46,1.20) 

0.226 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
( Ranch  Hands  vs.  Comparisons)  (Continued) 


Table  Clinical  Occupational  — ^,um^)er  )  Abnormal  Est  Relative  Risk 


Ref. 

Parameter 

Category 

RH 

;  c  : 

(95%  C.I.) 

p-Value 

10-8 

Basal  Cell  Carcinoma 

All 

93(11.6) 

120(10.3) 

1.14  (0.86,1.52) 

0.370 

(Ear,  Face,  Head,  and 

Officer 

49(14.9) 

60(12.5) 

1.23  (0.82,1.84) 

0.328 

Neck) 

Enlisted  Flyer 

22(15.7) 

17  (9.8) 

1.71  (0.87,3.37) 

0.120 

Enlisted  Groundcrew 

22  (6.6) 

43  (8.4) 

0.77  (0.45,1.31) 

0.334 

10-9 

Basal  Cell  Carcinoma 

All 

40  (5.0) 

47  (4.0) 

1.25  (0.81,1.92) 

0.318 

(Trunk) 

Officer 

29  (8.8) 

29  (6.0) 

1.50  (0.88,2.57) 

0.135 

Enlisted  Flyer 

6(4.3) 

3(1.7) 

2.54  (0.62,10.33) 

0.194 

Enlisted  Groundcrew 

5(1.5) 

15  (2.9) 

0.50  (0.18,1.40) 

0.188 

10-10 

Basal  Cell  Carcinoma 

All 

21  (2.6) 

38  (3.3) 

0.80  (0.46,1.37) 

0.405 

(Upper  Extremities) 

Officer 

17  (5.2) 

24  (5.0) 

1.04(0.55,1.96) 

0.915 

Enlisted  Flyer 

1  (0.7) 

2(1.2) 

0.62  (0.06,6.85) 

0.693 

Enlisted  Groundcrew 

3  (0.9) 

12(2.3) 

0.38  (0.11,1.35) 

0.134 

10-11 

Basal  Cell  Carcinoma 

All 

5  (0.6) 

5  (0.4) 

1.45  (0.42,5.04) 

0.556 

(Lower  Extremities) 

Officer 

4(1.2) 

3  (0.6) 

1.96  (0.44,8.80) 

0.381 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

1  (0.3) 

2  (0.4) 

0.77  (0.07,8.48) 

0.828 

10-12 

Squamous  Cell 

All 

20  (2.5) 

22(1.9) 

1.33  (0.72,2.45) 

0.367 

Carcinoma 

Officer 

1 1  (3.3) 

16(3.3) 

1.00  (0.46,2.19) 

0.994 

Enlisted  Flyer 

3(2.1) 

2(1.2) 

1.87  (0.31,11.36) 

0.495 

Enlisted  Groundcrew 

6(1.8) 

4  (0.8) 

2.32  (0.65,8.29) 

0.194 

10-13 

Nonmelanoma 

All 

134(16.7) 

176(15.1) 

1.13  (0.88,1.44) 

0.345 

Officer 

73  (22.2) 

89(18.5) 

1.25  (0.89,1.77) 

0.203 

Enlisted  Flyer 

29  (20.7) 

21  (12.1) 

1.89  (1.02,3.49) 

0.042 

Enlisted  Groundcrew 

32  (9.5) 

66(12.8) 

0.72  (0.46,1.12) 

0.143 

10-14 

Melanoma 

All 

16(2.0) 

13(1.1) 

1.80  (0.86.3.77) 

0.117 

Officer 

9  (2.7) 

7(1.5) 

1.90  (0.70,5.16) 

0.207 

Enlisted  Flyer 

0  (0.0) 

1  (0.6) 

- 

0.999a 

Enlisted  Groundcrew 

7(2.1) 

5(1.0) 

2.17(0.68,6.90) 

0.189 

10-15 

Systemic  Neoplasms 

All 

267  (31.2) 

370  (29.8) 

1.07  (0.89,1.29) 

0.482 

(All  Sites  Combined) 

Officer 

110(33.1) 

168  (34.4) 

0.95  (0.70,1.27) 

0.716 

Enlisted  Flyer 

49  (33.3) 

55  (29.4) 

1.20  (0.75,1.91) 

0.443 

Enlisted  Groundcrew 

108  (28.7) 

147  (26.0) 

1.15  (0.86,1.54) 

0.352 

10-16 

Malignant  Systemic 

All 

67  (7.8) 

75  (6.0) 

1.32  (0.94,1.86) 

0.112 

Neoplasms 

Officer 

32  (9.6) 

39  (7.9) 

1.23  (0.76,2.01) 

0.403 

Enlisted  Flyer 

18(12.1) 

11(5.9) 

2.20(1.00,4.81) 

0.049 

Enlisted  Groundcrew 

17  (4.5) 

25  (4.4) 

1.03  (0.55,1.93) 

0.937 

10-17 

Benign  Systemic 

All 

217  (25.4) 

299  (24.1) 

1.07  (0.88,1.31) 

0.495 

Neoplasms 

Officer 

82  (24.7) 

130  (26.6) 

0.91  (0.66,1.25) 

0.545 

Enlisted  Flyer 

40  (27.2) 

47  (25.1) 

1.11  (0.68,1.82) 

0.668 

Enlisted  Groundcrew 

95  (25.3) 

122  (21.6) 

1.23  (0.91,1.67) 

0.186 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Clinical 

Occupational  _ 

Number  (%)  Abnormal 

Est  Relative  Risk 

::  ''  £ 
''  ¥ 

-  ~  :  , 

Ref. 

Parameter 

Category 

RH 

c 

(95%  C.I.) 

p-Value 

10-18 

Systemic  Neoplasms 

AH 

16(1.9) 

25  (2.0) 

0.93  (0.49,1.75) 

0.814 

of  Uncertain  Behavior 

Officer 

1 1  (3.3) 

13(2.6) 

1.26  (0.56,2.84) 

0.583 

or  Unspecified  Nature 

Enlisted  Flyer 

1  (0.7) 

2(1.1) 

0.63  (0.06,6.96) 

0.702 

Enlisted  Groundcrew 

4(1.1) 

10(1.8) 

0.60  (0.19,1.92) 

0.388 

10-19 

Malignant  Systemic 

All 

9(1.1) 

12(1.0) 

1.09  (0.46,2.60) 

0.848 

Neoplasms  (Eye,  Ear, 

Officer 

6(1.8) 

4  (0.8) 

2.23  (0.63,7.98) 

0.216 

Face,  Head,  and  Neck) 

Enlisted  Flyer 

1  (0.7) 

3(1.6) 

0.41  (0.04,4.03) 

0.448 

Enlisted  Groundcrew 

2  (0.5) 

5  (0.9) 

0.60  (0.12,3.11) 

0.543 

10-20 

Malignant  Systemic 

All 

4  (0.5) 

7  (0.6) 

0.83  (0.24,2.84) 

0.762 

Neoplasms  (Oral 

Officer 

2  (0.6) 

2  (0.4) 

1.48  (0.21,10.54) 

0.697 

Cavity,  Pharynx,  and 

Enlisted  Flyer 

1  (0.7) 

2(1.1) 

0.63  (0.06,6.96) 

0.702 

Larynx) 

Enlisted  Groundcrew 

1  (0.3) 

3  (0.5) 

0.50  (0.05,4.83) 

0.550 

10-21 

Malignant  Systemic 

All 

2  (0.2) 

0  (0.0) 

— 

0.325a 

Neoplasms  (Thymus, 

Officer 

1  (0.3) 

0  (0.0) 

- 

0.845a 

Heart,  and 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Mediastinum) 

Enlisted  Groundcrew 

1  (0.3) 

0  (0.0) 

-- 

0.836a 

10-22 

Malignant  Systemic 

All 

2  (0.2) 

2  (0.2) 

1.45  (0.20,10.33) 

0.710 

Neoplasms  (Thyroid 

Officer 

2  (0.6) 

1  (0.2) 

2.96  (0.27,32.79) 

0.376 

Gland) 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

0  (0.0) 

1  (0.2) 

- 

0.9993 

10-23 

Malignant  Systemic 

All 

10(1.2) 

3  (0.2) 

4.88(1.34,17.79) 

0.008 

Neoplasms  (Bronchus 

Officer 

5(1.5) 

2  (0.4) 

3.73  (0.72,19.33) 

0.117 

and  Lung) 

Enlisted  Flyer 

3  (2.0) 

1  (0.5) 

3.82  (0.39,37.13) 

0.248 

Enlisted  Groundcrew 

2  (0.5) 

0  (0.0) 

- 

0.3 10a 

10-24 

Malignant  Systemic 

All 

2  (0.2) 

2  (0.2) 

1.45  (0.20,10.33) 

0.710 

Neoplasms  (Liver) 

Officer 

0  (0.0) 

1  (0.2) 

- 

0.999a 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.909a 

Enlisted  Groundcrew 

1  (0.3) 

1  (0.2) 

1.51  (0.09,24.18) 

0.772 

10-25 

Malignant  Systemic 

All 

7  (0.8) 

8  (0.6) 

1.27  (0.46,3.52) 

0.645 

Neoplasms  (Colon  and 

Officer 

3  (0.9) 

2  (0.4) 

2.22  (0.37,13.38) 

0.383 

Rectum) 

Enlisted  Flyer 

2(1.3) 

2(1.1) 

1.26  (0.18,9.04) 

0.819 

Enlisted  Groundcrew 

2  (0.5) 

4  (0.7) 

0.75  (0.14,4.13) 

0.743 

10-26 

Malignant  Systemic 

All 

11(1.3) 

6  (0.5) 

2.68  (0.99,7.28) 

0.046 

Neoplasms  (Kidney 

Officer 

5(1.5) 

5(1.0) 

1.48  (0.43,5.16) 

0.537 

and  Bladder) 

Enlisted  Flyer 

3  (2.0) 

0  (0.0) 

- 

0.1 72a 

Enlisted  Groundcrew 

3  (0.8) 

1  (0.2) 

4.55  (0.47,43.89) 

0.190 

10-27 

Malignant  Systemic 

All 

26  (3.0) 

39  (3.1) 

0.97  (0.58,1.60) 

0.893 

Neoplasms  (Prostate) 

Officer 

13  (3.9) 

25  (5.1) 

0.76  (0.38,1.50) 

0.427 

Enlisted  Flyer 

7  (4.7) 

4(2.1) 

2.26  (0.65,7.86) 

0.201 

Enlisted  Groundcrew 

6(1.6) 

10(1.8) 

0.90  (0.33,2.50) 

0.844 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  {%)  Abnormal 

Est.  Relative  Risk 
;  (95%  C.I.)  ; 

-j  '  | 

p-Value 

RH 

.  1  Hil 1 

10-28 

Malignant  Systemic 

All 

3(0.4) 

0  (0.0) 

— 

0.1 34a 

Neoplasms  (Testicles) 

Officer 

1  (0.3) 

0  (0.0) 

— 

0.8453 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.909a 

Enlisted  Groundcrew 

1  (0.3) 

0  (0.0) 

- 

0.836a 

10-29 

Malignant  Systemic 

All 

1(0.1) 

2  (0.2) 

0.73  (0.07,8.01) 

0.790 

Neoplasms 

Officer 

0  (0.0) 

0  (0.0) 

- 

- 

(Connective  and  Other 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.909a 

Soft  Tissues) 

Enlisted  Groundcrew 

0  (0.0) 

2  (0.4) 

- 

0.667a 

10-30 

Hodgkin’s  Disease 

All 

1  (0.1) 

3  (0.2) 

0.48  (0.05,4.65) 

0.507 

Officer 

1  (0.3) 

2  (0.4) 

0.74  (0.07,8.16) 

0.803 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

0  (0.0) 

1  (0.2) 

- 

0.999a 

10-31 

Non-Hodgkin’s 

All 

1  (0.1) 

3  (0.2) 

0.48  (0.05,4.65) 

0.507 

Lymphoma 

Officer 

0  (0.0) 

2  (0.4) 

- 

0.6573 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

1  (0.3) 

1  (0.2) 

1.51  (0.09,24.18) 

0.772 

10-32 

Other  Malignant 

All 

2  (0.2) 

4  (0.3) 

0.72  (0.13,3.97) 

0.706 

Systemic  Neoplasms 

Officer 

1  (0.3) 

2  (0.4) 

0.74  (0.07,8.16) 

0.803 

of  Lymphoid  and 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

-- 

0.9993 

Histiocytic  Tissue 

Enlisted  Groundcrew 

1  (0.3) 

1  (0.2) 

1.51  (0.09,24.18) 

0.772 

10-33 

Malignant  Skin  and 

All 

186  (21.9) 

234  (18.9) 

1.20  (0.97,1.49) 

0.099 

Systemic  Neoplasms 

Officer 

95  (28.8) 

116(23.8) 

1.29  (0.94,1.77) 

0.112 

Enlisted  Flyer 

39  (26.4) 

31  (16.8) 

1.78(1.04,3.02) 

0.034 

Enlisted  Groundcrew 

52(13.9) 

87(15.4) 

0.89  (0.62,1.29) 

0.546 

10-34 

All  Skin  and  Systemic 

All 

473  (55.8) 

620  (50.4) 

1.25  (1.05,1.49) 

0.014 

Neoplasms 

Officer 

202  (61.4) 

266  (55.2) 

1.29  (0.97,1.72) 

0.079 

Enlisted  Flyer 

84  (57.5) 

92  (49.7) 

1.37  (0.88,2.12) 

0.158 

Enlisted  Groundcrew 

187  (50.3) 

262  (46.5) 

1.17(0.90,1.51) 

0.253 

10-36 

PSA 

All 

54  (6.5) 

73  (6.1) 

1.07  (0.74,1.53) 

0.730 

Officer 

31  (9.7) 

29  (6.3) 

1.59(0.94,2.69) 

0.086 

Enlisted  Flyer 

10(7.1) 

15  (8.3) 

0.84  (0.37,1.93) 

0.681 

Enlisted  Groundcrew 

13(3.5) 

29  (5.3) 

0.66  (0.34,1.29) 

0.223 

11-3 

Inflammatory  Diseases 

All 

7  (0.8) 

1  (0.1) 

10.11  (1.24,82.35) 

0.006 

Officer 

2  (0.6) 

0  (0.0) 

- 

0.327a 

Enlisted  Flyer 

2(1.3) 

0  (0.0) 

- 

0.391a 

Enlisted  Groundcrew 

3  (0.8) 

1  (0.2) 

4.56  (0.47,44.05) 

0.189 

11-4 

Hereditary  and 

All 

80  (9.2) 

108  (8.7) 

1.08  (0.79,1.46) 

0.639 

Degenerative  Diseases 

Officer 

30  (8.8) 

37  (7.5) 

1.19(0.72,1.97) 

0.492 

Enlisted  Flyer 

19(12.6) 

19  (10.2) 

1.27  (0.65,2.50) 

0.484 

Enlisted  Groundcrew 

31  (8.3) 

52  (9.1) 

0.90  (0.56,1.43) 

0.643 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 

Table  Clinical  Occupational  ......  ^um|)er  ^c}  ^^nQrrna^  Est  Relative  Risk 

Ref.  Parameter  Category  RH  C  (95%  CJL)  p- Value 

11-5  Peripheral  Disorders  AH  1 88  (21 .8)  241  (19.3)  U6(0.94)1.44)  0T69~ 

Officer  78  (23.0)  91  (18.5)  1.32  (0.94,1.85)  0.1 13 

Enlisted  Flyer  36  (24.0)  44  (23 .7)  1 .02  (0.62, 1 .69)  0.94 1 


Enlisted  Groundcrew 

11-6  Other  Neurological  All 

Disorders  Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

11-7  Smell  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-8  Visual  Fields  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

1 1  -9  Light  Reaction  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-10  Ocular  Movement  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-11  Facial  Sensation  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-12  Jaw  Clench  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-13  Smile  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 

11-14  Palpebral  Fissure  All 

Officer 
Enlisted  Flyer 
Enlisted  Groundcrew 


74(19.8) 

106(18.6) 

1.08  (0.77,1.50) 

0.658 

173  (20.1) 

211  (17.0) 

1.23  (0.98,1.54) 

0.070 

29  (8.6) 

38  (7.7) 

1.12(0.68,1.86) 

0.656 

46  (30.5) 

45  (24.2) 

1.37  (0.85,2.22) 

0.198 

98  (26.3) 

128  (22.6) 

1.22  (0.90,1.65) 

0.200 

20  (2.3) 

19(1.5) 

1.54  (0.81,2.89) 

0.186 

5(1.5) 

10(2.0) 

0.73  (0.25,2.14) 

0.562 

6  (4.0) 

1  (0.5) 

7.70  (0.92,64.65) 

0.060 

9  (2.4) 

8(1.4) 

1.73  (0.66,4.51) 

0.266 

2  (0.2) 

5  (0.4) 

0.57  (0.11,2.97) 

0.493 

0  (0.0) 

1  (0.2) 

- 

0.9993 

1  (0.7) 

2(1.1) 

0.61  (0.06,6.83) 

0.691 

1  (0.3) 

2  (0.4) 

0.76  (0.07,8.36) 

0.819 

1  (0.1) 

12(1.0) 

0.12(0.02,0.92) 

0.007 

0  (0.0) 

3  (0.6) 

- 

0.399a 

1  (0.7) 

4(2.1) 

0.31  (0.03,2.76) 

0.291 

0  (0.0) 

5  (0.9) 

- 

0.173a 

14(1.6) 

17(1.4) 

1.19(0.58,2.43) 

0.632 

2  (0.6) 

5(1.0) 

0.58  (0.11,2.99) 

0.513 

3  (2.0) 

2(1.1) 

1.87  (0.31,11.37) 

0.494 

9  (2.4) 

10(1.8) 

1.37  (0.55,3.42) 

0.493 

2  (0.2) 

2  (0.2) 

1.44  (0.20,10.27) 

0.714 

1  (0.3) 

1  (0.2) 

1.46  (0.09,23.35) 

0.791 

0  (0.0) 

1  (0.5) 

- 

0.999a 

1  (0.3) 

0  (0.0) 

- 

0.834a 

2  (0.2) 

0  (0.0) 

— 

0.327a 

2  (0.6) 

0  (0.0) 

- 

0.325a 

0  (0.0) 

0  (0.0) 

- 

- 

0  (0.0) 

0  (0.0) 

- 

— 

7  (0.8) 

4  (0.3) 

2.54  (0.74,8.69) 

0.129 

1  (0.3) 

2  (0.4) 

0.72  (0.07,8.02) 

0.793 

1  (0.7) 

0  (0.0) 

-- 

0.9 15a 

5  (1.3) 

2  (0.4) 

3.83  (0.74,19.85) 

0.110 

7  (0.8) 

12(1.0) 

0.84  (0.33,2.14) 

0.713 

2  (0.6) 

5(1.0) 

0.58  (0.11,2.99) 

0.513 

1  (0.7) 

1  (0.5) 

1.24  (0.08,19.99) 

0.879 

4(1.1) 

6(1.1) 

1.01  (0.28,3.61) 

0.986 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est  Relative  Risk 
(95%  C.L) 

p-Value 

RH 

C 

11-15 

Balance 

All 

7  (0.8) 

7  (0.6) 

1.44  (0.50,4.13) 

0.494 

Officer 

5(1.5) 

2  (0.4) 

3.66  (0.71,19.00) 

0.122 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

- 

0.999a 

Enlisted  Groundcrew 

2  (0.5) 

4  (0.7) 

0.76  (0.14,4.16) 

0.749 

11-16 

Speech 

All 

4  (0.5) 

10  (0.8) 

0.57  (0.18,1.84) 

0.334 

Officer 

1  (0.3) 

2  (0.4) 

0.72  (0.07,8.02) 

0.793 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

— 

0.999a 

Enlisted  Groundcrew 

3  (0.8) 

7(1.2) 

0.65  (0.17,2.52) 

0.531 

11-17 

Tongue  Position 

All 

2  (0.2) 

0  (0.0) 

— 

0.327a 

Relative  to  Midline 

Officer 

2  (0.6) 

0  (0.0) 

— 

0.325a 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

— 

- 

Enlisted  Groundcrew 

0  (0.0) 

0  (0.0) 

- 

- 

11-18 

Palate  and  Uvula 

Ail 

1  (0.1) 

0  (0.0) 

— 

0.854a 

Movement 

Officer 

1  (0.3) 

0  (0.0) 

— 

0.8523 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

— 

- 

Enlisted  Groundcrew 

0  (0.0) 

0  (0.0) 

- 

- 

11-19 

Cranial  Nerve  Index 

All 

56  (6.6) 

72  (5.8) 

1.15  (0.80,1.65) 

0.452 

Officer 

17  (5.2) 

26  (5.3) 

0.98  (0.52,1.83) 

0.941 

Enlisted  Flyer 

13(8.6) 

10(5.4) 

1.66  (0.71,3.89) 

0.246 

Enlisted  Groundcrew 

26  (7.0) 

36  (6.4) 

1.11  (0.66,1.88) 

0.683 

11-20 

Neck  Range  of  Motion 

All 

165(19.1) 

188(15.1) 

1.33  (1.06,1.67) 

0.016 

Officer 

70  (20.6) 

81  (16.4) 

1.32  (0.92,1.88) 

0.126 

Enlisted  Flyer 

41  (27.2) 

29(15.5) 

2.03  (1.19,3.46) 

0.009 

Enlisted  Groundcrew 

54  (14.4) 

78(13.7) 

1.06  (0.73,1.54) 

0.764 

11-21 

Pinprick 

All 

57  (6.9) 

67  (5.7) 

1.24  (0.86,1.79) 

0.244 

Officer 

20  (6.2) 

22  (4.7) 

1.35  (0.72,2.51) 

0.350 

Enlisted  Flyer 

19(13.1) 

14(7.7) 

1.81  (0.87,3.75) 

0.110 

Enlisted  Groundcrew 

18  (5.1) 

31  (5.8) 

0.87  (0.48,1.57) 

0.638 

11-22 

Light  Touch 

All 

38  (4.6) 

45  (3.8) 

1.23  (0.79,1.91) 

0.363 

Officer 

15  (4.7) 

13  (2.8) 

1.71  (0.80,3.65) 

0.163 

Enlisted  Flyer 

12(8.3) 

10(5.5) 

1.55  (0.65,3.70) 

0.322 

Enlisted  Groundcrew 

11(3.1) 

22  (4.1) 

0.74  (0.36,1.55) 

0.432 

11-23 

Muscle  Status 

AH 

39  (4.5) 

37  (3.0) 

1.54  (0.98,2.44) 

0.064 

Officer 

13  (3.8) 

18(3.7) 

1.05  (0.51,2.17) 

0.897 

Enlisted  Flyer 

10(6.6) 

7  (3.7) 

1.82  (0.68,4.91) 

0.235 

Enlisted  Groundcrew 

16  (4.3) 

12(2.1) 

2.06  (0.97,4.42) 

0.062 

11-24 

Patellar  Reflex 

All 

24  (2.8) 

35  (2.8) 

0.99  (0.58,1.67) 

0.962 

Officer 

12  (3.5) 

16(3.3) 

1.09  (0.51,2.34) 

0.823 

Enlisted  Flyer 

1  (0.7) 

7  (3.8) 

0.17  (0.02,1.40) 

0.100 

Enlisted  Groundcrew 

1 1  (2.9) 

12(2.1) 

1.40  (0.61,3.21) 

0.425 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

RH  C 

Est  Relative  Risk 
(95%  CM.) 

'  '  '  :  S  & 

p- Value 

11-25 

Achilles  Reflex 

All 

153(17.7) 

203  (16.3) 

1.10(0.88,1.39) 

0.410 

Officer 

67(19.7) 

82(16.7) 

1.22  (0.86,1.75) 

0.267 

Enlisted  Flyer 

30(19.9) 

37  (19.9) 

1.00  (0.58,1.71) 

0.995 

Enlisted  Groundcrew 

56(15.0) 

84(14.8) 

1.01  (0.70,1.46) 

0.947 

11-26 

Biceps  Reflex 

All 

12(1.4) 

12(1.0) 

1.45  (0.65,3.24) 

0.369 

Officer 

5(1.5) 

6(1.2) 

1.21  (0.37,4.00) 

0.753 

Enlisted  Flyer 

2(1.3) 

2(1.1) 

1.24(0.17,8.92) 

0.830 

Enlisted  Groundcrew 

5(1.3) 

4  (0.7) 

1.91  (0.51,7.14) 

0.339 

11-27 

Babinski  Reflex 

All 

8  (0.9) 

13(1.0) 

0.88  (0.36,2.14) 

0.785 

Officer 

3  (0.9) 

2  (0.4) 

2.18(0.36,13.12) 

0.394 

Enlisted  Flyer 

1  (0.7) 

3(1.6) 

0.40  (0.04,3.93) 

0.435 

Enlisted  Groundcrew 

4(1.1) 

8(1.4) 

0.76  (0.23,2.53) 

0.650 

11-29 

Polyneuropathy 

All 

130(15.8) 

179(15.1) 

1.06  (0.83,1.35) 

0.668 

Prevalence  Index 

Officer 

55(17.1) 

75(16.0) 

1.08  (0.74,1.58) 

0.694 

Enlisted  Flyer 

29  (20.0) 

39  (21.4) 

0.92  (0.53,1.57) 

0.752 

Enlisted  Groundcrew 

46(13.0) 

65(12.2) 

1.08  (0.72,1.61) 

0.725 

11-30 

Multiple 

All 

41  (5.0) 

38  (3.2) 

1.58  (1.01,2.49) 

0.046 

Polyneuropathy  Index  Officer 

16(5.0) 

17  (3.6) 

1.39  (0.69,2.79) 

0.358 

Enlisted  Flyer 

13  (9.0) 

9  (5.0) 

1.89  (0.79,4.56) 

0.155 

Enlisted  Groundcrew 

12  (3.4) 

12(2.3) 

1.52  (0.68,3.43) 

0.309 

11-31 

Confirmed 

All 

11(1.4) 

7  (0.6) 

2.30  (0.89,5.95) 

0.082 

Polyneuropathy 

Officer 

2  (0.6) 

6(1.3) 

0.49  (0.10,2.43) 

0.381 

Indicator 

Enlisted  Flyer 

4(2.8) 

0  (0.0) 

— 

0.079a 

Enlisted  Groundcrew 

5(1.4) 

1  (0.2) 

7.62  (0.89,65.47) 

0.064 

11-32 

Tremor 

All 

60  (6.9) 

91  (7.3) 

0.95  (0.68,1.33) 

0.753 

Officer 

22  (6.5) 

29  (5.9) 

1.11  (0.62,1.96) 

0.728 

Enlisted  Flyer 

15  (9.9) 

15  (8.0) 

1.26  (0.60,2.68) 

0.540 

Enlisted  Groundcrew 

23  (6.1) 

47  (8.3) 

0.73  (0.43,1.22) 

0.224 

11-33 

Coordination 

All 

19  (2.2) 

31  (2.5) 

0.88  (0.49,1.57) 

0.663 

Officer 

10  (2.9) 

8(1.6) 

1.84  (0.72,4.70) 

0.205 

Enlisted  Flyer 

1  (0.7) 

4  (2.2) 

0.30  (0.03,2.74) 

0.288 

Enlisted  Groundcrew 

8(2.1) 

19  (3.4) 

0.63  (0.27,1.45) 

0.279 

11-34 

Romberg  Sign 

All 

7  (0.8) 

7  (0.6) 

1.44  (0.50,4.13) 

0.494 

Officer 

5(1.5) 

2  (0.4) 

3.66  (0.71,19.00) 

0.122 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

- 

0.999a 

Enlisted  Groundcrew 

2  (0.5) 

4  (0.7) 

0.76  (0.14,4.16) 

0.749 

11-35 

Gait 

All 

50  (5.8) 

57  (4.6) 

1.28  (0.87,1.89) 

0.214 

Officer 

19  (5.6) 

26  (5.3) 

1.06  (0.58,1.95) 

0.844 

Enlisted  Flyer 

1 1  (7.3) 

11  (5.9) 

1.26  (0.53,2.98) 

0.604 

Enlisted  Groundcrew 

20  (5.3) 

20  (3.5) 

1.55  (0.82,2.92) 

0.178 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est  Relative  Risk 

1  ;  (95%  C,I.)  1 

p-Value 

RH 

1 1 1  c  1  j 

11-36 

CNS  Index 

All 

107(12.4) 

148(11.9) 

1.05  (0.80,1.37) 

0.731 

Officer 

39(11.5) 

53(10.8) 

1.08  (0.69,1.67) 

0.745 

Enlisted  Flyer 

24  (15.9) 

28(15.0) 

1.07  (0.59,1.94) 

0.816 

Enlisted  Groundcrew 

44(11.7) 

67(11.8) 

0.99  (0.66,1.49) 

0.977 

12-3 

Psychoses 

All 

34  (3.9) 

48  (3.8) 

1.02  (0.65,1.60) 

0.927 

Officer 

9(2.6) 

12(2.4) 

1.09  (0.45,2.61) 

0.853 

Enlisted  Flyer 

10(6.6) 

7  (3.7) 

1.82  (0.68,4.91) 

0.235 

Enlisted  Groundcrew 

15  (4.0) 

29  (5.1) 

0.78  (0.41,1.47) 

0.435 

12-4 

Alcohol  Dependence 

All 

62  (7.2) 

83  (6.7) 

1.08  (0.77,1.52) 

0.655 

Officer 

15  (4.4) 

26  (5.3) 

0.83  (0.43,1.58) 

0.566 

Enlisted  Flyer 

14  (9.3) 

16(8.6) 

1.09  (0.52,2.32) 

0.818 

Enlisted  Groundcrew 

33  (8.8) 

41  (7.2) 

1.24(0.77,2.00) 

0.377 

12-5 

Drug  Dependence 

All 

2  (0.2) 

4  (0.3) 

0.72  (0.13,3.94) 

0.700 

Officer 

0  (0.0) 

1  (0.2) 

— 

0.999a 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

2(0.5) 

3  (0.5) 

1.01  (0.17,6.08) 

0.990 

12-6 

Anxiety 

All 

232  (26.9) 

334  (26.8) 

1.00  (0.83,1.22) 

0.969 

Officer 

56(16.5) 

88(17.9) 

0.91  (0.63,1.31) 

0.605 

Enlisted  Flyer 

48  (32.0) 

56  (30.0) 

1.10(0.69,1.75) 

0.685 

Enlisted  Groundcrew 

128  (34.3) 

190  (33.6) 

1.03  (0.78,1.36) 

0.813 

12-7 

Other  Neuroses 

All 

467  (54.6) 

660  (53.2) 

1.06  (0.89,1.26) 

0.529 

Officer 

136  (40.2) 

226  (46.0) 

0.79  (0.60,1.05) 

0.099 

Enlisted  Flyer 

93  (62.4) 

112(60.5) 

1.08  (0.69,1.69) 

0.726 

Enlisted  Groundcrew 

238  (64.7) 

322  (57.1) 

1.38  (1.05,1.08) 

0.021 

12-8 

SCL-90-R  Anxiety 

All 

82  (9.5) 

140(11.2) 

0.83  (0.62,1.10) 

0.197 

Officer 

14  (4.1) 

28  (5.7) 

0.71  (0.37,1.37) 

0.309 

Enlisted  Flyer 

15(10.0) 

30(16.0) 

0.58(0.30.1.13) 

0.108 

Enlisted  Groundcrew 

53(14.1) 

82(14.4) 

0.98  (0.67,1.42) 

0.905 

12-9 

SCL-90-R  Depression 

All 

115(13.3) 

201  (16.1) 

0.80  (0.62,1.02) 

0.073 

Officer 

28  (8.2) 

47  (9.5) 

0.85  (0.52,1.39) 

0.512 

Enlisted  Flyer 

19(12.7) 

40  (21.4) 

0.53  (0.29,0.97) 

0.038 

Enlisted  Groundcrew 

68(18.1) 

114(20.0) 

0.88(0.63,1.23) 

0.469 

12-10 

SCL-90-R  Hostility 

All 

61  (7.0) 

111  (8.9) 

0.78(0.56,1.08) 

0.124 

Officer 

11  (3.2) 

23  (4.7) 

0.68  (0.33,1.42) 

0.304 

Enlisted  Flyer 

11  (7.3) 

21  (11.2) 

0.63  (0.29,1.34) 

0.228 

Enlisted  Groundcrew 

39  (10.4) 

67(11.8) 

0.87  (0.57,1.32) 

0.513 

12-11 

SCL-90-R 

All 

117(13.5) 

205(16.4) 

0.80  (0.62,1.02) 

0.066 

Interpersonal 

Officer 

25  (7.3) 

40  (8.1) 

0.90  (0.53,1.51) 

0.679 

Sensitivity 

Enlisted  Flyer 

22  (14.7) 

42  (22.5) 

0.59(0.34,1.05) 

0.072 

Enlisted  Groundcrew 

70(18.7) 

123  (21.6) 

0.83  (0.60,1.15) 

0.272 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table  Clinical  Occupational  ^u?f)e.r .i?’2A-norina^  Est.  Relative  Risk 


Ref, 

-  Parameter  . 

Category 

RH 

:  C  : 

(95%  C.I.) 

p- Value 

12-12 

SCL-90-R  Obsessive- 

All 

121  (14.0) 

205  (16.4) 

0.83(0.65,1.06) 

0.125 

Compulsive  Behavior 

Officer 

30  (8.8) 

47  (9.5) 

0.92  (0.57,1.48) 

0.718 

Enlisted  Flyer 

28(18.7) 

41  (21.9) 

0.82  (0.48,1.40) 

0.462 

Enlisted  Groundcrew 

63  (16.8) 

117(20.6) 

0.78(0.56,1.09) 

0.150 

12-13 

SCL-90-R  Paranoid 

All 

57  (6.6) 

89  (7.1) 

0.92  (0.65,1.30) 

0.627 

Ideation 

Officer 

8  (2.4) 

15  (3.0) 

0.77  (0.32,1.83) 

0.547 

Enlisted  Flyer 

8  (5.3) 

17  (9.1) 

0.56  (0.24,1.34) 

0.196 

Enlisted  Groundcrew 

41  (10.9) 

57(10.0) 

1.10(0.72,1.69) 

0.652 

12-14 

SCL-90-R  Phobic 

All 

85  (9.8) 

131  (10.5) 

0.93  (0.70,1.24) 

0.615 

Anxiety 

Officer 

10  (2.9) 

28  (5.7) 

0.50  (0.24,1.05) 

0.066 

Enlisted  Flyer 

15(10.0) 

27(14.4) 

0.66  (0.34,1.29) 

0.223 

Enlisted  Groundcrew 

60(16.0) 

76(13.4) 

1.24  (0.86,1.78) 

0.258 

12-15 

SCL-90-R 

All 

105(12.1) 

184(14.7) 

0.80  (0.62,1.03) 

0.084 

Psychoticism 

Officer 

21  (6.2) 

45  (9.1) 

0.65  (0.38,1.12) 

0.121 

Enlisted  Flyer 

19(12.7) 

31  (16.6) 

0.73  (0.39,1.35) 

0.317 

Enlisted  Groundcrew 

65  (17.3) 

108(19.0) 

0.90  (0.64,1.26) 

0.522 

12-16 

SCL-90-R 

All 

143(16.5) 

201  (16.1) 

1.03  (0.82,1.30) 

0.797 

Somatization 

Officer 

25  (7.3) 

36  (7.3) 

1.00  (0.59,1.71) 

0.987 

Enlisted  Flyer 

33  (22.0) 

52  (27.8) 

0.73(0.44,1.21) 

0.223 

Enlisted  Groundcrew 

85  (22.7) 

113(19.9) 

1.18  (0.86,1.62) 

0.300 

12-17 

SCL-90-R  Global 

All 

118(13.6) 

195(15.6) 

0.85  (0.67,1.09) 

0.204 

Severity  Index  (GSI) 

Officer 

23  (6.7) 

37  (7.5) 

0.89  (0.52,1.53) 

0.676 

Enlisted  Flyer 

22(14.7) 

41  (21.9) 

0.61  (0.35,1.08) 

0.091 

Enlisted  Groundcrew 

73(19.5) 

1 17  (20.6) 

0.93  (0.67,1.29) 

0.681 

12-18 

SCL-90-R  Positive 

All 

123(14.2) 

213(17.1) 

0.81  (0.63,1.02) 

0.076 

Symptom  Total  (PST) 

Officer 

25  (7.3) 

46  (9.3) 

0.77  (0.46,1.28) 

0.310 

Enlisted  Flyer 

26(17.3) 

42  (22.5) 

0.72  (0.42,1.25) 

0.245 

Enlisted  Groundcrew 

72(19.2) 

125  (22.0) 

0.84  (0.61,1.17) 

0.306 

12-19 

SCL-90-R  Positive 

All 

69  (8.0) 

84  (6.7) 

1.20  (0.86,1.67) 

0.280 

Symptom  Distress 

Officer 

14  (4.1) 

17  (3.5) 

1.20  (0.58,2.47) 

0.622 

Index  (PSDI) 

Enlisted  Flyer 

13  (8.7) 

19(10.2) 

0.84  (0.40,1.76) 

0.642 

Enlisted  Groundcrew 

42(11.2) 

48  (8.4) 

1.37  (0.88,2.12) 

0.158 

13-3 

Uncharacterized 

All 

17  (2.0) 

21  (1.7) 

1.17(0.61,2.23) 

0.634 

Hepatitis 

Officer 

5  (1.5) 

7(1.4) 

1.03  (0.32,3.28) 

0.958 

Enlisted  Flyer 

4  (2.6) 

3(1.6) 

1.67  (0.37,7.57) 

0.507 

Enlisted  Groundcrew 

8(2.1) 

11(1.9) 

1.11  (0.44,2.78) 

0.826 

13-4 

Jaundice 

All 

12(1.4) 

35  (2.9) 

0.49  (0.25,0.94) 

0.025 

Officer 

6(1.8) 

19(4.0) 

0.45  (0.18,1.14) 

0.091 

Enlisted  Flyer 

3  (2.0) 

1  (0.6) 

3.70  (0.38,35.9) 

0.260 

Enlisted  Groundcrew 

3  (0.8) 

15  (2.7) 

0.30  (0.09,1.04) 

0.057 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  {%)  Abnormal 

Est.  Relative  Risk 
-  (95%  CX)  ; 

--"  --  ..  '' 

p-Value 

RH 

C 

13-5 

Chronic  Liver  Disease 

All 

39  (4.8) 

56  (4.7) 

1.01  (0.67,1.54) 

0.958 

and  Cirrhosis 

Officer 

15  (4.6) 

14  (3.0) 

1.58  (0.75,3.32) 

0.229 

(Alcohol-related) 

Enlisted  Flyer 

7(5.1) 

12(6.7) 

0.75  (0.29,1.95) 

0.553 

Enlisted  Groundcrew 

17  (4.8) 

30  (5.6) 

0.85  (0.46,1.57) 

0.602 

13-6 

Chronic  Liver  Disease 

All 

14(1.6) 

14(1.1) 

1.44  (0.68,3.04) 

0.336 

and  Cirrhosis  (Non- 

Officer 

5(1.5) 

3  (0.6) 

2.43  (0.58,10.18) 

0.226 

alcohol-related) 

Enlisted  Flyer 

2(1.3) 

3(1.6) 

0.82  (0.14,4.99) 

0.832 

Enlisted  Groundcrew 

7(1.9) 

8(1.4) 

1.33(0.48,3.69) 

0.589 

13-7 

Liver  Abscess  and 

All 

1  (0.1) 

1  (0.1) 

1.44  (0.09,23.03) 

0.798 

Sequelae  of  Chronic 

Officer 

0  (0.0) 

1  (0.2) 

- 

0.999a 

Liver  Disease 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

1  (0.3) 

0  (0.0) 

- 

0.836a 

13-8 

Enlarged  Liver 

All 

14(1.6) 

27  (2.2) 

0.74  (0.39,1.42) 

0.361 

(Hepatomegaly) 

Officer 

5(1.5) 

9(1.8) 

0.80  (0.27,2.40) 

0.689 

Enlisted  Flyer 

6  (4.0) 

3(1.6) 

2.54  (0.62,10.32) 

0.193 

Enlisted  Groundcrew 

3  (0.8) 

15  (2.6) 

0.30  (0.09,1.03) 

0.056 

13-9 

Other  Liver  Disorders 

All 

249  (28.8) 

312(25.2) 

1.20  (0.99,1.46) 

0.067 

Officer 

93  (27.5) 

121  (24.9) 

1.15  (0.84,1.57) 

0.399 

Enlisted  Flyer 

40  (26.5) 

48  (25.7) 

1.04  (0.64,1.70) 

0.864 

Enlisted  Groundcrew 

116(30.8) 

143  (25.2) 

1.32  (0.99,1.76) 

0.062 

13-10 

Current  Hepatomegaly 

All 

10(1.2) 

7  (0.6) 

2.06  (0.78,5.43) 

0.141 

Officer 

4(1.2) 

2(0.4) 

2.90  (0.53,15.95) 

0.220 

Enlisted  Flyer 

2(1.3) 

0  (0.0) 

- 

0.389a 

Enlisted  Groundcrew 

4(1.1) 

5  (0.9) 

1.20  (0.32,4.51) 

0.783 

13-12 

AST 

All 

63  (7.3) 

82  (6.7) 

1.11  (0.79,1.56) 

0.552 

Officer 

24  (7.1) 

32  (6.5) 

1.09  (0.63,1.88) 

0.765 

Enlisted  Flyer 

10(6.7) 

16(8.6) 

0.75  (0.33,1.72) 

0.501 

Enlisted  Groundcrew 

29  (7.9) 

34  (6.1) 

1.31  (0.78,2.19) 

0.304 

13-14 

ALT 

All 

68  (7.9) 

87  (7.1) 

1.13(0.81,1.57) 

0.468 

Officer 

23  (6.8) 

22  (4.5) 

1.54  (0.85,2.82) 

0.157 

Enlisted  Flyer 

15  (10.0) 

19(10.3) 

0.97  (0.48,1.98) 

0.935 

Enlisted  Groundcrew 

30  (8.1) 

46  (8.3) 

0.98  (0.61,1.59) 

0.938 

13-16 

GGT 

All 

89  (10.4) 

124(10.1) 

1.03  (0.77,1.38) 

0.831 

Officer 

31  (9.1) 

37  (7.6) 

1.23  (0.75,2.02) 

0.419 

Enlisted  Flyer 

23  (15.3) 

25  (13.5) 

1.16(0.63,2.14) 

0.637 

Enlisted  Groundcrew 

35  (9.5) 

62(11.2) 

0.83(0.54,1.29) 

0.419 

13-18 

Alkaline  Phosphatase 

All 

22  (2.6) 

24(1.9) 

1.32  (0.74,2.37) 

0.352 

Officer 

4(1.2) 

12(2.4) 

0.47  (0.15,1.48) 

0.200 

Enlisted  Flyer 

6  (4.0) 

4  (2.2) 

1.89  (0.52,6.81) 

0.333 

Enlisted  Groundcrew 

12(3.3) 

8(1.4) 

2.30  (0.93,5.69) 

0.071 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est  Relative  Risk 
(95%  C.I.) 

p-Value 

RH 

1  111  8!  13 

13-20 

Total  Bilirubin 

All 

46  (5.4) 

76  (6.2) 

0.86  (0.59,1.25) 

0.430 

Officer 

22  (6.5) 

35  (7.1) 

0.90  (0.52,1.56) 

0.707 

Enlisted  Flyer 

8  (5.3) 

9  (4.9) 

1.10(0.41,2.93) 

0.846 

Enlisted  Groundcrew 

16(4.3) 

32  (5.8) 

0.74  (0.40,1.37) 

0.342 

13-21 

Direct  Bilirubin 

All 

1  (0.1) 

5  (0.4) 

0.29  (0.03,2.45) 

0.196 

Officer 

1  (0.3) 

3  (0.6) 

0.48  (0.05,4.62) 

0.524 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

— 

- 

Enlisted  Groundcrew 

0  (0.0) 

2  (0.4) 

- 

0.667a 

13-23 

Lactic  Dehydrogenase  All 

81  (9.4) 

129(10.5) 

0.89  (0.66,1.19) 

0.424 

Officer 

32  (9.4) 

53  (10.8) 

0.85  (0.54,1.36) 

0.506 

Enlisted  Flyer 

13  (8.7) 

15  (8.2) 

1.07  (0.49,2.32) 

0.866 

Enlisted  Groundcrew 

36  (9.8) 

61  (11.0) 

0.88  (0.57,1.35) 

0.555 

13-25 

Cholesterol 

All 

130(15.1) 

182(14.8) 

1.03  (0.81,1.31) 

0.826 

Officer 

39(11.5) 

68(13.9) 

0.80  (0.53,1.22) 

0.310 

Enlisted  Flyer 

22(14.7) 

28(15.1) 

0.96  (0.53,1.77) 

0.905 

Enlisted  Groundcrew 

69(18.7) 

86(15.5) 

1.26  (0.89,1.78) 

0.198 

13-27 

HDL  Cholesterol 

All 

71  (8.3) 

90  (7.3) 

1.14(0.83,1.58) 

0.421 

Officer 

19  (5.6) 

24  (4.9) 

1.15(0.62,2.13) 

0.664 

Enlisted  Flyer 

16(10.7) 

18(9.7) 

1.12(0.55,2.27) 

0.762 

Enlisted  Groundcrew 

36  (9.8) 

48  (8.7) 

1.14(0.73,1.80) 

0.561 

13-29 

Cholesterol-HDL 

All 

356(41.5) 

505  (41.1) 

1.02  (0.85,1.22) 

0.843 

Ratio 

Officer 

114(33.5) 

156  (31.9) 

1.08  (0.80,1.45) 

0.623 

Enlisted  Flyer 

58  (38.9) 

87  (47.0) 

0.72  (0.46,1.11) 

0.138 

Enlisted  Groundcrew 

184  (49.9) 

262  (47.1) 

1.12(0.86,1.45) 

0.414 

13-31 

Triglycerides 

All 

188  (21.9) 

250  (20.3) 

1.10(0.89,1.36) 

0.377 

Officer 

60  (17.7) 

82(16.7) 

1.07  (0.74,1.54) 

0.717 

Enlisted  Flyer 

30  (20.0) 

51  (27.6) 

0.66  (0.39,1.10) 

0.109 

Enlisted  Groundcrew 

98  (26.6) 

117(21.0) 

1.36(1.00,1.85) 

0.052 

13-33 

Creatine 

All 

72  (8.4) 

115  (9.3) 

0.89  (0.65,1.21) 

0.448 

Phosphokinase 

Officer 

26  (7.6) 

44  (9.0) 

0.84  (0.51,1.39) 

0.497 

Enlisted  Flyer 

7  (4.7) 

15  (8.1) 

0.55  (0.22,1.40) 

0.212 

Enlisted  Groundcrew 

39(10.6) 

56(10.1) 

1.06  (0.69,1.62) 

0.807 

13-35 

Serum  Amylase 

All 

25  (2.9) 

38  (3.1) 

0.94  (0.56,1.57) 

0.816 

Officer 

7(2.1) 

22  (4.5) 

0.45  (0.19,1.06) 

0.067 

Enlisted  Flyer 

4  (2.7) 

3(1.6) 

1.66  (0.37,7.54) 

0.510 

Enlisted  Groundcrew 

14  (3.8) 

13(2.3) 

1.65  (0.77,3.55) 

0.202 

13-36 

Antibodies  for 

All 

283  (32.5) 

421  (33.7) 

0.95  (0.79,1.14) 

0.580 

Hepatitis  A 

Officer 

92  (27.0) 

133  (27.0) 

1.00  (0.73,1.36) 

0.999 

Enlisted  Flyer 

74  (49.0) 

86  (46.0) 

1.13  (0.73,1.73) 

0.581 

Enlisted  Groundcrew 

117(31.0) 

202  (35.4) 

0.82  (0.62,1.08) 

0.153 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

>  Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

RH  C 

Est  Relative  Risk 
(95%  CL) 

p-Value 

13-37 

Prior  Hepatitis  B 

All 

77  (8.9) 

170(13.6) 

0.62  (0.46,0.82) 

0.001 

Officer 

13  (3.8) 

37  (7.5) 

0.49  (0.26,0.94) 

0.031 

Enlisted  Flyer 

19(12.6) 

37(19.8) 

0.58(0.32,1.06) 

0.079 

Enlisted  Groundcrew 

45  (11.9) 

96  (16.9) 

0.66  (0.45,0.97) 

0.035 

13-38 

Current  Hepatitis  B 

All 

1  (0.1) 

2  (0.2) 

0.72  (0.07,7.94) 

0.784 

Officer 

0  (0.0) 

0  (0.0) 

— 

- 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

1  (0.3) 

2(0.4) 

0.75  (0.07,8.34) 

0.817 

13-39 

Antibodies  for 

All 

9(1.0) 

18(1.4) 

0.72  (0.32,1.60) 

0.408 

Hepatitis  C 

Officer 

1  (0.3) 

4  (0.8) 

0.36  (0.04,3.24) 

0.362 

Enlisted  Flyer 

1  (0.7) 

2(1.1) 

0.62  (0.06,6.87) 

0.694 

Enlisted  Groundcrew 

7(1.9) 

12(2.1) 

0.88  (0.34,2.25) 

0.785 

13-40 

Stool  Hemoccult 

All 

29  (3.5) 

53  (4.4) 

0.78(0.49,1.23) 

0.279 

Officer 

14(4.2) 

22  (4.6) 

0.92  (0.46,1.83) 

0.818 

Enlisted  Flyer 

2(1.4) 

7  (3.9) 

0.34  (0.07,1.65) 

0.179 

Enlisted  Groundcrew 

13(3.7) 

24  (4.5) 

0.81  (0.41,1.61) 

0.547 

13-42 

Prealbumin 

All 

13(1.5) 

1 1  (0.9) 

1.70  (0.76,3.82) 

0.195 

Officer 

5(1.5) 

7(1.4) 

1.03  (0.32,3.27) 

0.960 

Enlisted  Flyer 

1  (0.7) 

1  (0.5) 

1.23  (0.08,19.91) 

0.882 

Enlisted  Groundcrew 

7(1.9) 

3  (0.5) 

3.56(0.92,13.87) 

0.067 

13-44 

Albumin 

All 

3  (0.3) 

10(0.8) 

0.43  (0.12,1.56) 

0.170 

Officer 

3  (0.9) 

4  (0.8) 

1.08  (0.24,4.86) 

0.919 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

— 

0.9993 

Enlisted  Groundcrew 

0  (0.0) 

5  (0.9) 

- 

0. 1 7  la 

13-46 

a- 1 -Acid  Glycoprotein  All 

37  (4.3) 

40  (3.2) 

1.34  (0.85,2.11) 

0.209 

Officer 

8  (2.4) 

15(3.1) 

0.76  (0.32,1.82) 

0.542 

Enlisted  Flyer 

9  (6.0) 

7  (3.8) 

1 .62  (0.59,4.47) 

0.348 

Enlisted  Groundcrew 

20  (5.4) 

18(3.2) 

1.71  (0.89,3.28) 

0.105 

13-50 

a-2-Macroglobulin 

All 

24  (2.8) 

47  (3.8) 

0.72  (0.44,1.19) 

0.199 

Officer 

8  (2.4) 

18  (3.7) 

0.63  (0.27,1.47) 

0.287 

Enlisted  Flyer 

5  (3.3) 

11(5.9) 

0.55  (0.19,1.61) 

0.271 

Enlisted  Groundcrew 

1 1  (3.0) 

18(3.2) 

0.92  (0.43,1.97) 

0.827 

13-52 

Apolipoprotein  B 

All 

423  (49.2) 

653  (53.0) 

0.86  (0.72,1.02) 

0.087 

Officer 

149  (43.8) 

242  (49.4) 

0.80  (0.61,1.06) 

0.114 

Enlisted  Flyer 

72  (48.0) 

1 16  (62.7) 

0.55  (0.35,0.85) 

0.007 

Enlisted  Groundcrew 

202  (54.7) 

295  (53.1) 

1.07  (0.82,1.39) 

0.615 

13-54 

C3  Complement 

All 

15(1.7) 

28  (2.3) 

0.76  (0.41,1.44) 

0.398 

Officer 

6(1.8) 

14(2.9) 

0.61  (0.23,1.61) 

0.317 

Enlisted  Flyer 

1  (0.7) 

5  (2.7) 

0.24  (0.03,2.09) 

0.197 

Enlisted  Groundcrew 

8  (2.2) 

9(1.6) 

1.35  (0.51,3.52) 

0.544 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est  Relative  Risk 
(95%  C.I.) 

p-Value 

RH 

lilt  ||  I;  I 

13-56 

C4  Complement 

All 

2  (0.2) 

2  (0.2) 

1.43  (0.20,10.20) 

0.719 

Officer 

2  (0.6) 

1  (0.2) 

2.89  (0.26,32.04) 

0.386 

Enlisted  Flyer 

0  (0.0) 

1  (0.5) 

- 

0.9993 

Enlisted  Groundcrew 

0  (0.0) 

0  (0.0) 

- 

— 

13-58 

Haptoglobin 

All 

281  (32.7) 

343  (27.9) 

1.26(1.04,1.52) 

0.017 

Officer 

84  (24.7) 

106  (21.6) 

1.19(0.86,1.65) 

0.300 

Enlisted  Flyer 

59  (39.3) 

62  (33.5) 

1.29  (0.82,2.01) 

0.271 

Enlisted  Groundcrew 

138  (37.4) 

175  (31.5) 

1.30  (0.99,1.72) 

0.063 

13-60 

Transferrin 

All 

70  (8.1) 

134(10.9) 

0.73  (0.54,0.98) 

0.036 

Officer 

24  (7.1) 

52(10.6) 

0.64  (0.39,1.06) 

0.083 

Enlisted  Flyer 

15(10.0) 

21  (11.4) 

0.87  (0.43,1.75) 

0.691 

Enlisted  Groundcrew 

31  (8.4) 

61  (11.0) 

0.74  (0.47,1.17) 

0.202 

14-3 

Essential  Hypertension 

All 

345  (40.6) 

509  (41.7) 

0.95  (0.80,1.14) 

0.606 

Officer 

128  (38.9) 

199  (41.5) 

0.90  (0.68,1.20) 

0.467 

Enlisted  Flyer 

71  (47.7) 

80  (43.5) 

1.18  (0.77,1.83) 

0.447 

Enlisted  Groundcrew 

146  (39.2) 

230  (41.4) 

0.92  (0.70,1.20) 

0.519 

14-4 

Heart  Disease 

All 

568  (66.1) 

749  (60.8) 

1.26(1.05,1.51) 

0.013 

(Excluding  Essential 

Officer 

238  (71.3) 

324  (66.9) 

1.22  (0.90,1.66) 

0.191 

Hypertension) 

Enlisted  Flyer 

112(75.2) 

1 1 1  (59.7) 

2.05  (1.27,3.28) 

0.003 

Enlisted  Groundcrew 

218(58.0) 

314(55.9) 

1.09  (0.84,1.42) 

0.523 

14-5 

Myocardial  Infarction 

All 

74  (8.6) 

102  (8.3) 

1.04  (0.76,1.43) 

0.786 

Officer 

28  (8.4) 

42  (8.7) 

0.96  (0.58,1.59) 

0.882 

Enlisted  Flyer 

16(10.7) 

15(8.1) 

1.37  (0.65,2.87) 

0.403 

Enlisted  Groundcrew 

30  (8.0) 

45  (8.0) 

1.00  (0.62,1.61) 

0.987 

14-6 

Stroke  or  Transient 

All 

11(1.3) 

14(1.1) 

1.13(0.51,2.50) 

0.766 

Ischemia  Attack 

Officer 

5(1.5) 

5(1.0) 

1.46  (0.42,5.07) 

0.555 

Enlisted  Flyer 

0  (0.0) 

3(1.6) 

- 

0.330a 

Enlisted  Groundcrew 

6(1.6) 

6(1.1) 

1.50  (0.48,4.69) 

0.483 

14-8 

Systolic  Blood 

All 

181  (21.1) 

262  (21.3) 

0.99  (0.80,1.22) 

0.914 

Pressure 

Officer 

78  (23.4) 

112(23.1) 

1.01  (0.73,1.41) 

0.944 

Enlisted  Flyer 

36  (24.2) 

43  (23.1) 

1.06  (0.64,1.76) 

0.823 

Enlisted  Groundcrew 

67  (17.8) 

107(19.0) 

0.92  (0.66,1.29) 

0.638 

14-10 

Diastolic  Blood 

All 

45  (5.2) 

61  (5.0) 

1.06  (0.71,1.58) 

0.769 

Pressure 

Officer 

20  (6.0) 

22  (4.5) 

1.34  (0.72,2.49) 

0.360 

Enlisted  Flyer 

8  (5.4) 

8  (4.3) 

1.26  (0.46,3.45) 

0.649 

Enlisted  Groundcrew 

17  (4.5) 

31  (5.5) 

0.81  (0.44,1.49) 

0.499 

14-11 

Heart  Sounds 

All 

31  (3.6) 

62  (5.0) 

0.71  (0.45,1.10) 

0.116 

Officer 

11  (3.3) 

26  (5.4) 

0.60  (0.29,1.23) 

0.164 

Enlisted  Flyer 

7  (4.7) 

11  (5.9) 

0.78  (0.30,2.08) 

0.625 

Enlisted  Groundcrew 

13  (3.5) 

25  (4.4) 

0.77  (0.39,1.52) 

0.452 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

RH  C 

■  :  V  :  v;:  ;  y  :v.::  S:. 

Est.  Relative  Risk 
(95%  C.I.) 

1  •  V  y 

■r  :  .  :  r  z 

; 

:•  .  . 

p- Value 

14-12 

Overall 

All 

268  (31.2) 

384  (31.2) 

1.00  (0.83,1.21) 

0.988 

Electrocardiograph 

Officer 

120(35.9) 

163  (33.7) 

1.10(0.82,1.48) 

0.506 

Enlisted  Flyer 

60  (40.3) 

62  (33.3) 

1.35  (0.86,2.11) 

0.190 

Enlisted  Groundcrew 

88  (23.4) 

159  (28.3) 

0.77  (0.57,1.05) 

0.096 

14-13 

Right  Bundle  Branch 

All 

21  (2.4) 

33  (2.7) 

0.91  (0.52,1.58) 

0.739 

Block 

Officer 

8  (2.4) 

13  (2.7) 

0.89  (0.36,2.17) 

0.796 

Enlisted  Flyer 

8  (5.4) 

7  (3.8) 

1.45  (0.51,4.10) 

0.482 

Enlisted  Groundcrew 

5(1.3) 

13(2.3) 

0.57  (0.20,1.61) 

0.288 

14-14 

Left  Bundle  Branch 

All 

5  (0.6) 

12(1.0) 

0.60  (0.21,1.70) 

0.317 

Block 

Officer 

2  (0.6) 

6(1.2) 

0.48  (0.10,2.39) 

0.370 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.91  la 

Enlisted  Groundcrew 

2(0.5) 

6(1.1) 

0.50  (0.10,2.47) 

0.391 

14-15 

Non-Specific  ST-  and 

All 

160(18.6) 

222(18.0) 

1.04  (0.83,1.30) 

0.724 

T-Wave  Changes 

Officer 

70  (21.0) 

95(19.6) 

1.09  (0.77,1.53) 

0.641 

Enlisted  Flyer 

33  (22.1) 

34(18.3) 

1.27  (0.74,2.17) 

0.380 

Enlisted  Groundcrew 

57  (15.2) 

93(16.5) 

0.90  (0.63,1.29) 

0.570 

14-16 

Bradycardia 

All 

24  (2.8) 

49  (4.0) 

0.69  (0.42,1.14) 

0.142 

Officer 

15  (4.5) 

31  (6.4) 

0.69  (0.36,1.29) 

0.245 

Enlisted  Flyer 

5  (3.4) 

5  (2.7) 

1.26  (0.36,4.43) 

0.722 

Enlisted  Groundcrew 

4(1.1) 

13  (2.3) 

0.45  (0.15,1.40) 

0.170 

14-17 

Tachycardia 

All 

6(0.7) 

4  (0.3) 

2.16(0.61,7.68) 

0.228 

Officer 

1  (0.3) 

1  (0.2) 

1.45  (0.09,23.27) 

0.793 

Enlisted  Flyer 

3  (2.0) 

0  (0.0) 

- 

0.1 74a 

Enlisted  Groundcrew 

2  (0.5) 

3  (0.5) 

1.00  (0.17,5.99) 

0.997 

14-18 

Arrhythmia 

All 

51  (5.9) 

68  (5.5) 

1.08  (0.74,1.57) 

0.686 

Officer 

25  (7.5) 

25  (5.2) 

1.49  (0.84,2.63) 

0.176 

Enlisted  Flyer 

13  (8.7) 

12(6.5) 

1.39  (0.61,3.13) 

0.433 

Enlisted  Groundcrew 

13  (3.5) 

31  (5.5) 

0.61  (0.32,1.19) 

0.147 

14-19 

Evidence  of  Prior 

All 

34  (4.0) 

53  (4.3) 

0.92  (0.59,1.42) 

0.698 

Myocardial  Infarction 

Officer 

15(4.5) 

23  (4.8) 

0.94  (0.48,1.83) 

0.862 

Enlisted  Flyer 

7  (4.7) 

9(4.8) 

0.97  (0.35,2.67) 

0.952 

Enlisted  Groundcrew 

12(3.2) 

21  (3.7) 

0.85  (0.41,1.75) 

0.657 

14-20 

ECG:  Other 

All 

3  (0.3) 

1  (0.1) 

4.31  (0.45,41.55) 

0.168 

Diagnoses 

Officer 

1  (0.3) 

0  (0.0) 

- 

0.852a 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

2  (0.5) 

1  (0.2) 

3.00  (0.27,33.20) 

0.370 

14-21 

Funduscopic 

All 

105  (12.2) 

156(12.7) 

0.96  (0.74,1.25) 

0.767 

Examination 

Officer 

42  (12.6) 

49(10.1) 

1.28  (0.83,1.99) 

0.267 

Enlisted  Flyer 

30  (20.1) 

32  (17.3) 

1.21  (0.69,2.09) 

0.508 

Enlisted  Groundcrew 

33  (8.8) 

75(13.3) 

0.62  (0.41,0.96) 

0.033 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 
■  Parameter-  ’ 

Occupational 

Category 

Number  (%)  Abnormal 

Esti  Relative  Risk 
(95%  CX) 

'  1 1 1  ? 

p- Value 

RH 

|  C  1 1 

14-22 

Carotid  Bruits 

All 

23  (2.7) 

33  (2.7) 

1.00  (0.58,1.71) 

0.999 

Officer 

6(1.8) 

12  (2.5) 

0.72  (0.27,1.94) 

0.515 

Enlisted  Flyer 

8  (5.4) 

5  (2.7) 

2.05  (0.66,6.41) 

0.215 

Enlisted  Groundcrew 

9  (2.4) 

16(2.8) 

0.84  (0.37,1.91) 

0.673 

14-23 

Radial  Pulses 

All 

7  (0.8) 

4  (0.3) 

2.52  (0.74,8.64) 

0.131 

Officer 

2  (0.6) 

2  (0.4) 

1.45  (0.20,10.36) 

0.710 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

5(1.3) 

2  (0.4) 

3.77  (0.73,19.55) 

0.114 

14-24 

Femoral  Pulses 

All 

19  (2.2) 

15(1.2) 

1.83  (0.93,3.63) 

0.080 

Officer 

7(2.1) 

8(1.7) 

1.27  (0.46,3.55) 

0.643 

Enlisted  Flyer 

5  (3.4) 

3(1.6) 

2. 1 1  (0.50,8.96) 

0.313 

Enlisted  Groundcrew 

7(1.9) 

4  (0.7) 

2.65  (0.77,9.10) 

0.123 

14-25 

Popliteal  Pulses 

All 

23  (2.7) 

28  (2.3) 

1.18  (0.68,2.06) 

0.561 

Officer 

7(2.1) 

12  (2.5) 

0.84  (0.33,2.16) 

0.717 

Enlisted  Flyer 

5  (3.4) 

4  (2.2) 

1.57  (0.41,5.96) 

0.506 

Enlisted  Groundcrew 

11  (2.9) 

12(2.1) 

1.38(0.60,3.16) 

0.445 

14-26 

Dorsalis  Pedis  Pulses 

All 

69  (8.0) 

95  (7.7) 

1.04  (0.76,1.44) 

0.796 

Officer 

27  (8.1) 

32  (6.6) 

1.24  (0.73,2.11) 

0.429 

Enlisted  Flyer 

18(12.1) 

17  (9.2) 

1.36  (0.67,2.74) 

0.392 

Enlisted  Groundcrew 

24  (6.4) 

46  (8.2) 

0.76  (0.46,1.28) 

0.305 

14-27 

Posterior  Tibial  Pulses 

All 

58  (6.8) 

64  (5.2) 

1.32  (0.91,1.90) 

0.142 

Officer 

22  (6.6) 

23  (4.8) 

1.41  (0.77,2.57) 

0.263 

Enlisted  Flyer 

14(9.4) 

13(7.1) 

1.36  (0.62,2.98) 

0.449 

Enlisted  Groundcrew 

22  (5.9) 

28  (5.0) 

1.19(0.67,2.10) 

0.562 

14-28 

Leg  Pulses 

All 

94  (10.9) 

123(10.0) 

1.10(0.83,1.47) 

0.496 

Officer 

36  (10.8) 

40  (8.3) 

1.34  (0.83,2.15) 

0.228 

Enlisted  Flyer 

25  (16.8) 

22(12.0) 

1.48  (0.79,2.74) 

0.218 

Enlisted  Groundcrew 

33  (8.8) 

61  (10.9) 

0.79  (0.51,1.23) 

0.300 

14-29 

Peripheral  Pulses 

All 

97(11.3) 

126(10.3) 

1.11  (0.84,1.47) 

0.454 

Officer 

37(11.1) 

42  (8.7) 

1.31  (0.82,2.08) 

0.258 

Enlisted  Flyer 

25  (16.8) 

22(12.0) 

1.48  (0.79,2.74) 

0.218 

Enlisted  Groundcrew 

35  (9.3) 

62(11.0) 

0.83  (0.53,1.28) 

0.396 

14-30 

ICVI  Index 

All 

33  (3.8) 

45  (3.7) 

1.06  (0.67,1.67) 

0.819 

Officer 

13  (3.9) 

15(3.1) 

1.27  (0.59,2.70) 

0.541 

Enlisted  Flyer 

7  (4.7) 

12(6.5) 

0.71  (0.27,1.86) 

0.492 

Enlisted  Groundcrew 

13  (3.5) 

18  (3.2) 

1.09  (0.53,2.24) 

0.825 

15-14 

Prothrombin  Time 

All 

10(1.5) 

13(1.3) 

1.14(0.50,2.61) 

0.761 

Officer 

6  (2.3) 

7(1.7) 

1.31  (0.43,3.93) 

0.634 

Enlisted  Flyer 

0  (0.0) 

1  (0.6) 

- 

0.999a 

Enlisted  Groundcrew 

4(1.3) 

5(1.1) 

1.19  (0.32,4.45) 

0.801 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
( Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est.  Relative  Risk 
(95%  CX) 

p-Value 

RH 

C 

15-15 

RBC  Morphology 

All 

64  (7.4) 

79  (6.3) 

1.18  (0.84,1.66) 

0.339 

Officer 

20  (5.9) 

28  (5.7) 

1.03  (0.57,1.87) 

0.910 

Enlisted  Flyer 

15  (9.9) 

17(9.1) 

1.10(0.53,2.29) 

0.793 

Enlisted  Groundcrew 

29  (7.8) 

34  (6.0) 

1.32(0.79,2.21) 

0.286 

15-18 

Absolute  Neutrophils 

All 

146(16.9) 

212(17.0) 

0.99  (0.79,1.25) 

0.945 

(bands)  (Zero  vs. 

Officer 

47(13.8) 

87(17.7) 

0.75  (0.51,1.10) 

0.136 

Nonzero) 

Enlisted  Flyer 

36  (23.8) 

27(14.4) 

1.86(1.07,3.23) 

0.029 

Enlisted  Groundcrew 

63(16.8) 

98(17.2) 

0.97  (0.69,1.38) 

0.880 

15-22 

Absolute  Eosinophils 

All 

106(12.2) 

153(12.3) 

1.00  (0.77,1.30) 

0.995 

(Zero  vs.  Nonzero) 

Officer 

36(10.6) 

45  (9.1) 

1.18  (0.74,1.86) 

0.493 

Enlisted  Flyer 

17(11.3) 

22(11.8) 

0.95  (0.49,1.86) 

0.885 

Enlisted  Groundcrew 

53  (14.2) 

86(15.1) 

0.93  (0.64,1.34) 

0.689 

15-24 

Absolute  Basophils 

All 

493  (56.9) 

669  (53.6) 

1.15(0.96,1.36) 

0.126 

(Zero  vs.  Nonzero) 

Officer 

192  (56.3) 

261  (52.9) 

1.15(0.87,1.51) 

0.338 

Enlisted  Flyer 

76  (50.3) 

100(53.5) 

0.88  (0.57,1.35) 

0.565 

Enlisted  Groundcrew 

225  (60.2) 

308  (54.1) 

1.28  (0.98,1.67) 

0.068 

16-3 

Past  Thyroid  Disease 

All 

65  (7.5) 

105  (8.4) 

0.89  (0.64,1.22) 

0.456 

Officer 

29  (8.6) 

46  (9.3) 

0.91  (0.56,1.48) 

0.704 

Enlisted  Flyer 

15  (10.0) 

14  (7.5) 

1.37  (0.64,2.94) 

0.415 

Enlisted  Groundcrew 

21  (5.6) 

45  (7.9) 

0.69  (0.40,1.18) 

0.171 

16-4 

Composite  Diabetes 

All 

145  (16.9) 

209(17.0) 

0.99  (0.79,1.25) 

0.960 

Indicator 

Officer 

52  (15.4) 

71  (14.5) 

1.08  (0.73,1.59) 

0.709 

Enlisted  Flyer 

27  (18.2) 

38  (20.7) 

0.86  (0.50,1.48) 

0.583 

Enlisted  Groundcrew 

66  (17.6) 

100(17.9) 

0.98  (0.70,1.38) 

0.915 

16-7 

Thyroid  Gland 

All 

6(0.7) 

16(1.3) 

0.53(0.21,1.36) 

0.171 

Officer 

4(1.2) 

11(2.3) 

0.52  (0.16,1.63) 

0.260 

Enlisted  Flyer 

1  (0.7) 

1  (0.5) 

1.27  (0.08,20.41) 

0.868 

Enlisted  Groundcrew 

1  (0.3) 

4  (0.7) 

0.37  (0.04,3.32) 

0.374 

16-8 

Testicular 

Alt 

39  (4.5) 

47  (3.8) 

1.20  (0.78,1.85) 

0.409 

Examination 

Officer 

16(4.8) 

27  (5.5) 

0.86  (0.45,1.62) 

0.635 

Enlisted  Flyer 

9(6.1) 

8  (4.3) 

1.42  (0.54,3.79) 

0.478 

Enlisted  Groundcrew 

14  (3.7) 

12(2.1) 

1.77  (0.81,3.87) 

0.152 

16-12 

Thyroxine 

All 

23  (2.7) 

32  (2.7) 

1.03  (0.60,1.77) 

0.928 

Officer 

13  (4.0) 

16  (3.4) 

1.17(0.56,2.47) 

0.674 

Enlisted  Flyer 

3(2.1) 

3(1.6) 

1.27  (0.25,6.39) 

0.772 

Enlisted  Groundcrew 

7(1.9) 

13(2.4) 

0.79  (0.31,2.01) 

0.624 

16-13 

Anti-Thyroid 

All 

5  (0.6) 

7  (0.6) 

1.02  (0.32,3.22) 

0.975 

Antibodies 

Officer 

2  (0.6) 

4  (0.9) 

0.72  (0.13,3.93) 

0.701 

Enlisted  Flyer 

2(1.4) 

1  (0.5) 

2.55  (0.23,28.40) 

0.447 

Enlisted  Groundcrew 

1  (0.3) 

2  (0.4) 

0.74  (0.07,8.18) 

0.805 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  ( Continued ) 


Table 

Ref. 

Clinical 

Parameter  V  - 

Occupational 

Category 

Number  {%)  Abnormal 

Est.  Relative  Risk 
]  V  (95%  C.I.)  i 

p-Yalue 

RH 

|  '  f  flit! 

16-15 

Fasting  Glucose 

All 

152(17.5) 

212(17.0) 

1.04  (0.83,1.31) 

0.741 

Officer 

56(16.5) 

75(15.2) 

1.11  (0.76,1.61) 

0.603 

Enlisted  Flyer 

29(19.2) 

36(19.3) 

1.00  (0.58,1.72) 

0.991 

Enlisted  Groundcrew 

67  (17.7) 

101  (17.8) 

1.00  (0.71,1.40) 

0.992 

16-17 

2-Hour  Postprandial 

All 

113(15.8) 

161  (15.7) 

1.01  (0.77,1.31) 

0.960 

Glucose 

Officer 

52(18.2) 

54(12.9) 

1.51  (1.00,2.28) 

0.052 

Enlisted  Flyer 

22(18.2) 

31  (21.2) 

0.82  (0.45,1.52) 

0.534 

Enlisted  Groundcrew 

39  (12.7) 

76(16.6) 

0.73  (0.48,1.11) 

0.136 

16-18 

Fasting  Urinary 

All 

35  (4.0) 

54  (4.3) 

0.93  (0.60,1.44) 

0.745 

Glucose 

Officer 

11  (3.2) 

12(2.4) 

1.35  (0.59,3.09) 

0.482 

Enlisted  Flyer 

8  (5.3) 

9  (4.8) 

1.11  (0.42,2.94) 

0.839 

Enlisted  Groundcrew 

16(4.2) 

33  (5.8) 

0.72  (0.39,1.32) 

0.288 

16-19 

2-Hour  Postprandial 

Alt 

179  (25.1) 

224  (21.9) 

1.19(0.95,1.50) 

0.122 

Urinary  Glucose 

Officer 

68  (24.0) 

73(17.5) 

1.49(1.03,2.17) 

0.034 

Enlisted  Flyer 

28  (23.1) 

43  (29.7) 

0.71  (0.41,1.24) 

0.233 

Enlisted  Groundcrew 

83  (26.9) 

108  (23.6) 

1.20  (0.86,1.67) 

0.291 

16-23 

a-l-C  Hemoglobin 

All 

97(11.2) 

130(10.4) 

1.08  (0.82,1.43) 

0.571 

Officer 

28  (8.3) 

37  (7.5) 

1.11  (0.67,1.85) 

0.684 

Enlisted  Flyer 

17(11.3) 

29(15.5) 

0.69  (0.36,1.31) 

0.259 

Enlisted  Groundcrew 

52(13.8) 

64(11.2) 

1.26  (0.85,1.86) 

0.250 

16-25 

Total  Testosterone 

All 

72  (8.5) 

90  (7.3) 

1.17(0.85,1.61) 

0.344 

Officer 

29  (8.8) 

34  (7.0) 

1.28  (0.76,2.14) 

0.352 

Enlisted  Flyer 

12  (8.2) 

1 1  (6.0) 

1.39  (0.60,3.25) 

0.445 

Enlisted  Groundcrew 

31  (8.3) 

45  (8.0) 

1.03  (0.64,1.67) 

0.890 

16-27 

Free  Testosterone 

All 

15(1.8) 

20(1.6) 

1.08  (0.55,2.13) 

0.815 

Officer 

7(2.1) 

10(2.1) 

1.03  (0.39,2.73) 

0.954 

Enlisted  Flyer 

6(4.1) 

1  (0.5) 

7.76  (0.92,65.18) 

0.059 

Enlisted  Groundcrew 

2  (0.5) 

9(1.6) 

0.33  (0.07,1.53) 

0.157 

16-29 

Estradiol 

All 

236  (27.1) 

350  (28.0) 

0.96  (0.79,1.16) 

0.666 

Officer 

80  (23.5) 

139  (28.1) 

0.78  (0.57,1.08) 

0.131 

Enlisted  Flyer 

44  (29.1) 

59  (31.6) 

0.89  (0.56,1.42) 

0.632 

Enlisted  Groundcrew 

112(29.6) 

152  (26.7) 

1.16(0.87,1.55) 

0.319 

16-31 

LH 

All 

49  (5.6) 

70  (5.6) 

1.01  (0.69,1.47) 

0.971 

Officer 

24  (7.0) 

28  (5.7) 

1.26  (0.72,2.21) 

0.422 

Enlisted  Flyer 

6  (4.0) 

8  (4.3) 

0.93  (0.31,2.73) 

0.889 

Enlisted  Groundcrew 

19(5.0) 

34  (6.0) 

0.83  (0.47,1.49) 

0.538 

16-33 

FSH 

All 

72  (8.3) 

98  (7.8) 

1.06  (0.77,1.46) 

0.713 

Officer 

39(11.4) 

48  (9.7) 

1.20  (0.77,1.88) 

0.424 

Enlisted  Flyer 

17(11.3) 

14(7.5) 

1.57  (0.75,3.29) 

0.235 

Enlisted  Groundcrew 

16  (4.2) 

36  (6.3) 

0.66  (0.36,1.20) 

0.171 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

RH  C 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

17-14 

ANA  Test 

All 

432(52.1) 

624  (52.0) 

1.00  (0.84,1.19) 

0.998 

Officer 

168  (51.4) 

251  (52.8) 

0.94  (0.71,1.25) 

0.683 

Enlisted  Flyer 

73  (51.4) 

87  (48.9) 

1.11  (0.71,1.72) 

0.653 

Enlisted  Groundcrew 

191  (52.9) 

286  (52.4) 

1.02  (0.78,1.33) 

0.876 

17-15 

ANA  Thyroid 

All 

24  (2.9) 

34  (2.8) 

1.02  (0.60,1.73) 

0.941 

Microsomal  Antibody 

Officer 

1 1  (3.4) 

14  (3.0) 

1.15(0.51,2.56) 

0.739 

Enlisted  Flyer 

3(2.1) 

5  (2.8) 

0.75  (0.18,3.18) 

0.693 

Enlisted  Groundcrew 

10  (2.8) 

15  (2.8) 

1.01  (0.45,2.27) 

0.984 

17-16 

MSK  Smooth  Muscle 

All 

101  (12.2) 

145  (12.1) 

1.01  (0.77,1.32) 

0.959 

Antibody 

Officer 

43(13.2) 

49(10.3) 

1.32  (0.85,2.04) 

0.217 

Enlisted  Flyer 

12  (8.5) 

29(16.3) 

0.47  (0.23,0.97) 

0.040 

Enlisted  Groundcrew 

46(12.7) 

67(12.3) 

1.04  (0.70,1.56) 

0.833 

17-17 

MSK  Mitochondrial 

All 

4  (0.5) 

2  (0.2) 

2.90  (0.53,15.86) 

0.203 

Antibody 

Officer 

4(1.2) 

1  (0.2) 

5.87  (0.65,52.76) 

0.114 

Enlisted  Flyer 

0  (0.0) 

1  (0.6) 

- 

0.999a 

Enlisted  Groundcrew 

0  (0.0) 

0  (0.0) 

- 

- 

17-18 

MSK  Parietal 

All 

36  (4.3) 

51  (4.3) 

1.02  (0.66,1.58) 

0.927 

Antibody 

Officer 

14(4.3) 

15(3.2) 

1.37  (0.65,2.88) 

0.404 

Enlisted  Flyer 

5  (3.5) 

10(5.6) 

0.61  (0.20,1.84) 

0.382 

Enlisted  Groundcrew 

17  (4.7) 

26  (4.8) 

0.99  (0.53,1.85) 

0.971 

17-19 

Rheumatoid  Factor 

All 

89(10.7) 

134(11.2) 

0.95  (0.72,1.27) 

0.748 

Officer 

43(13.2) 

56(11.8) 

1.13  (0.74,1.73) 

0.565 

Enlisted  Flyer 

19(13.4) 

23(12.9) 

1.04  (0.54,2.00) 

0.904 

Enlisted  Groundcrew 

27  (7.5) 

55  (10.1) 

0.72  (0.45,1.17) 

0.184 

18-3 

Asthma 

All 

41  (4.8) 

44  (3.5) 

1.37  (0.89,2.11) 

0.158 

Officer 

18(5.3) 

17(3.5) 

1.57  (0.80,3.10) 

0.191 

Enlisted  Flyer 

3  (2.0) 

8  (4.3) 

0.46  (0.12,1.76) 

0.257 

Enlisted  Groundcrew 

20  (5.4) 

19(3.4) 

1.64  (0.86,3.11) 

0.132 

18-4 

Bronchitis 

All 

183  (21.6) 

235  (19.2) 

1.16(0.94,1.44) 

0.177 

Officer 

60(18.2) 

86(17.8) 

1.03  (0.71,1.48) 

0.886 

Enlisted  Flyer 

40  (27.8) 

35(19.1) 

1.63  (0.97,2.73) 

0.066 

Enlisted  Groundcrew 

83  (22.3) 

114(20.4) 

1.12(0.81,1.54) 

0.496 

18-5 

Pneumonia 

All 

85  (10.3) 

140(11.6) 

0.87  (0.66,1.16) 

0.344 

Officer 

34  (10.6) 

64  (13.6) 

0.75  (0.48,1.17) 

0.200 

Enlisted  Flyer 

19(13.7) 

15  (8.3) 

1.74  (0.85,3.57) 

0.129 

Enlisted  Groundcrew 

32  (8.8) 

61  (11.0) 

0.78  (0.50,1.22) 

0.271 

18-6 

Thorax  and  Lung 

All 

102(11.7) 

140(11.2) 

1.05  (0.80,1.38) 

0.704 

Abnormalities 

Officer 

31  (9.1) 

33  (6.7) 

1.40  (0.84,2.33) 

0.200 

Enlisted  Flyer 

29(19.2) 

34(18.2) 

1.07  (0.62,1.85) 

0.810 

Enlisted  Groundcrew 

42(11.1) 

73  (12.8) 

0.85  (0.57,1.27) 

0.434 
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Table  G-5.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Occupational 

Category 

Number  (%)  Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p- Value 

RH 

III  c  l i 

18-7 

X-ray  Interpretation 

All 

98(11.3) 

118  (9.4) 

1.22(0.92,1.62) 

mm 

Officer 

39(11.4) 

42  (8.5) 

1.39  (0.88,2.20) 

Bm 

Enlisted  Flyer 

16(10.6) 

17  (9.1) 

1.19(0.58,2.43) 

wEm 

Enlisted  Groundcrew 

43(11.4) 

59(10.4) 

1.12(0.74,1.70) 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormalities. 

— :  Relative  risk,  confidence  interval,  and  p-value  are  not  presented  because  of  the  sparse  number  of  participants 
with  abnormalities. 

Note:  RH  =  Ranch  Hand;  C  =  Comparison. 
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Table  G-6.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  2  (Ranch  Hands: 
Log2  (Initial  Dioxin)) 


Table 

Ref. 

Clinical  Parameter 

Est.  Relative  Risk 
(95%  C.I.)a 

p-Value8 

9-3 

Self-perception  of  Health 

1.02  (0.85,1.21) 

0.859 

9-4 

Appearance  of  Illness  or  Distress 

0.71  (0.42,1.20) 

0.178 

9-5 

Relative  Age  Appearance 

1.05  (0.84,1.30) 

0.694 

9-7 

Body  Fat 

1.00  (0.87,1.15) 

0.989 

9-9 

Erythrocyte  Sedimentation  Rate 

1.17  (0.93,1.46) 

0.179 

10-3 

Skin  Neoplasms 

0.78(0.67,0.91) 

0.001 

10-4 

Malignant  Skin  Neoplasms 

0.79  (0.64,0.96) 

0.015 

10-5 

Benign  Skin  Neoplasms 

0.82  (0.69,0.98) 

0.022 

10-6 

Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

0.87  (0.44,1.75) 

0.696 

10-7 

Basal  Cell  Carcinoma  (All  Sites  Combined) 

0.67  (0.53,0.85) 

<0.001 

10-8 

Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

0.63  (0.48,0.83) 

<0.001 

10-9 

Basal  Cell  Carcinoma  (Trunk) 

0.79  (0.56,1.13) 

0.184 

10-10 

Basal  Cell  Carcinoma  (Upper  Extremities) 

0.51  (0.26,0.99) 

0.024 

10-11 

Basal  Cell  Carcinoma  (Lower  Extremities) 

1.09  (0.39,3.02) 

0.867 

10-12 

Squamous  Cell  Carcinoma 

0.95  (0.58,1.55) 

0.821 

10-13 

Nonmelanoma 

0.73  (0.59,0.90) 

0.003 

10-14 

Melanoma 

1.12(0.69,1.80) 

0.660 

10-15 

Systemic  Neoplasms  (All  Sites  Combined) 

0.93  (0.80,1.07) 

0.308 

10-16 

Malignant  Systemic  Neoplasms 

0.62  (0.46,0.84) 

0.001 

10-17 

Benign  Systemic  Neoplasms 

1.03  (0.88,1.20) 

0.718 

10-18 

Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

0.84  (0.49,1.47) 

0.534 

10-19 

Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 

0.50  (0.20,1.23) 

0.081 

10-20 

Malignant  Systemic  Neoplasms  (Oral  Cavity,  Pharynx,  and  Larynx) 

0.97  (0.39,2.41) 

0.953 

10-21 

Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum) 

- 

- 

10-22 

Malignant  Systemic  Neoplasms  (Thyroid  Gland) 

0.12(0.01,2.59) 

0.046 

10-23 

Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 

0.46  (0.20,1.04) 

0.030 

10-24 

Malignant  Systemic  Neoplasms  (Liver) 

1.76  (0.73,4.22) 

0.231 

10-25 

Malignant  Systemic  Neoplasms  (Colon  and  Rectum) 

0.76  (0.39,1.49) 

0.405 

10-26 

Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 

0.72  (0.37,1.41) 

0.312 

10-27 

Malignant  Systemic  Neoplasms  (Prostate) 

0.52  (0.30,0.89) 

0.007 

10-28 

Malignant  Systemic  Neoplasms  (Testicles) 

0.65  (0.21,1.98) 

0.413 

10-29 

Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft  Tissues) 

2.44  (0.70,8.47) 

0.168 

10-30 

Hodgkin’s  Disease 

- 

- 

10-31 

Non-Hodgkin’s  Lymphoma 

- 

- 

10-32 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic 
Tissue 

— 

— 

10-33 

All  Malignant  Skin  and  Systemic  Neoplasms 

0.74  (0.62.0.89) 

0.001 

10-34 

All  Skin  and  Systemic  Neoplasms 

0.84  (0.73,0.97) 

0.017 

10-36 

PSA 

0.53  (0.37,0.77) 

<0.001 

11-3 

Inflammatory  Diseases 

1.03  (0.48,2.18) 

0.943 

11-4 

Hereditary  and  Degenerative  Disorders 

1.01  (0.79,1.28) 

0.952 

11-5 

Peripheral  Disorders 

1.01  (0.86,1.18) 

0.915 

11-6 

Other  Neurological  Disorders 

1.06  (0.90,1.24) 

0.483 

11-7 

Smell 

0.94  (0.58,1.51) 

0.782 

11-8 

Visual  Fields 

3.93  (0.93,16.64) 

0.040 

11-9 

Light  Reaction 

- 

- 
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Table  G-6.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  2 
(Ranch  Hands ;  Log2  (Initial  Dioxin))  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Est  Relative  Risk 
(95%  C.I.)fl 

11-10 

Ocular  Movement 

0.77  (0.44,1.32) 

0.315 

11-11 

Facial  Sensation 

0.45  (0.04,5.19) 

0.455 

11-12 

Jaw  Clench 

0.59  (0.09,3.87) 

0.539 

11-13 

Smile 

1.38  (0.70,2.70) 

0.372 

11-14 

Palpebral  Fissure 

1.15  (0.50,2.64) 

0.750 

11-15 

Balance 

1.27  (0.48,3.35) 

0.638 

11-16 

Speech 

0.29  (0.03,2.42) 

0.143 

11-17 

Tongue  Position  Relative  to  Midline 

0.59  (0.09,3.87) 

0.539 

11-18 

Palate  and  Uvula  Movement 

0.59  (0.09,3.87) 

0.539 

11-19 

Cranial  Nerve  Index 

0.86  (0.63,1.17) 

0.331 

11-20 

Neck  Range  of  Motion 

0.85  (0.72,1.02) 

0.069 

11-21 

Pinprick 

1.10(0.86,1.41) 

0.460 

11-22 

Light  Touch 

0.92  (0.66,1.28) 

0.616 

11-23 

Muscle  Status 

0.87  (0.62,1.23) 

0.418 

11-24 

Patellar  Reflex 

1.18(0.82,1.71) 

0.374 

11-25 

Achilles  Reflex 

1.04  (0.87,1.23) 

0.688 

1 1-26 

Biceps  Reflex 

0.72  (0.41,1.24) 

0.203 

11-27 

Babinski  Reflex 

0.89  (0.28,2.86) 

0.848 

11-29 

Polyneuropathy  Prevalence  Index 

1.09  (0.91,1.31) 

0.344 

11-30 

Multiple  Polyneuropathy  Index 

1.30  (0.98,1.73) 

0.076 

11-31 

Confirmed  Polyneuropathy  Indicator 

1.63  (1.05,2.53) 

0.033 

11-32 

Tremor 

1.02  (0.77,1.36) 

0.869 

11-33 

Coordination 

0.90  (0.49,1.65) 

0.735 

11-34 

Romberg  Sign 

1.27  (0.48,3.35) 

0.638 

11-35 

Gait 

1.00  (0.74,1.35) 

0.998 

11-36 

CNS  Index 

1.00  (0.81,1.24) 

0.976 

12-3 

Psychoses 

0.90  (0.65,1.24) 

0.501 

12-4 

Alcohol  Dependence 

1.04  (0.81,1.34) 

0.747 

12-5 

Drug  Dependence 

- 

~ 

12-6 

Anxiety 

1.07  (0.92,1.24) 

0.360 

12-7 

Other  Neuroses 

1.02  (0.89,1.18) 

0.743 

12-8 

SCL-90-R  Anxiety 

0.98  (0.79,1.21) 

0.847 

12-9 

SCL-90-R  Depression 

1.10(0.91,1.32) 

0.345 

12-10 

SCL-90-R  Hostility 

1.12(0.88,1.42) 

0.377 

12-11 

SCL-90-R  Interpersonal  Sensitivity 

0.98  (0.81,1.18) 

0.798 

12-12 

SCL-90-R  Obsessive -Compulsive  Behavior 

1.02  (0.85,1.23) 

0.854 

12-13 

SCL-90-R  Paranoid  Ideation 

1.16(0.91,1.47) 

0.227 

12-14 

SCL-90-R  Phobic  Anxiety 

1.18(0.97,1.44) 

0.100 

12-15 

SCL-90-R  Psychoticism 

1.19(0.99,1.44) 

0.065 

12-16 

SCL-90-R  Somatization 

0.98  (0.83,1.17) 

0.840 

12-17 

SCL-90-R  Global  Severity  Index  (GSI) 

1.08  (0.90,1.29) 

0.415 

12-18 

SCL-90-R  Positive  Symptom  Total  (PST) 

1.04  (0.87,1.25) 

0.647 

12-19 

SCL-90-R  Positive  Symptom  Distress  Index  (PSDI) 

1.00  (0.79,1.26) 

0.992 

13-3 

Uncharacterized  Hepatitis 

1.10(0.67,1.80) 

0.705 

13-4 

Jaundice 

1.03  (0.21,5.02) 

0.973 

13-5 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 

1.06  (0.78,1.45) 

0.708 

13-6 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

1.02  (0.61,1.70) 

0.949 

13-7 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

1.99  (0.64,6.25) 

0.277 

13-8 

Enlarged  Liver  (Hepatomegaly) 

0.96  (0.56,1.65) 

0.880 
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Table  G-6.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin))  (Continued) 


Table 

Ref. 

'■  v 

*  ••  .  .  ' 

Clinical  Parameter 

.  *'  V 

E,“r 

p-Valuea 

13-9 

Other  Liver  Disorders 

1.12  (0.97,1.30) 

0.119 

13-10 

Current  Hepatomegaly 

0.69  (0.36,1.31) 

0.223 

13-12 

AST 

1.08  (0.86,1.36) 

0.498 

13-14 

ALT 

1.17(0.95,1.45) 

0.140 

13-16 

GGT 

1.00  (0.81,1.22) 

0.964 

13-18 

Alkaline  Phosphatase 

0.99  (0.60,1.65) 

0.971 

13-20 

Total  Bilirubin 

0.77  (0.54,1.09) 

0.118 

13-21 

Direct  Bilirubin 

— 

__ 

13-23 

Lactic  Dehydrogenase 

0.96  (0.75,1.21) 

0.709 

13-25 

Cholesterol 

1.21  (1.01,1.45) 

0.036 

13-27 

HDL  Cholesterol 

0.86  (0.66,1.12) 

0.249 

13-29 

Cholesterol-HDL  Ratio 

1.25  (1.09,1.45) 

0.002 

13-31 

Triglycerides 

1.09  (0.94,1.27) 

0.275 

13-33 

Creatine  Phosphokinase 

1.05  (0.83,1.32) 

0.698 

13-35 

Serum  Amylase 

0.86  (0.58,1.29) 

0.458 

13-36 

Antibodies  for  Hepatitis  A 

0.98  (0.85,1.14) 

0.830 

13-37 

Evidence  of  Prior  Hepatitis  B 

1.06  (0.86,1.31) 

0.588 

13-38 

Current  Hepatitis  B 

0.99  (0.17,5.76) 

0.987 

13-39 

Antibodies  for  Hepatitis  C 

0.61  (0.24,1.60) 

0.271 

13-40 

Stool  Hemoccult 

0.85  (0.59,1.24) 

0.390 

13-42 

Prealbumin 

1.44  (0.84,2.47) 

0.203 

13-44 

Albumin 

-- 

— 

13-46 

a- 1  -Acid  Glycoprotein 

1.00  (0.72,1.38) 

0.991 

13-50 

a-2-Macroglobulin 

1.22  (0.87,1.71) 

0.254 

13-52 

Apolipoprotein  B 

1.14(0.99,1.31) 

0.059 

13-54 

C3  Complement 

1.06  (0.45,2.49) 

0.898 

13-56 

C4  Complement 

- 

-- 

13-58 

Haptoglobin 

1.05  (0.91,1.21) 

0.506 

13-60 

Transferrin 

0.99  (0.77,1.27) 

0.931 

14-3 

Essential  Hypertension 

1.06  (0.91,1.23) 

0.441 

14-4 

Heart  Disease  (Excluding  Essential  Hypertension) 

0.79  (0.68,0.91) 

0.001 

14-5 

Myocardial  Infarction 

1.01  (0.79,1.28) 

0.945 

14-6 

Stroke  or  Transient  Ischemia  Attack 

1.22  (0.68,2.16) 

0.513 

14-8 

Systolic  Blood  Pressure 

0.83  (0.69,0.99) 

0.031 

14-10 

Diastolic  Blood  Pressure 

1.04  (0.79,1.37) 

0.793 

14-11 

Heart  Sounds 

1.01  (0.73,1.40) 

0.958 

14-12 

Overall  Electrocardiograph 

0.90  (0.77,1.05) 

0.171 

14-13 

Right  Bundle  Branch  Block 

0.93  (0.59,1.46) 

0.747 

14-14 

Left  Bundle  Branch  Block 

0.21  (0.01,6.22) 

0.213 

14-15 

Non-Specific  ST-  and  T-Wave  Changes 

0.91  (0.76,1.08) 

0.280 

14-16 

Bradycardia 

0.86  (0.44,1.65) 

0.631 

14-17 

Tachycardia 

1.38  (0.72,2.68) 

0.340 

14-18 

Arrhythmia 

0.81  (0.60,1.10) 

0.158 

14-19 

Evidence  of  Prior  Myocardial  Infarction 

1.05  (0.75,1.46) 

0.793 

14-20 

ECG:  Other  Diagnoses 

1.53  (0.62,3.79) 

0.381 

14-21 

Funduscopic  Examination 

0.93  (0.76,1.15) 

0.520 

14-22 

Carotid  Bruits 

1.06  (0.70,1.59) 

0.797 

14-23 

Radial  Pulses 

0.58  (0.17,1.99) 

0.334 

14-24 

Femoral  Pulses 

0.97  (0.61,1.53) 

0.890 
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Table  G-6.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin))  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Est  Relative  Risk 
;  (95%  CX)’ 

p-Valuea 

14-25 

Popliteal  Pulses 

0.89  (0.57,1.38) 

0.601 

14-26 

Dorsalis  Pedis  Pulses 

0.90  (0.69,1.17) 

0.417 

14-27 

Posterior  Tibial  Pulses 

1.01  (0.77,1.33) 

0.925 

14-28 

Leg  Pulses 

0.96  (0.77,1.20) 

0.739 

14-29 

Peripheral  Pulses 

0.96  (0.77,1.19) 

0.703 

14-30 

ICVI  Index 

0.99  (0.71,1.37) 

0.948 

15-14 

Prothrombin  Time 

0.66  (0.28,1.58) 

0.315 

15-15 

RBC  Morphology 

0.94  (0.73,1.21) 

0.622 

15-18 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

0.92  (0.76,1.11) 

0.381 

15-22 

Absolute  Eosinophils  (Zero  vs.  Nonzero) 

0.95  (0.77,1.17) 

0.630 

15-24 

Absolute  Basophils  (Zero  vs.  Nonzero) 

0.84  (0.73,0.97) 

0.015 

16-3 

Past  Thyroid  Disease 

1.13  (0.88,1.45) 

0.360 

16-4 

Composite  Diabetes  Indicator 

1.11  (0.94,1.32) 

0.231 

16-7 

Thyroid  Gland 

0.95  (0.32,2.81) 

0.923 

16-8 

Testicular  Examination 

0.93  (0.66,1.29) 

0.653 

16-12 

Thyroxine 

1.22  (0.79,1.89) 

0.375 

16-13 

Anti-Thyroid  Antibodies 

0.93  (0.30,2.89) 

0.905 

16-15 

Fasting  Glucose 

1.13  (0.95,1.34) 

0.172 

16-17 

2-Hour  Postprandial  Glucose 

0.88(0.71,1.10) 

0.267 

16-18 

Fasting  Urinary  Glucose 

1.19(0.90,1.57) 

0.220 

16-19 

2-Hour  Postprandial  Urinary  Glucose 

0.94  (0.78,1.14) 

0.535 

16-23 

cc-l-C  Hemoglobin 

1.28  (1.05,1.56) 

0.013 

16-25 

Total  Testosterone 

1.00  (0.80,1.26) 

0.973 

16-27 

Free  Testosterone 

0.46  (0.21,0.98) 

0.019 

16-29 

Estradiol 

1.17(1.00,1.36) 

0.045 

16-31 

LH 

0.93  (0.65,1.32) 

0.668 

16-33 

FSH 

0.94  (0.72,1.22) 

0.618 

17-14 

ANA  Test 

1.08  (0.94,1.24) 

0.301 

17-15 

ANA  Thyroid  Microsomal  Antibody 

0.77  (0.47,1.26) 

0.272 

17-16 

MSK  Smooth  Muscle  Antibody 

0.80  (0.62,1.02) 

0.061 

17-17 

MSK  Mitochondrial  Antibody 

0.11  (0.01,3.47) 

0.034 

17-18 

MSK  Parietal  Antibody 

0.86  (0.63,1.18) 

0.335 

17-19 

Rheumatoid  Factor 

0.75  (0.57,0.99) 

0.033 

18-3 

Asthma 

1.18(0.86,1.62) 

0.318 

18-4 

Bronchitis 

1.06  (0.89,1.25) 

0.513 

18-5 

Pneumonia 

0.81  (0.63,1.05) 

0.097 

18-6 

Thorax  and  Lung  Abnormalities 

1.06  (0.86,1.31) 

0.573 

18-7 

X-ray  Interpretation 

0.89  (0.70,1.15) 

0.373 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  for  dioxin. 

— :  Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  Ranch  Hands 
with  abnormalities. 


Note:  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3  (Ranch  Hands 
and  Comparisons  by  Dioxin  Category) 


Table 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

n 

Number  (%) 
Abnormal  § 

Est.  Relative  Risk 
■  {95%  CX)“ 

pr-Value® 

9-3 

Self-perception  of 

Comparison 

1,213 

119  (9.8) 

Health 

Background  RH 

380 

34  (9.0) 

0.97  (0.65,1.45) 

0.880 

Low  RH 

239 

39  (16.3) 

1.77(1.19,2.62) 

0.005 

High  RH 

243 

48  (19.8) 

2.14(1.48,3.10) 

<0.001 

Low  plus  High  RH 

482 

87(18.1) 

1.95  (1.44,2.63) 

<0.001 

9-4 

Appearance  of 

Comparison 

1,213 

13(1.1) 

Illness  or  Distress 

Background  RH 

381 

3  (0.8) 

0.74  (0.21,2.63) 

0.645 

Low  RH 

239 

7  (2.9) 

2.78(1.10,7.04) 

0.031 

High  RH 

243 

5(2.1) 

1.92  (0.67,5.45) 

0.223 

Low  plus  High  RH 

482 

12(2.5) 

2.30(1.03,5.13) 

0.041 

9-5 

Relative  Age 

Comparison 

1,213 

102  (8.4) 

Appearance 

Background  RH 

381 

39  (10.2) 

1.25  (0.84,1.84) 

0.271 

Low  RH 

239 

24(10.0) 

1.22  (0.76,1.94) 

0.415 

High  RH 

243 

27  (11.1) 

1.36  (0.87,2.13) 

0.183 

Low  plus  High  RH 

482 

51  (10.6) 

1.29  (0.90,1.83) 

0.166 

9-7 

Body  Fat 

Comparison 

1,213 

361  (29.8) 

Background  RH 

381 

73  (19.2) 

0.56  (0.42,0.74) 

<0.001 

Low  RH 

239 

85  (35.6) 

1.30  (0.97,1.74) 

0.076 

High  RH 

243 

83  (34.2) 

1.22  (0.91,1.64) 

0.175 

Low  plus  High  RH 

482 

168  (34.9) 

1.26(1.01,1.58) 

0.042 

9-9 

Erythrocyte 

Comparison 

1,213 

85  (7.0) 

Sedimentation  Rate 

Background  RH 

381 

25  (6.6) 

1.03  (0.65,1.64) 

0.908 

Low  RH 

239 

21  (8.8) 

1.25  (0.75,2.06) 

0.392 

High  RH 

243 

24  (9.9) 

1.34  (0.83,2.16) 

0.236 

Low  plus  High  RH 

482 

45  (9.3) 

1.29  (0.88,1.89) 

0.190 

10-3 

Skin  Neoplasms 

Comparison 

1,133 

389  (34.3) 

Background  RH 

359 

155  (43.2) 

1.49(1.17,1.90) 

0.001 

Low  RH 

210 

94  (44.8) 

1.54(1.14,2.07) 

0.005 

High  RH 

229 

75  (32.8) 

0.91  (0.67,1.23) 

0.546 

Low  plus  High  RH 

439 

169  (38.5) 

1.17  (0.93,1.47) 

0.183 

10-4 

Malignant  Skin 

Comparison 

1,133 

179(15.8) 

Neoplasms 

Background  RH 

359 

65(18.1) 

1.21  (0.88,1.66) 

0.237 

Low  RH 

210 

47  (22.4) 

1.52(1.06,2.19) 

0.023 

High  RH 

229 

32  (14.0) 

0.84  (0.56,1.27) 

0.417 

Low  plus  High  RH 

439 

79(18.0) 

1.12(0.83,1.51) 

0.457 

10-5 

Benign  Skin 

Comparison 

1,202 

258  (21.5) 

Neoplasms 

Background  RH 

378 

115(30.4) 

1.64(1.26,2.13) 

<0.001 

Low  RH 

233 

58  (24.9) 

1.21  (0.87,1.67) 

0.261 

High  RH 

242 

51  (21.1) 

0.96  (0.68,1.34) 

0.802 

Low  plus  High  RH 

475 

109  (23.0) 

1.07  (0.83,1.38) 

0.592 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  (%)  Est.  Relative  Risk 


Ref. 

Parameter 

Dioxin  Category 

n 

Abnormal 

p- Value* 

10-6 

Skin  Neoplasms  of 

Comparison 

1,133 

8  (0.7) 

Uncertain  Behavior 

Background  RH 

359 

2  (0.6) 

0.80  (0.17,3.80) 

0.777 

or  Unspecified 

Low  RH 

210 

3  (1.4) 

2.03  (0.53,7.72) 

0.300 

Nature 

High  RH 

229 

2  (0.9) 

1.22  (0.26,5.84) 

0.800 

Low  plus  High  RH 

439 

5(1.1) 

1.56  (0.49,4.91) 

0.449 

10-7 

Basal  Cell 

Comparison 

1,133 

150(13.2) 

Carcinoma  (All 

Background  RH 

359 

56  (15.6) 

1.24  (0.89,1.73) 

0.212 

Sites  Combined) 

Low  RH 

210 

42  (20.0) 

1.62(1.11,2.38) 

0.012 

High  RH 

229 

23(10.0) 

0.72  (0.45,1.14) 

0.160 

Low  plus  High  RH 

439 

65(14.8) 

1.06  (0.76,1.47) 

0.727 

10-8 

Basal  Cell 

Comparison 

1,133 

115(10.2) 

Carcinoma  (Ear, 

Background  RH 

359 

43(12.0) 

1.21  (0.83,1.76) 

0.316 

Face,  Head,  and 

Low  RH 

210 

33  (15.7) 

1.65(1.08,2.50) 

0.020 

Neck) 

High  RH 

229 

17  (7.4) 

0.71  (0.41,1.20) 

0.199 

Low  plus  High  RH 

439 

50(11.4) 

1.06  (0.73,1.53) 

0.762 

10-9 

Basal  Cell 

Comparison 

1,133 

46  (4.1) 

Carcinoma  (Trunk) 

Background  RH 

359 

18  (5.0) 

1.28  (0.73,2.25) 

0.383 

Low  RH 

210 

14  (6.7) 

1.67  (0.90,3.10) 

0.105 

High  RH 

229 

8(3.5) 

0.83  (0.39,1.79) 

0.638 

Low  plus  High  RH 

439 

22  (5.0) 

1.16(0.68,1.99) 

0.589 

10-10 

Basal  Cell 

Comparison 

1,133 

37  (3.3) 

Carcinoma  (Upper 

Background  RH 

359 

11(3.1) 

0.99  (0.50,1.97) 

0.981 

Extremities) 

Low  RH 

210 

7  (3.3) 

1.00  (0.44,2.27) 

0.993 

High  RH 

229 

3(1.3) 

0.37  (0.11,1.22) 

0.102 

Low  plus  High  RH 

439 

10  (2.3) 

0.60  (0.28,1.29) 

0.188 

10-11 

Basal  Cell 

Comparison 

1,133 

5  (0.4) 

Carcinoma  (Lower 

Background  RH 

359 

3  (0.8) 

2.07  (0.48,8.80) 

0.327 

Extremities) 

Low  RH 

210 

1  (0.5) 

1.04  (0.12,8.97) 

0.972 

High  RH 

229 

1  (0.4) 

0.91  (0.10,7.91) 

0.932 

Low  plus  High  RH 

439 

2  (0.5) 

0.97  (0.19,5.06) 

0.971 

10-12 

Squamous  Cell 

Comparison 

1,133 

20(1.8) 

Carcinoma 

Background  RH 

359 

10  (2.8) 

1.69  (0.78,3.66) 

0.187 

Low  RH 

210 

6  (2.9) 

1.60  (0.63,4.04) 

0.320 

High  RH 

229 

4(1.8) 

0.94  (0.32,2.78) 

0.907 

Low  plus  High  RH 

439 

10(2.3) 

1.21  (0.55,2.66) 

0.634 

10-13 

Nonmelanoma 

Comparison 

1,133 

169(14.9) 

Background  RH 

359 

62  (17.3) 

1.23  (0.89,1.70) 

0.203 

Low  RH 

210 

44  (21.0) 

1.49(1.03,2.16) 

0.034 

High  RH 

229 

28  (12.2) 

0.77  (0.50,1.18) 

0.231 

Low  plus  High  RH 

439 

72(16.4) 

1.06  (0.78,1.44) 

0.729 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Tabic 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

% 'ii  ? 

Number  (%) 
Abnormal 

Est.  Relative  Risk 
(95%  CX)* 

p-Value* 

10-14 

Melanoma 

Comparison 

1,133 

'  12(U) 

Background  RH 

359 

7  (2.0) 

1.76  (0.68,4.54) 

0.240 

Low  RH 

210 

5  (2.4) 

2.32  (0.81,6.68) 

0.117 

High  RH 

229 

4(1.8) 

1.74  (0.55,5.49) 

0.341 

Low  plus  High  RH 

439 

9(2.1) 

2.00  (0.83,4.83) 

0.122 

10-15 

Systemic  Neoplasms 

Comparison 

1,204 

358  (29.7) 

(All  Sites 

Background  RH 

376 

109  (29.0) 

0.98  (0.76,1.26) 

0.864 

Combined) 

Low  RH 

232 

83  (35.8) 

1.31  (0.98,1.76) 

0.072 

High  RH 

240 

72  (30.0) 

1.00  (0.74,1.36) 

0.995 

Low  plus  High  RH 

472 

155  (32.8) 

1.14(0.91,1.44) 

0.253 

10-16 

Malignant  Systemic 

Comparison 

1,211 

73  (6.0) 

Neoplasms 

Background  RH 

378 

21  (5.6) 

0.91  (0.55,1.51) 

0.727 

Low  RH 

234 

34  (14.5) 

2.65  (1.72,4.09) 

<0.001 

High  RH 

242 

11  (4.6) 

0.74  (0.39,1.43) 

0.374 

Low  plus  High  RH 

476 

45  (9.5) 

1.39  (0.91,2.13) 

0.132 

10-17 

Benign  Systemic 

Comparison 

1,204 

289  (24.0) 

Neoplasms 

Background  RH 

376 

93  (24.7) 

1.05  (0.80,1.38) 

0.710 

Low  RH 

232 

58  (25.0) 

1.05  (0.76,1.46) 

0.760 

High  RH 

240 

63  (26.3) 

1.12(0.81,1.53) 

0.500 

Low  plus  High  RH 

472 

121  (25.6) 

1.08  (0.85,1.39) 

0.521 

10-18 

Systemic  Neoplasms 

Comparison 

1,211 

25  (2.1) 

of  Uncertain 

Background  RH 

378 

8(2.1) 

1.08  (0.48,2.44) 

0.845 

Behavior  or 

Low  RH 

234 

6(2.6) 

1.23  (0.50,3.03) 

0.657 

Unspecified  Nature 

High  RH 

242 

2  (0.8) 

0.38(0.09,1.61) 

0.187 

Low  plus  High  RH 

476 

8(1.7) 

0.67  (0.27,1.67) 

0.392 

10-19 

Malignant  Systemic 

Comparison 

1,211 

12(1.0) 

Neoplasms  (Eye, 

Background  RH 

378 

3  (0.8) 

0.72  (0.20,2.58) 

0.612 

Ear,  Face,  Head,  and 

Low  RH 

234 

5  (2.1) 

2.24  (0.78,6.43) 

0.134 

Neck) 

High  RH 

242 

1  (0.4) 

0.46  (0.06,3.53) 

0.451 

Low  plus  High  RH 

476 

6(1.3) 

1.00  (0.29,3.41) 

0.995 

10-20 

Malignant  Systemic 

Comparison 

1,211 

7  (0.6) 

Neoplasms  (Oral 

Background  RH 

378 

1  (0.3) 

0.43  (0.05,3.52) 

0.431 

Cavity,  Pharynx,  and 

Low  RH 

234 

2  (0.9) 

1.51  (0.31,7.30) 

0.612 

Larynx) 

High  RH 

242 

1  (0.4) 

0.75  (0.09,6.18) 

0.791 

Low  plus  High  RH 

476 

3  (0.6) 

1.06  (0.25,4.39) 

0.938 

10-21 

Malignant  Systemic 

Comparison 

1,211 

0  (0.0) 

Neoplasms 

Background  RH 

378 

2  (0.5) 

-- 

0.089b 

(Thymus,  Heart,  and 

Low  RH 

234 

0  (0.0) 

- 

- 

Mediastinum) 

High  RH 

242 

0  (0.0) 

-- 

-- 

Low  plus  High  RH 

476 

0  (0.0) 

- 

-- 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

|||l|j|j  Clinical  r 
Parameter 

Dioxin  Category 

f||  will 

Number  (%) 
Abnormal 

EsL  Relative  Risk 

}  |  (95%  CX)"  i  |  ' 

p-Value* 

10-22 

Malignant  Systemic 

Comparison 

1,211 

2  (0.2) 

Neoplasms  (Thyroid 

Background  RH 

378 

0  (0.0) 

- 

0.999b 

Gland) 

Low  RH 

234 

2  (0.9) 

5.42  (0.76,38.74) 

0.092 

High  RH 

242 

0  (0.0) 

- 

0.999b 

Low  plus  High  RH 

476 

2  (0.4) 

- 

0.680b 

10-23 

Malignant  Systemic 

Comparison 

1,211 

3  (0.3) 

Neoplasms 

Background  RH 

378 

2(0.5) 

2.14  (0.35,12.94) 

0.408 

(Bronchus  and 

Low  RH 

234 

8  (3.4) 

14.26  (3.75,54.20) 

<0.001 

Lung) 

High  RH 

242 

0  (0.0) 

- 

0.999b 

Low  plus  High  RH 

476 

8(1.7) 

- 

0.003b 

10-24 

Malignant  Systemic 

Comparison 

1,211 

2  (0.2) 

Neoplasms  (Liver) 

Background  RH 

378 

0  (0.0) 

- 

0.999b 

Low  RH 

234 

0  (0.0) 

— 

0.999b 

High  RH 

242 

2(0.8) 

5.70  (0.78,41.53) 

0.086 

Low  plus  High  RH 

476 

2(0.4) 

- 

0.680b 

10-25 

Malignant  Systemic 

Comparison 

1,211 

8  (0.7) 

Neoplasms  (Colon 

Background  RH 

378 

1  (0.3) 

0.49  (0.06,3.94) 

0.500 

and  Rectum) 

Low  RH 

234 

5(2.1) 

3.02  (0.97,9.45) 

0.057 

High  RH 

242 

1  (0.4) 

0.51  (0.06,4.15) 

0.528 

Low  plus  High  RH 

476 

6(1.3) 

1.22  (0.33,4.51) 

0.764 

10-26 

Malignant  Systemic 

Comparison 

1,211 

6  (0.5) 

Neoplasms  (Kidney 

Background  RH 

378 

4(1.1) 

2.04  (0.57,7.34) 

0.273 

and  Bladder) 

Low  RH 

234 

5(2.1) 

4.44(1.34,14.69) 

0.015 

High  RH 

242 

2  (0.8) 

1.75  (0.35,8.75) 

0.497 

Low  plus  High  RH 

476 

7(1.5) 

2.76  (0.87,8.80) 

0.085 

10-27 

Malignant  Systemic 

Comparison 

1,211 

39  (3.2) 

Neoplasms 

Background  RH 

378 

9(2.4) 

0.73  (0.35,1.52) 

0.398 

(Prostate) 

Low  RH 

234 

12(5.1) 

1.63  (0.84,3.16) 

0.150 

High  RH 

242 

4(1.7) 

0.51  (0.18,1.44) 

0.202 

Low  plus  High  RH 

476 

16(3.4) 

0.90  (0.46,1.75) 

0.757 

10-28 

Malignant  Systemic 

Comparison 

1,211 

0  (0.0) 

Neoplasms 

Background  RH 

378 

0  (0.0) 

- 

- 

(Testicles) 

Low  RH 

234 

2  (0.9) 

- 

0.024b 

High  RH 

242 

1  (0.4) 

- 

0.371b 

Low  plus  High  RH 

476 

3  (0.6) 

- 

0.034b 

10-29 

Malignant  Systemic 

Comparison 

1,211 

2  (0.2) 

Neoplasms 

Background  RH 

378 

0  (0.0) 

- 

0.999b 

(Connective  and 

Low  RH 

234 

0  (0.0) 

- 

0.999b 

Other  Soft  Tissues) 

High  RH 

242 

1  (0.4) 

2.34  (0.21,26.43) 

0.493 

Low  plus  High  RH 

476 

1  (0.2) 

- 

0.999b 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Reft;) 

Clinical 

Parameter 

Dioxin  Category 

Number  (%) 
Abnormal 

Est.  Relative  Risk 
(95%  C.I.)* 

10-30 

Hodgkin’s  Disease 

Comparison 

1,211 

3  (0.3) 

Background  RH 

378 

1  (0.3) 

0.92  (0.09,9.02) 

0.945 

Low  RH 

234 

0  (0.0) 

- 

0.9991 

High  RH 

242 

0  (0.0) 

— 

0.9991 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.656' 

10-31 

Non-Hodgkin’s 

Comparison 

1,211 

3  (0.3) 

Lymphoma 

Background  RH 

378 

1  (0.3) 

0.92  (0.09,9.02) 

0.944 

Low  RH 

234 

0  (0.0) 

— 

0.9991 

High  RH 

242 

0  (0.0) 

- 

0.999' 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.656' 

10-32 

Other  Malignant 

Comparison 

1,211 

2  (0.2) 

Systemic  Neoplasms 

Background  RH 

378 

2  (0.5) 

2.64  (0.37,19.03) 

0.336 

of  Lymphoid  and 

Low  RH 

234 

0  (0.0) 

- 

0.999' 

Histiocytic  Tissue 

High  RH 

242 

0  (0.0) 

— 

0.999' 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.919' 

10-33 

All  Malignant  Skin 

Comparison 

1,200 

226(18.8) 

and  Systemic 

Background  RH 

375 

76  (20.3) 

1.12(0.83,1.49) 

0.464 

Neoplasms 

Low  RH 

228 

68  (29.8) 

1.82(1.33,2.51) 

<0.001 

High  RH 

241 

41  (17.0) 

0.87  (0.60,1.26) 

0.457 

Low  plus  High  RH 

469 

109  (23.2) 

1.25  (0.96,1.62) 

0.103 

10-34 

All  Skin  and 

Comparison 

1,193 

602  (50.5) 

Systemic  Neoplasms 

Background  RH 

374 

211  (56.4) 

1.30(1.03,1.64) 

0.030 

Low  RH 

227 

137  (60.4) 

1.49(1.11,1.99) 

0.007 

High  RH 

239 

122  (51.1) 

1.01  (0.76,1.33) 

0.969 

Low  plus  High  RH 

466 

259  (55.6) 

1.22  (0.98,1.51) 

0.076 

10-36 

PSA 

Comparison 

1,152 

71  (6.2) 

Background  RH 

365 

20  (5.5) 

0.85  (0.51,1.42) 

0.526 

Low  RH 

222 

22  (9.9) 

1.69(1.02,2.79) 

0.040 

High  RH 

236 

12(5.1) 

0.85  (0.45,1.59) 

0.603 

Low  plus  High  RH 

458 

34  (7.4) 

1.18(0.76,1.84) 

0.454 

11-3 

Inflammatory 

Comparison 

1,204 

1  (0.1) 

Diseases 

Background  RH 

380 

3  (0.8) 

8.82  (0.91,85.93) 

0.061 

Low  RH 

239 

2  (0.8) 

10.31  (0.93,114.27) 

0.057 

High  RH 

240 

2  (0.8) 

10.86  (0.97,121.25) 

0.053 

Low  plus  High  RH 

479 

4  (0.8) 

10.58  (1.18,95.25) 

0.035 

11-4 

Hereditary  and 

Comparison 

1,211 

107  (8.8) 

Degenerative 

Background  RH 

380 

37  (9.7) 

1.08  (0.73,1.61) 

0.697 

Diseases 

Low  RH 

239 

21  (8.8) 

1.00  (0.61,1.63) 

0.999 

High  RH 

240 

22  (9.2) 

1.07  (0.66,1.73) 

0.792 

Low  plus  High  RH 

479 

43  (9.0) 

1.03  (0.71,1.50) 

0.864 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
( Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

iiUtt 

#1111  GUM  ?  ,  . 

Parameter 

Dioxin  Category 

f.'-  .n  •• 

Number  (%) 
Abnormal 

Est.  Relative  Risk 
(95%  C.L)a 

p*  Value1 

11-5 

Peripheral  Disorders 

Comparison 

1,209 

233  (19.3) 

Background  RH 

377 

65  (17.2) 

0.91  (0.67,1.23) 

0.531 

Low  RH 

239 

61  (25.5) 

1.42(1.03,1.97) 

0.033 

High  RH 

240 

59  (24.6) 

1.32  (0.95,1.83) 

0.097 

Low  plus  High  RH 

479 

120  (25.1) 

1.37  (1.07,1.76) 

0.014 

11-6 

Other  Neurological 

Comparison 

1,206 

204(16.9) 

Disorders 

Background  RH 

377 

59  (15.7) 

0.88  (0.64,1.21) 

0.442 

Low  RH 

239 

55  (23.0) 

1.48(1.06,2.07) 

0.023 

High  RH 

239 

58  (24.3) 

1.62(1.16,2.26) 

0.005 

Low  plus  High  RH 

478 

113(23.6) 

1.55(1.19,2.01) 

0.001 

11-7 

Smell 

Comparison 

1,209 

18(1.5) 

Background  RH 

378 

8(2.1) 

1.42  (0.61,3.31) 

0.420 

Low  RH 

238 

7  (2.9) 

2.01  (0.83,4.86) 

0.122 

High  RH 

239 

4(1.7) 

1.14(0.38,3.40) 

0.821 

Low  plus  High  RH 

477 

11  (2.3) 

1.51  (0.69,3.29) 

0.300 

11-8 

Visual  Fields 

Comparison 

1,207 

5  (0.4) 

Background  RH 

380 

1  (0.3) 

0.70  (0.08,6.09) 

0.746 

Low  RH 

239 

0  (0.0) 

— 

0.694b 

High  RH 

240 

1  (0.4) 

0.92  (0.11,8.03) 

0.940 

Low  plus  High  RH 

479 

1  (0.2) 

-- 

0.853b 

11-9 

Light  Reaction 

Comparison 

1,209 

11  (0.9) 

Background  RH 

376 

1  (0.3) 

0.30  (0.04,2.35) 

0.252 

Low  RH 

239 

0  (0.0) 

— 

0.283” 

High  RH 

239 

0  (0.0) 

- 

0.283” 

Low  plus  High  RH 

478 

0  (0.0) 

-- 

0.079” 

11-10 

Ocular  Movement 

Comparison 

1,211 

14(1.2) 

Background  RH 

380 

4(1.1) 

0.93  (0.30,2.85) 

0.896 

Low  RH 

239 

5(2.1) 

1.82  (0.65,5.10) 

0.256 

High  RH 

240 

5(2.1) 

1.79  (0.63,5.04) 

0.271 

Low  plus  High  RH 

479 

10(2.1) 

1.80  (0.79,4.10) 

0.159 

11-11 

Facial  Sensation 

Comparison 

1,210 

2  (0.2) 

Background  RH 

379 

1  (0.3) 

1.77  (0.16,19.96) 

0.646 

Low  RH 

239 

1  (0.4) 

2.46  (0.22,27.39) 

0.463 

High  RH 

240 

0  (0.0) 

- 

0.999” 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.999” 

11-12 

Jaw  Clench 

Comparison 

1,211 

0  (0.0) 

Background  RH 

380 

1  (0.3) 

- 

0.540” 

Low  RH 

239 

1  (0.4) 

- 

0.366” 

High  RH 

240 

0  (0.0) 

- 

- 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.631” 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


lfpl; 

Ref. 

Clinical 

Parameter 

Dioxin  Category  ; 

lllfffl 

Number  (%)  ~ 
Abnormal 

Est  Relative  Risk 
(95%  CX)a 

11-13 

Smile 

Comparison 

1,211 

4  (0.3) 

Background  RH 

380 

3  (0.8) 

2.61  (0.57,11.87) 

0.214 

Low  RH 

239 

2  (0.8) 

2.49  (0.45,13.68) 

0.295 

High  RH 

240 

2  (0.8) 

2.35  (0.42,13.05) 

0.328 

Low  plus  High  RH 

479 

4  (0.8) 

2.42  (0.60,9.77) 

0.215 

11-14 

Palpebral  Fissure 

Comparison 

1,211 

12(1.0) 

Background  RH 

380 

4(1.1) 

1.20  (0.38,3.78) 

0.759 

Low  RH 

239 

2  (0.8) 

0.81  (0.18,3.66) 

0.785 

High  RH 

240 

1  (0.4) 

0.37  (0.05,2.91) 

0.347 

Low  plus  High  RH 

479 

3  (0.6) 

0.55  (0.14,2.10) 

0.381 

11-15 

Balance 

Comparison 

1,210 

7  (0.6) 

Background  RH 

380 

5(1.3) 

2.52  (0.78,8.10) 

0.121 

Low  RH 

239 

1  (0.4) 

0.70  (0.09,5.74) 

0.741 

High  RH 

240 

1  (0.4) 

0.66  (0.08,5.43) 

0.699 

Low  plus  High  RH 

479 

2  (0.4) 

0.68  (0.14,3.31) 

0.633 

11-16 

Speech 

Comparison 

1,211 

9  (0.7) 

Background  RH 

380 

2  (0.5) 

0.81  (0.17,3.83) 

0.793 

Low  RH 

239 

2  (0.8) 

1.07  (0.23,5.02) 

0.929 

High  RH 

240 

0  (0.0) 

- 

0.374b 

Low  plus  High  RH 

479 

2  (0.4) 

- 

0.678” 

11-17 

Tongue  Position 

Comparison 

1,211 

0  (0.0) 

Relative  to  Midline 

Background  RH 

380 

1  (0.3) 

- 

0.540b 

Low  RH 

239 

1  (0.4) 

- 

0.366” 

High  RH 

240 

0  (0.0) 

- 

- 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.631” 

11-18 

Palate  and  Uvula 

Comparison 

1,211 

0  (0.0) 

Movement 

Background  RH 

380 

0  (0.0) 

- 

~ 

Low  RH 

239 

1  (0.4) 

- 

0.366” 

High  RH 

240 

0  (0.0) 

- 

- 

Low  plus  High  RH 

479 

1  (0.2) 

- 

0.631” 

11-19 

Cranial  Nerve  Index 

Comparison 

1,207 

68  (5.6) 

Background  RH 

371 

25  (6.7) 

1.27  (0.79,2.05) 

0.329 

Low  RH 

236 

19(8.1) 

1.45  (0.86,2.47) 

0.166 

High  RH 

236 

11(4.7) 

0.78(0.41,1.51) 

0.469 

Low  plus  High  RH 

472 

30  (6.4) 

1.07  (0.68,1.69) 

0.776 

11-20 

Neck  Range  of 

Comparison 

1,211 

180(14.9) 

Motion 

Background  RH 

380 

60  (15.8) 

1.16(0.84,1.60) 

0.366 

Low  RH 

239 

56  (23.4) 

1.73  (1.23,2.43) 

0.002 

High  RH 

240 

47  (19.6) 

1.31  (0.91,1.87) 

0.142 

Low  plus  High  RH 

479 

103  (21.5) 

1.50(1.15,1.97) 

0.003 

G-55 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  (%)  Est  Relative  Risk 


|g|$i 

Parameter 

Dioxin  Category 

Abnormal 

(95%  CX)“ 

p-Value* 

11-21 

Pinprick 

Comparison 

1,149 

63  (5.5) 

Background  RH 

362 

19(5.3) 

1.03  (0.61,1.76) 

0.900 

Low  RH 

226 

15  (6.6) 

1.20  (0.67,2.15) 

0.542 

High  RH 

227 

21  (9.3) 

1.64  (0.98,2.76) 

0.062 

Low  plus  High  RH 

453 

36  (8.0) 

1.40  (0.91,2.16) 

0.123 

11-22 

Light  Touch 

Comparison 

1,149 

43  (3.7) 

Background  RH 

362 

13(3.6) 

1.01  (0.54,1.92) 

0.965 

Low  RH 

226 

12  (5.3) 

1.42  (0.74,2.74) 

0.295 

High  RH 

227 

11(4.9) 

1.25  (0.63,2.46) 

0.528 

Low  plus  High  RH 

453 

23  (5.1) 

1.33  (0.79,2.24) 

0.283 

11-23 

Muscle  Status 

Comparison 

1,210 

35  (2.9) 

Background  RH 

380 

14  (3.7) 

1.23  (0.65,2.31) 

0.530 

Low  RH 

239 

14  (5.9) 

2.11  (1.12,3.99) 

0.021 

High  RH 

240 

10  (4.2) 

1.52  (0.74,3.12) 

0.254 

Low  plus  High  RH 

479 

24  (5.0) 

1.79(1.05,3.06) 

0.033 

11-24 

Patellar  Reflex 

Comparison 

1,209 

33  (2.7) 

Background  RH 

380 

9(2.4) 

0.91  (0.43,1.93) 

0.812 

Low  RH 

238 

7  (2.9) 

1.06  (0.46,2.44) 

0.882 

High  RH 

240 

8  (3.3) 

1.17(0.53,2.58) 

0.693 

Low  plus  High  RH 

478 

15(3.1) 

1.12  (0.60,2.08) 

0.727 

11-25 

Achilles  Reflex 

Comparison 

1,206 

197(16.3) 

Background  RH 

379 

57(15.0) 

0.99  (0.72,1.37) 

0.963 

Low  RH 

239 

46(19.3) 

1.20  (0.84,1.71) 

0.325 

High  RH 

240 

47(19.6) 

1.16(0.81,1.65) 

0.425 

Low  plus  High  RH 

479 

93(19.4) 

1.18(0.89,1.55) 

0.247 

11-26 

Biceps  Reflex 

Comparison 

1,210 

12(1.0) 

Background  RH 

380 

2(0.5) 

0.61  (0.14,2.77) 

0.524 

Low  RH 

239 

7  (2.9) 

2.88(1.12,7.44) 

0.029 

High  RH 

240 

3(1.3) 

1.10(0.30,3.96) 

0.887 

Low  plus  High  RH 

479 

10(2.1) 

1.78(0.73,4.35) 

0.209 

11-27 

Babinski  Reflex 

Comparison 

1,208 

1 1  (0.9) 

Background  RH 

380 

5(1.3) 

1.48  (0.50,4.33) 

0.477 

Low  RH 

239 

1  (0.4) 

0.46  (0.06,3.55) 

0.452 

High  RH 

240 

1  (0.4) 

0.45  (0.06,3.50) 

0.444 

Low  plus  High  RH 

479 

2  (0.4) 

0.45  (0.10,2.05) 

0.303 

11-29 

Polyneuropathy 

Comparison 

1,147 

175(15.3) 

Prevalence  Index 

Background  RH 

361 

47  (13.0) 

0.89  (0.63,1.27) 

0.530 

Low  RH 

226 

38(16.8) 

1.10  (0.75,1.62) 

0.618 

High  RH 

227 

42(18.5) 

1.18(0.81,1.72) 

0.376 

Low  plus  High  RH 

453 

80(17.7) 

1.14  (0.85,1.53) 

0.370 

G-56 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category )  (Continued) 


Table 

Ret 

Clinical 

Parameter 

Dioxin  Category 

■  n  f  : 

Number  (%) 
Abnormal 

Esh  Relative  Risk 

f  f; 

p- Value* 

11-30 

Multiple 

Comparison 

L147 

36  (3.1) 

Polyneuropathy 

Background  RH 

361 

14  (3.9) 

1.29  (0.68,2.43) 

0.432 

Index 

Low  RH 

226 

10(4.4) 

1.42  (0.69,2.90) 

0.340 

High  RH 

227 

15  (6.6) 

2.12(1.14,3.95) 

0.018 

Low  plus  High  RH 

453 

25  (5.5) 

1.73(1.02,2.94) 

0.042 

11-31 

Confirmed 

Comparison 

1,141 

7  (0.6) 

Polyneuropathy 

Background  RH 

358 

2  (0.6) 

1.06  (0.22,5.16) 

0.944 

Indicator 

Low  RH 

224 

3(1.3) 

2.08  (0.53,8.17) 

0.293 

High  RH 

223 

6  (2.7) 

3.89(1.28,11.86) 

0.017 

Low  plus  High  RH 

447 

9  (2.0) 

2.85(1.02,7.97) 

0.047 

11-32 

Tremor 

Comparison 

1,211 

90  (7.4) 

Background  RH 

380 

30  (7.9) 

1.05  (0.68,1.62) 

0.821 

Low  RH 

239 

14(5.9) 

0.78  (0.43,1.39) 

0.396 

High  RH 

240 

16  (6.7) 

0.90  (0.52,1.57) 

0.713 

Low  plus  High  RH 

479 

30  (6.3) 

0.84  (0.55,1.29) 

0.417 

11-33 

Coordination 

Comparison 

1,209 

30  (2.5) 

Background  RH 

380 

12(3.2) 

1.33  (0.67,2.65) 

0.412 

Low  RH 

239 

4(1.7) 

0.66  (0.23,1.90) 

0.443 

High  RH 

240 

3(1.3) 

0.48  (0.15,1.59) 

0.231 

Low  plus  High  RH 

479 

7(1.5) 

0.56  (0.24,1.30) 

0.181 

11-34 

Romberg  Sign 

Comparison 

1,210 

7  (0.6) 

Background  RH 

380 

5(1.3) 

2.52  (0.78,8.10) 

0.121 

Low  RH 

239 

1  (0.4) 

0.70  (0.09,5.74) 

0.741 

High  RH 

240 

1  (0.4) 

0.66  (0.08,5.43) 

0.699 

Low  plus  High  RH 

479 

2(0.4) 

0.68  (0.14,3.31) 

0.633 

11-35 

Gait 

Comparison 

1,211 

55  (4.5) 

Background  RH 

380 

23  (6.1) 

1.50  (0.91,2.49) 

0.115 

Low  RH 

239 

11  (4.6) 

0.98  (0.51,1.91) 

0.963 

High  RH 

240 

15  (6.3) 

1.28  (0.71,2.32) 

0.414 

Low  plus  High  RH 

479 

26  (5.4) 

1.12(0.69,1.83) 

0.640 

11-36 

CNS  Index 

Comparison 

1,210 

146(12.1) 

Background  RH 

380 

52(13.7) 

1.18(0.84,1.66) 

0.339 

Low  RH 

239 

24(10.0) 

0.81  (0.51,1.28) 

0.363 

High  RH 

240 

30(12.5) 

1.02  (0.67,1.56) 

0.923 

Low  plus  High  RH 

479 

54(11.3) 

0.91  (0.65,1.27) 

0.576 

12-3 

Psychoses 

Comparison 

1,211 

47  (3.9) 

Background  RH 

381 

10  (2.6) 

0.71(0.35,1.43) 

0.339 

Low  RH 

239 

12  (5.0) 

1.29  (0.67,2.47) 

0.447 

High  RH 

240 

12  (5.0) 

1.23  (0.64,2.36) 

0.535 

Low  plus  High  RH 

479 

24  (5.0) 

1.26  (0.76,2.09) 

0.373 

G-57 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  (%)  Est.  Relative  Risk 


Ref- 

Parameter 

Dioxin  Category 

v  *  n  f  ,|  i 

Abnormal 

(95%  CX)* 

p-Value* 

12-4 

Alcohol 

Comparison 

1,210 

80  (6.6) 

Dependence 

Background  RH 

381 

24  (6.3) 

0.93  (0.58,1.50) 

0.767 

Low  RH 

239 

18  (7.5) 

1.16(0.68,1.97) 

0.594 

High  RH 

240 

20  (8.3) 

1.31  (0.78,2.18) 

0.307 

Low  plus  High  RH 

479 

38  (7.9) 

1.23  (0.82,1.84) 

0.316 

12-5 

Drug  Dependence 

Comparison 

1,211 

4  (0.3) 

Background  RH 

381 

2(0.5) 

1.32  (0.24,7.34) 

0.749 

Low  RH 

239 

0  (0.0) 

— 

0.8301 

High  RH 

240 

0  (0.0) 

- 

0.8281 

Low  plus  High  RH 

479 

0  (0.0) 

- 

0.4811 

12-6 

Anxiety 

Comparison 

1,208 

328  (27.2) 

Background  RH 

379 

86  (22.7) 

0.78  (0.60,1.03) 

0.083 

Low  RH 

238 

70  (29.4) 

1.12(0.82,1.52) 

0.473 

High  RH 

239 

73  (30.5) 

1.18  (0.87,1.60) 

0.279 

Low  plus  High  RH 

477 

143  (30.0) 

1.15(0.91,1.45) 

0.240 

12-7 

Other  Neuroses 

Comparison 

1,202 

637  (53.0) 

Background  RH 

374 

170  (45.5) 

0.75  (0.60,0.95) 

0.018 

Low  RH 

237 

143  (60.3) 

1.34(1.01,1.79) 

0.041 

High  RH 

237 

149  (62.9) 

1.48  (1.11,1.97) 

0.008 

Low  plus  High  RH 

474 

292  (61.6) 

1.41  (1.13,1.75) 

0.002 

12-8 

SCL-90-R  Anxiety 

Comparison 

1,211 

133(11.0) 

Background  RH 

381 

27  (7.1) 

0.65  (0.42,1.00) 

0.051 

Low  RH 

239 

26  (10.9) 

0.98  (0.63,1.53) 

0.919 

High  RH 

239 

29(12.1) 

1.07(0.70,1.65) 

0.756 

Low  plus  High  RH 

478 

55(11.5) 

1.02  (0.73,1.43) 

0.895 

12-9 

SCL-90-R 

Comparison 

1,211 

194(16.0) 

Depression 

Background  RH 

381 

43(11.3) 

0.70  (0.49,1.00) 

0.052 

Low  RH 

239 

30(12.6) 

0.74  (0.49,1.12) 

0.156 

High  RH 

239 

41  (17.2) 

1.03  (0.71,1.50) 

0.862 

Low  plus  High  RH 

478 

71  (14.9) 

0.88  (0.65,1.18) 

0.383 

12-10 

SCL-90-R  Hostility 

Comparison 

1,211 

107  (8.8) 

Background  RH 

381 

22  (5.8) 

0.66  (0.41,1.07) 

0.090 

Low  RH 

239 

16  (6.7) 

0.73  (0.42,1.26) 

0.261 

High  RH 

239 

23  (9.6) 

1.05  (0.65,1.70) 

0.828 

Low  plus  High  RH 

478 

39  (8.2) 

0.88  (0.60,1.30) 

0.512 

12-11 

SCL-90-R 

Comparison 

1,211 

198(16.4) 

Interpersonal 

Background  RH 

381 

37  (9.7) 

0.57  (0.39,0.83 ) 

0.003 

Sensitivity 

Low  RH 

239 

36(15.1) 

0.90  (0.61,1.32) 

0.586 

High  RH 

239 

43  (18.0) 

1.08  (0.75,1.56) 

0.672 

Low  plus  High  RH 

478 

79(16.5) 

0.99  (0.74,1.31) 

0.923 

G-58 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table 

IlSHIlf 

Clinical 

Parameter 

Dioxin  Category 

Number  (%) 
Abnormal 

Est  Relative  Risk 
(95%  CX)‘ 

p-VaIuea 

12-12 

SCL-90-R 

Comparison 

1,211 

198  (16.4) 

Obsessive- 

Background  RH 

381 

43(11.3) 

0.68  (0.48,0.97) 

0.032 

Compulsive 

Low  RH 

239 

38  (15.9) 

0.96  (0.65,1.40) 

0.821 

Behavior 

High  RH 

239 

39  (16.3) 

0.96  (0.66,1.40) 

0.831 

Low  plus  High  RH 

478 

77  (16.1) 

0.96  (0.72,1.28) 

0.773 

12-13 

SCL-90-R  Paranoid 

Comparison 

1,211 

85  (7.0) 

Ideation 

Background  RH 

381 

17  (4.5) 

0.65  (0.38,1.10) 

0.110 

Low  RH 

239 

13  (5.4) 

0.75  (0.41,1.38) 

0.357 

High  RH 

239 

26  (10.9) 

1.56  (0.98,2.48) 

0.062 

Low  plus  High  RH 

478 

39  (8.2) 

1.08  (0.72,1.64) 

0.703 

12-14 

SCL-90-R  Phobic 

Comparison 

1,211 

126(10.4) 

Anxiety 

Background  RH 

381 

22  (5.8) 

0.53  (0.33,0.85) 

0.009 

Low  RH 

239 

25  (10.5) 

1.00  (0.64,1.58) 

0.986 

High  RH 

239 

37  (15.5) 

1.57(1.05,2.33) 

0.027 

Low  plus  High  RH 

478 

62(13.0) 

1.25  (0.90,1.74) 

0.177 

12-15 

SCL-90-R 

Comparison 

1,211 

176(14.5) 

Psychoticism 

Background  RH 

381 

33  (8.7) 

0.58  (0.39,0.86) 

0.006 

Low  RH 

239 

28(11.7) 

0.77  (0.51,1.18) 

0.237 

High  RH 

239 

43  (18.0) 

1.25  (0.86,1.81) 

0.235 

Low  plus  High  RH 

478 

71  (14.9) 

0.98  (0.73,1.33) 

0.914 

12-16 

SCL-90-R 

Comparison 

1,211 

194(16.0) 

Somatization 

Background  RH 

381 

44(11.6) 

0.71  (0.50,1.01) 

0.056 

Low  RH 

239 

48  (20.1) 

1.31  (0.92,1.86) 

0.136 

High  RH 

239 

50  (20.9) 

1.34  (0.95,1.91) 

0.098 

Low  plus  High  RH 

478 

98  (20.5) 

1.33(1.01,1.74) 

0.042 

12-17 

SCL-90-R  Global 

Comparison 

1,211 

185  (15.3) 

Severity  Index  (GSI) 

Background  RH 

381 

35  (9.2) 

0.59  (0.40,0.87) 

0.007 

Low  RH 

239 

35(14.6) 

0.94  (0.63,1.39) 

0.754 

High  RH 

239 

47  (19.7) 

1.30  (0.91,1.86) 

0.153 

Low  plus  High  RH 

478 

82(17.2) 

1.10(0.83,1.47) 

0.500 

12-18 

SCL-90-R  Positive 

Comparison 

1,211 

204(16.9) 

Symptom  Total 

Background  RH 

381 

36  (9.5) 

0.54  (0.37,0.78) 

0.001 

(PST) 

Low  RH 

239 

40(16.7) 

0.98  (0.68,1.42) 

0.921 

High  RH 

239 

45  (18.8) 

1.10(0.77,1.58) 

0.604 

Low  plus  High  RH 

478 

85  (17.8) 

1.04  (0.79,1.37) 

0.790 

12-19 

SCL-90-R  Positive 

Comparison 

1,211 

78  (6.4) 

Symptom  Distress 

Background  RH 

381 

22  (5.8) 

0.90  (0.55,1.47) 

0.671 

Index  (PSDI) 

Low  RH 

239 

19  (  8.0) 

1.25  (0.74,2.11) 

0.399 

High  RH 

239 

28(11.7) 

1.91  (1.21,3.02) 

0.006 

Low  plus  High  RH 

478 

47  (9.8) 

1.55  (1.05,2.27) 

0.026 

G-59 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  {%)  Est  Relative  Risk 


Hat.  | 

|1  jj§§  Parameter-  I 

Dioxin  Category 

IBltlllplil 

Abnormal 

<95%  CX)*  '  f  M  | 

p- Value* 

13-3 

Uncharacterized 

Comparison 

1,206 

21  (1.7) 

Hepatitis 

Background  RH 

378 

8(2.1) 

1.27  (0.56,2.92) 

0.568 

Low  RH 

237 

4(1.7) 

0.96  (0.33,2.82) 

0.938 

High  RH 

241 

5(2.1) 

1.15(0.43,3.10) 

0.779 

Low  plus  High  RH 

478 

9(1.9) 

1.05  (0.48,2.32) 

0.902 

13-4 

Jaundice 

Comparison 

1,182 

34  (2.9) 

Background  RH 

370 

11  (3.0) 

1.05  (0.52,2.11) 

0.890 

Low  RH 

232 

0  (0.0) 

- 

0.0171 

High  RH 

237 

1  (0.4) 

0.14  (0.02,1.04) 

0.055 

Low  plus  High  RH 

469 

1  (0.2) 

-- 

0.0011 

13-5 

Chronic  Liver 

Comparison 

1,147 

54  (4.7) 

Disease  and 

Background  RH 

361 

16  (4.4) 

0.97  (0.55,1.73) 

0.924 

Cirrhosis  (Alcohol- 

Low  RH 

226 

1 1  (4.9) 

1.02  (0.53,1.99) 

0.946 

related) 

High  RH 

221 

12  (5.4) 

1.12(0.59,2.14) 

0.725 

Low  plus  High  RH 

447 

23  (5.1) 

1.07  (0.65,1.77) 

0.788 

13-6 

Chronic  Liver 

Comparison 

1,212 

14(1.2) 

Disease  and 

Background  RH 

381 

6(1.6) 

1.64  (0.62,4.34) 

0.321 

Cirrhosis  (Non¬ 

Low  RH 

239 

3(1-3) 

1.01  (0.29,3.58) 

0.986 

alcohol-related) 

High  RH 

243 

5(2.1) 

1.52  (0.53,4.32) 

0.433 

Low  plus  High  RH 

482 

8(1.7) 

1.24  (0.50,3.06) 

0.639 

13-7 

Liver  Abscess  and 

Comparison 

1,213 

1  (0.1) 

Sequelae  of  Chronic  Background  RH 

381 

0  (0.0) 

- 

0.9991 

Liver  Disease 

Low  RH 

239 

0  (0.0) 

- 

0.9991 

High  RH 

243 

1  (0.4) 

5.44  (0.33,89.44) 

0.236 

Low  plus  High  RH 

482 

1  (0.2) 

- 

0.9991 

13-8 

Enlarged  Liver 

Comparison 

1,211 

26  (2.1) 

(Hepatomegaly) 

Background  RH 

381 

6(1.6) 

0.75  (0.31,1.86) 

0.540 

Low  RH 

239 

2  (0.8) 

0.38(0.09,1.62) 

0.191 

High  RH 

242 

6(2.5) 

1.12(0.46,2.78) 

0.798 

Low  plus  High  RH 

481 

8  (1.7) 

0.66  (0.27,1.61) 

0.357 

13-9 

Other  Liver 

Comparison 

1,202 

299  (24.9) 

Disorders 

Background  RH 

378 

99  (26.2) 

1.15(0.88,1.50) 

0.318 

Low  RH 

238 

64  (26.9) 

1.09  (0.80,1.50) 

0.578 

High  RH 

243 

83  (34.2) 

1.49(1.10,2.00) 

0.009 

Low  plus  High  RH 

481 

147  (30.6) 

1.28(1.01,1.62) 

0.042 

13-10 

Current 

Comparison 

1,194 

7  (0.6) 

Hepatomegaly 

Background  RH 

376 

3  (0.8) 

1.53  (0.39,5.99) 

0.543 

Low  RH 

236 

3  (1.3) 

2.10  (0.54,8.23) 

0.284 

High  RH 

241 

4  (1.7) 

2.58  (0.74,8.97) 

0.136 

Low  plus  High  RH 

477 

7  (1-5) 

2.33  (0.80,6.76) 

0.119 

G-60 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table 
R  ef.  g 

(|#1|  'Clliiical  ;|!|^ 
Parameter 

Dioxin  Category 

•  •  It 

:  Number  (%) 
Abnormal 

Esi  Relative  Risk 
<95%  CX)* 

p-Vahie* 

13-12 

AST 

Comparison 

1,194 

79  (6.6) 

Background  RH 

376 

17  (4.5) 

0.72(0.42,1.24) 

0.241 

Low  RH 

236 

19  (8.1) 

1.21  (0.72,2.04) 

0.476 

High  RH 

240 

26(10.8) 

1.60(1.00,2.56) 

0.051 

Low  plus  High  RH 

476 

45  (9.5) 

1.39  (0.95,2.05) 

0.094 

13-14 

ALT 

Comparison 

1,194 

85  (7.1) 

Background  RH 

376 

17  (4.5) 

0.67  (0.39,1.15) 

0.145 

Low  RH 

236 

20  (8.5) 

1.18(0.71,1.97) 

0.522 

High  RH 

240 

30(12.5) 

1.74(1.11,2.71) 

0.015 

Low  plus  High  RH 

476 

50(10.5) 

1.43  (0.99,2.08) 

0.058 

13-16 

GGT 

Comparison 

1,194 

117  (9.8) 

Background  RH 

376 

25  (6.6) 

0.70  (0.45,1.10) 

0.122 

Low  RH 

236 

29  (12.3) 

1.27  (0.82,1.96) 

0.283 

High  RH 

240 

33  (13.8) 

1.38  (0.91,2.10) 

0.127 

Low  plus  High  RH 

476 

62(13.0) 

1.33  (0.95,1.84) 

0.094 

13-18 

Alkaline 

Comparison 

1,194 

21  (1.8) 

Phosphatase 

Background  RH 

376 

12(3.2) 

1.76  (0.85,3.63) 

0.127 

Low  RH 

236 

4(1.7) 

0.97  (0.33,2.86) 

0.960 

High  RH 

240 

5(2.1) 

1.24  (0.46,3.33) 

0.670 

Low  plus  High  RH 

476 

9(1.9) 

1.10(0.50,2.43) 

0.815 

13-20 

Total  Bilirubin 

Comparison 

1,194 

74  (6.2) 

Background  RH 

376 

21  (5.6) 

0.91  (0.55,1.51) 

0.724 

Low  RH 

236 

15  (6.4) 

1.02  (0.58,1.81) 

0.940 

High  RH 

240 

9  (3.8) 

0.58(0.29,1.18) 

0.131 

Low  plus  High  RH 

476 

24  (5.0) 

0.77  (0.47,1.25) 

0.286 

13-21 

Direct  Bilirubin 

Comparison 

1,194 

5  (0.4) 

Background  RH 

376 

1  (0.3) 

0.88  (0.10,7.75) 

0.906 

Low  RH 

236 

0  (0.0) 

- 

0.695b 

High  RH 

240 

0  (0.0) 

- 

0.686b 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.359b 

13-23 

Lactic 

Comparison 

1,192 

123(10.3) 

Dehydrogenase 

Background  RH 

376 

36  (9.6) 

1.05  (0.71,1.57) 

0.794 

Low  RH 

236 

21  (8.9) 

0.81  (0.50,1.33) 

0.406 

High  RH 

240 

22  (9.2) 

0.77  (0.47,1.25) 

0.291 

Low  plus  High  RH 

476 

43  (9.0) 

0.79  (0.55,1.15) 

0.214 

13-25 

Cholesterol 

Comparison 

1,194 

177  (14.8) 

Background  RH 

376 

48  (12.8) 

0.80  (0.56,1.12) 

0.195 

Low  RH 

236 

34  (14.4) 

0.98  (0.66,1.46) 

0.915 

High  RH 

240 

48  (20.0) 

1.51  (1.06,2.16) 

0.023 

Low  plus  High  RH 

476 

82(17.2) 

1.22  (0.91,1.63) 

0.183 

G-6 1 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  (%)  Est.  Relative  Risk 


!fi| 

Parameter 

Dioxin  Category 

n  , 

Abnormal 

(9S%  C£)"  j|f- 

13-27 

HDL  Cholesterol 

Comparison 

1,193 

88  (7.4) 

Background  RH 

376 

33  (8.8) 

1.35  (0.88,2.05) 

0.170 

Low  RH 

235 

19(8.1) 

1.07(0.64,1.80) 

0.798 

High  RH 

240 

19(7.9) 

0.98  (0.58,1.65) 

0.937 

Low  plus  High  RH 

475 

38  (8.0) 

1.02  (0.69,1.53) 

0.910 

13-29 

Choiesterol-HDL 

Comparison 

1,193 

492(41.2) 

Ratio 

Background  RH 

376 

136  (36.2) 

0.88  (0.69,1.13) 

0.321 

Low  RH 

235 

86  (36.6) 

0.80  (0.60,1.07) 

0.135 

High  RH 

240 

130  (54.2) 

1.57  (1.18,2.08) 

0.002 

Low  plus  High  RH 

475 

216(45.5) 

1.12(0.90,1.40) 

0.295 

13-31 

Triglycerides 

Comparison 

1,194 

240  (20.1) 

Background  RH 

375 

53  (14.1) 

0.72  (0.52,1.00) 

0.051 

Low  RH 

236 

54  (22.9) 

1.15(0.82,1.62) 

0.411 

High  RH 

240 

77  (32.1) 

1.74(1.27,2.37) 

<0.001 

Low  plus  High  RH 

476 

131  (27.5) 

1.42(1.10,1.82) 

0.006 

13-33 

Creatine 

Comparison 

1,194 

111  (9.3) 

Phosphokinase 

Background  RH 

376 

26  (6.9) 

0.81  (0.51,1.26) 

0.345 

Low  RH 

236 

20  (8.5) 

0.87  (0.53,1.44) 

0.599 

High  RH 

240 

25  (10.4) 

1.03  (0.65,1.64) 

0.905 

Low  plus  High  RH 

476 

45  (9.5) 

0.95  (0.66,1.37) 

0.781 

13-35 

Serum  Amylase 

Comparison 

1,194 

38  (3.2) 

Background  RH 

376 

8(2.1) 

0.61  (0.28,1.32) 

0.210 

Low  RH 

236 

11(4.7) 

1.51  (0.76,3.01) 

0.236 

High  RH 

240 

6(2.5) 

0.84  (0.35,2.02) 

0.697 

Low  plus  High  RH 

476 

17  (3.6) 

1.13(0.62,2.06) 

0.701 

13-36 

Antibodies  for 

Comparison 

1,212 

405  (33.4) 

Hepatitis  A 

Background  RH 

381 

112(29.4) 

0.84  (0.65,1.08) 

0.175 

Low  RH 

239 

84  (35.1) 

1.08  (0.80,1.44) 

0.619 

High  RH 

243 

84  (34.6) 

1.04  (0.78,1.39) 

0.784 

Low  plus  High  RH 

482 

168  (34.9) 

1.06  (0.85,1.32) 

0.615 

13-37 

Evidence  of  Prior 

Comparison 

1,211 

166(13.7) 

Hepatitis  B 

Background  RH 

381 

23  (6.0) 

0.42  (0.27,0.66) 

<0.001 

Low  RH 

238 

26(10.9) 

0.76  (0.49,1.18) 

0.229 

High  RH 

243 

27(11.1) 

0.76  (0.49,1.17) 

0.214 

Low  plus  High  RH 

481 

53(11.0) 

0.76  (0.55,1.06) 

0.105 

13-38 

Current  Hepatitis  B 

Comparison 

1,213 

2  (0.2) 

Background  RH 

381 

0  (0.0) 

- 

0.9991 

Low  RH 

239 

1  (0.4) 

2.52  (0.23,27.92) 

0.453 

High  RH 

243 

0  (0.0) 

- 

0.9991 

Low  plus  High  RH 

482 

1  (0.2) 

-- 

0.9991 

G-62 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

US j  Dioxin  Category 

n 

Number  {%) 
Abnormal 

Est  Relathe  Risk 
(95%  C.h? 

p-Value' 

13-39 

Antibodies  for 

Comparison 

1,213 

17(1.4) 

Hepatitis  C 

Background  RH 

381 

5(1.3) 

0.89  (0.32,2.44) 

0.819 

Low  RH 

239 

2  (0.8) 

0.60  (0.14,2.62) 

0.497 

High  RH 

243 

2  (0.8) 

0.61  (0.14,2.67) 

0.512 

Low  plus  High  RH 

482 

4  (0.8) 

0.61  (0.20,1.81) 

0.369 

13-40 

Stool  Hemoccult 

Comparison 

1,162 

50  (4.3) 

Background  RH 

365 

10  (2.7) 

0.68  (0.34,1.35) 

0.270 

Low  RH 

232 

11(4.7) 

1.08  (0.55,2.12) 

0.814 

High  RH 

232 

8  (3.4) 

0.74  (0.35,1.59) 

0.443 

Low  plus  High  RH 

464 

19(4.1) 

0.90  (0.52,1.55) 

0.696 

13-42 

Prealbumin 

Comparison 

1,194 

10  (0.8) 

Background  RH 

376 

6(1.6) 

1.94  (0.69,5.41) 

0.207 

Low  RH 

236 

1  (0.4) 

0.50  (0.06,3.95) 

0.513 

High  RH 

240 

5(2.1) 

2.50  (0.84,7.42) 

0.099 

Low  plus  High  RH 

476 

6(1.3) 

1.13  (0.33,3.90) 

0.849 

13-44 

Albumin 

Comparison 

1,194 

10(0.8) 

Background  RH 

376 

2(0.5) 

0.68  (0.15,3.14) 

0.618 

Low  RH 

236 

0(0.0) 

- 

0.325* 

High  RH 

240 

0  (0.0) 

- 

0.318* 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.099* 

13-46 

a- 1 -Acid 

Comparison 

1,194 

39  (3.3) 

Glycoprotein 

Background  RH 

376 

13(3.5) 

1.00  (0.52,1.90) 

0.992 

Low  RH 

236 

11(4.7) 

1.47  (0.74,2.91) 

0.272 

High  RH 

240 

12(5.0) 

1.65  (0.85,3.21) 

0.141 

Low  plus  High  RH 

476 

23  (4.8) 

1.56  (0.92,2.64) 

0.101 

13-50 

cc-2-Macroglobulin 

Comparison 

1,194 

45  (3.8) 

Background  RH 

376 

6(1.6) 

0.46  (0.19,1.10) 

0.080 

Low  RH 

236 

7  (3.0) 

0.75  (0.33,1.69) 

0.492 

High  RH 

240 

10  (4.2) 

1.00  (0.49,2.03) 

0.999 

Low  plus  High  RH 

476 

17  (3.6) 

0.87  (0.49,1.55) 

0.632 

13-52 

Apolipoprotein  B 

Comparison 

1,194 

636  (53.3) 

Background  RH 

376 

174  (46.3) 

0.75  (0.60,0.95) 

0.017 

Low  RH 

236 

113(47.9) 

0.81  (0.61,1.07) 

0.132 

High  RH 

240 

132  (55.0) 

1.08  (0.81,1.42) 

0.606 

Low  plus  High  RH 

476 

245  (51.5) 

0.93  (0.75,1.16) 

0.524 

13-54 

C3  Complement 

Comparison 

1,194 

26  (2.2) 

Background  RH 

376 

12  (3.2) 

1.28  (0.63,2.57) 

0.495 

Low  RH 

236 

1  (0.4) 

0.20  (0.03,1.46) 

0.111 

High  RH 

240 

2  (0.8) 

0.44  (0.10,1.86) 

0.261 

Low  plus  High  RH 

476 

3  (0.6) 

0.29  (0.08,1.04) 

0.057 

G-63 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

Number  (%) 
Abnormal 

:  Est  Relative  Risk 
(95%  CX)a 

p-Value" 

13-56 

C4  Complement 

Comparison 

1,194 

2  (0.2) 

Background  RH 

376 

2(0.5) 

3.46  (0.47,25.38) 

0.222 

Low  RH 

236 

0  (0.0) 

- 

0.999b 

High  RH 

240 

0  (0.0) 

- 

0.999b 

Low  plus  High  RH 

476 

0  (0.0) 

- 

0.913b 

13-58 

Haptoglobin 

Comparison 

1,194 

337  (28.2) 

Background  RH 

376 

115(30.6) 

1.13(0.88,1.46) 

0.338 

Low  RH 

236 

78  (33.1) 

1.25  (0.93,1.69) 

0.140 

High  RH 

240 

86  (35.8) 

1.41  (1.05,1.89) 

0.023 

Low  plus  High  RH 

476 

164  (34.5) 

1.33(1.06,1.67) 

0.015 

13-60 

Transferrin 

Comparison 

1,194 

133(11.1) 

Background  RH 

376 

31  (8.2) 

0.72  (0.48,1.09) 

0.121 

Low  RH 

236 

23  (9.7) 

0.86  (0.54,1.37) 

0.526 

High  RH 

240 

16  (6.7) 

0.57  (0.33,0.97) 

0.039 

Low  plus  High  RH 

476 

39  (8.2) 

0.70  (0.48,1.02) 

0.062 

14-3 

Essential 

Comparison 

1,183 

490  (41.4) 

Hypertension 

Background  RH 

372 

127  (34.1) 

0.86  (0.67,1.11) 

0.246 

Low  RH 

229 

94  (41.0) 

0.95  (0.71,1.29) 

0.758 

High  RH 

242 

120  (49.6) 

1.22  (0.91,1.63) 

0.177 

Low  plus  High  RH 

471 

214(45.4) 

1.08  (0.87,1.35) 

0.488 

14-4 

Heart  Disease 

Comparison 

1,195 

730  (61.1) 

(Excluding  Essential  Background  RH 

376 

259  (68.9) 

1.43  (1.11,1.83) 

0.005 

Hypertension) 

Low  RH 

233 

163  (70.0) 

1.48(1.09,2.00) 

0.011 

High  RH 

243 

139  (57.2) 

0.84  (0.64,1.11) 

0.228 

Low  plus  High  RH 

476 

302  (63.4) 

1.11  (0.89,1.39) 

0.359 

14-5 

Myocardial 

Comparison 

1,195 

98  (8.2) 

Infarction 

Background  RH 

376 

29  (7.7) 

0.98  (0.63,1.51) 

0.919 

Low  RH 

233 

19  (8.2) 

0.99  (0.59,1.65) 

0.958 

High  RH 

243 

24  (9.9) 

1.18  (0.73,1.89) 

0.496 

Low  plus  High  RH 

476 

43  (9.0) 

1.08  (0.74,1.58) 

0.689 

14-6 

Stroke  or  Transient 

Comparison 

1,195 

14(1.2) 

Ischemia  Attack 

Background  RH 

376 

5  (1.3) 

1.13(0.40,3.18) 

0.816 

Low  RH 

233 

1  (0.4) 

0.36  (0.05,2.78) 

0.330 

High  RH 

243 

5(2.1) 

1.78  (0.63,5.02) 

0.275 

Low  plus  High  RH 

476 

6(1.3) 

0.82  (0.25,2.68) 

0.741 

14-8 

Systolic  Blood 

Comparison 

1,195 

253  (21.2) 

Pressure 

Background  RH 

376 

74(19.7) 

1.00  (0.75,1.34) 

0.998 

Low  RH 

233 

59  (25.3) 

1.25  (0.90,1.73) 

0.188 

High  RH 

243 

46(18.9) 

0.80  (0.56,1.14) 

0.208 

Low  plus  High  RH 

476 

105  (22.1) 

0.99  (0.76,1.29) 

0.952 

G-64 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
( Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Clinical  Number  (%)  Est  Relative  Risk 


Ref.;  j 

Parameter 

j||l§  IP&sin  Category  ;  §| 

n 

Abnormal 

(95%  C.I.)a 

•i 'p-Vaiii^ 

14-10 

Diastolic  Blood 

Comparison 

1,195 

59  (4.9) 

Pressure 

Background  RH 

376 

15  (4.0) 

0.85  (0.47,1.52) 

0.576 

Low  RH 

233 

12  (5.2) 

1.04  (0.55,1.96) 

0.915 

High  RH 

243 

17  (7.0) 

1.37  (0.78,2.41) 

0.267 

Low  plus  High  RH 

476 

29  (6.1) 

1.20  (0.75,1.90) 

0.447 

14-11 

Heart  Sounds 

Comparison 

1,195 

60  (5.0) 

Background  RH 

376 

9  (2.4) 

0.48  (0.24,0.99) 

0.047 

Low  RH 

233 

10  (4.3) 

0.84  (0.42,1.67) 

0.622 

High  RH 

243 

12  (4.9) 

0.94  (0.50,1.79) 

0.857 

Low  plus  High  RH 

476 

22  (4.6) 

0.89  (0.54,1.48) 

0.656 

14-12 

Overall 

Comparison 

1,195 

373  (31.2) 

Electrocardiograph 

Background  RH 

376 

118(31.4) 

1.06  (0.82,1.36) 

0.659 

Low  RH 

233 

72  (30.9) 

0.98  (0.72,1.33) 

0.883 

High  RH 

243 

74  (30.5) 

0.92  (0.68,1.25) 

0.602 

Low  plus  High  RH 

476 

146  (30.7) 

0.95  (0.75,1.20) 

0.659 

14-13 

Right  Bundle 

Comparison 

1,195 

31  (2.6) 

Branch  Block 

Background  RH 

376 

9(2.4) 

0.93  (0.44,1.98) 

0.852 

Low  RH 

233 

5(2.1) 

0.82  (0.32,2.14) 

0.688 

High  RH 

243 

7  (2.9) 

1.10(0.48,2.54) 

0.818 

Low  plus  High  RH 

476 

12(2.5) 

0.96  (0.48,1.89) 

0.895 

14-14 

Left  Bundle  Branch 

Comparison 

1,195 

12(1.0) 

Block 

Background  RH 

376 

4(1.1) 

1.17  (0.37,3.68) 

0.792 

Low  RH 

233 

1  (0.4) 

0.42  (0.05,3.23) 

0.403 

High  RH 

243 

0  (0.0) 

- 

0.2371 

Low  plus  High  RH 

476 

1  (0.2) 

- 

0.1741 

14-15 

Non-Specific  ST- 

Comparison 

1,195 

218  (18.2) 

and  T-Wave 

Background  RH 

376 

59(15.7) 

0.91  (0.66,1.25) 

0.545 

Changes 

Low  RH 

233 

47  (20.2) 

1.12(0.78,1.59) 

0.537 

High  RH 

243 

50  (20.6) 

1.08  (0.76,1.52) 

0.677 

Low  plus  High  RH 

476 

97  (20.4) 

1.10  (0.84,1.44) 

0.502 

14-16 

Bradycardia 

Comparison 

1,195 

47  (3.9) 

Background  RH 

376 

16(4.3) 

0.95  (0.53,1.71) 

0.867 

Low  RH 

233 

5(2.1) 

0.55  (0.21,1.39) 

0.204 

High  RH 

243 

2  (0.8) 

0.23  (0.05,0.95) 

0.042 

Low  plus  High  RH 

476 

7(1.5) 

0.35  (0.14,0.85) 

0.020 

14-17 

Tachycardia 

Comparison 

1,195 

3  (0.3) 

Background  RH 

376 

1  (0.3) 

1.33  (0.14,13.00) 

0.806 

Low  RH 

233 

0  (0.0) 

- 

0.9991 

High  RH 

243 

4(1.6) 

5.30(1.15,24.53) 

0.033 

Low  plus  High  RH 

476 

4  (0.8) 

-- 

0.2061 

G-65 


Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

mm 

Clinical 

Parameter 

Dioxin  Category 

nll'i:  1 1 

Number  (%)  j 
Abnormal  ■ 

Est«  Relative  Risk 
(95%  Cl.)* 

p- Value* 

14-18 

Arrhythmia 

Comparison 

1,195 

65  (5  .4) 

Background  RH 

376 

18(4.8) 

0.90  (0.53,1.54) 

0.703 

Low  RH 

233 

19(8.2) 

1.54  (0.90,2.61) 

0.114 

High  RH 

243 

13(5.3) 

0.96  (0.52,1.77) 

0.886 

Low  plus  High  RH 

476 

32  (6.7) 

1.21  (0.77,1.88) 

0.409 

14-19 

Evidence  of  Prior 

Comparison 

1,195 

53  (4.4) 

Myocardial 

Background  RH 

376 

12(3.2) 

0.75  (0.39,1.42) 

0.374 

Infarction 

Low  RH 

233 

11  (4.7) 

1.06  (0.54,2.06) 

0.867 

High  RH 

243 

10(4.1) 

0.88  (0.44,1.76) 

0.722 

Low  plus  High  RH 

476 

21  (4.4) 

0.96  (0.57,1.62) 

0.891 

14-20 

ECG:  Other 

Comparison 

1,195 

1  (0.1) 

Diagnoses 

Background  RH 

376 

1  (0.3) 

2.59  (0.16,41.85) 

0.503 

Low  RH 

233 

0  (0.0) 

- 

0.999b 

High  RH 

243 

2  (0.8) 

12.49(1.10,142.56) 

0.042 

Low  plus  High  RH 

476 

2  (0.4) 

-- 

0.409b 

14-21 

Funduscopic 

Comparison 

1,194 

149(12.5) 

Examination 

Background  RH 

375 

43(11.5) 

0.99  (0.69,1.43) 

0.963 

Low  RH 

233 

30(12.9) 

1.02  (0.67,1.56) 

0.921 

High  RH 

243 

32(13.2) 

0.98  (0.65,1.49) 

0.933 

Low  plus  High  RH 

476 

62(13.0) 

1.00  (0.73,1.38) 

0.993 

14-22 

Carotid  Bruits 

Comparison 

1,195 

31  (2.6) 

Background  RH 

376 

9(2.4) 

0.93  (0.44,1.98) 

0.853 

Low  RH 

233 

5(2.1) 

0.82  (0.32,2.14) 

0.687 

High  RH 

243 

8  (3.3) 

1.27  (0.57,2.80) 

0.561 

Low  plus  High  RH 

476 

13(2.7) 

1.02  (0.53,2.00) 

0.943 

14-23 

Radial  Pulses 

Comparison 

1,195 

4  (0.3) 

Background  RH 

376 

4(1.1) 

2.78  (0.69,11.27) 

0.153 

Low  RH 

233 

2  (0.9) 

2.64(0.48,14.54) 

0.264 

High  RH 

243 

1  (0.4) 

1.41  (0.16,12.80) 

0.759 

Low  plus  High  RH 

476 

3  (0.6) 

1.92  (0.40,9.18) 

0.414 

14-24 

Femoral  Pulses 

Comparison 

1,194 

15(1.3) 

Background  RH 

376 

7(1.9) 

1.39  (0.56,3.45) 

0.481 

Low  RH 

233 

6  (2.6) 

2.10(0.81,5.48) 

0.128 

High  RH 

243 

6(2.5) 

2.13(0.81,5.56) 

0.125 

Low  plus  High  RH 

476 

12(2.5) 

2.11  (0.98,4.56) 

0.056 

14-25 

Popliteal  Pulses 

Comparison 

1,193 

28  (2.3) 

Background  RH 

376 

9  (2.4) 

0.94  (0.44,2.03) 

0.879 

Low  RH 

233 

7  (3.0) 

1.31  (0.56,3.03) 

0.535 

High  RH 

243 

7  (2.9) 

1.33  (0.57,3.08) 

0.512 

Low  plus  High  RH 

476 

14  (2.9) 

1.32  (0.69,2.53) 

0.410 
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Table  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


.itMil 

Ref, 

Clinical 

Parameter 

Dioxin  Category 

Number  (%) 
Abnormal 

Est.  Relative  Risk 
(9S%  €.!.)* 

p-Value1 

14-26 

Dorsalis  Pedis 

Comparison 

1,193 

95  (8.0) 

Pulses 

Background  RH 

376 

29  (7.7) 

0.91  (0.59,1.40) 

0.664 

Low  RH 

233 

22  (9.4) 

1.22  (0.75,1.98) 

0.429 

High  RH 

243 

18(7.4) 

0.98  (0.58,1.65) 

0.931 

Low  plus  High  RH 

476 

40  (8.4) 

1.09  (0.74,1.61) 

0.670 

14-27 

Posterior  Tibial 

Comparison 

1,191 

63  (5.3) 

Pulses 

Background  RH 

376 

22  (5.9) 

1.04  (0.63,1.73) 

0.865 

Low  RH 

233 

18(7.7) 

1.52  (0.88,2.61) 

0.135 

High  RH 

243 

16(6.6) 

1.34  (0.76,2.36) 

0.320 

Low  plus  High  RH 

476 

34  (7.1) 

1.42  (0.92,2.19) 

0.113 

14-28 

Leg  Pulses 

Comparison 

1,191 

122  (10.2) 

Background  RH 

376 

39  (10.4) 

0.95  (0.65,1.40) 

0.812 

Low  RH 

233 

29  (12.4) 

1.26  (0.82,1.94) 

0.298 

High  RH 

243 

24  (9.9) 

1.01  (0.64,1.61) 

0.957 

Low  plus  High  RH 

476 

53(11.1) 

1.13  (0.80,1.59) 

0.498 

14-29 

Peripheral  Pulses 

Comparison 

1,191 

125  (10.5) 

Background  RH 

376 

40(10.6) 

0.95  (0.65,1.39) 

0.797 

Low  RH 

233 

30(12.9) 

1.27  (0.83,1.95) 

0.266 

High  RH 

243 

25  (10.3) 

1.04  (0.66,1.63) 

0.880 

Low  plus  High  RH 

476 

55(11.6) 

1.15(0.82,1.61) 

0.431 

14-30 

ICVI  Index 

Comparison 

1,195 

43  (3.6) 

Background  RH 

375 

9  (2.4) 

0.65  (0.31,1.35) 

0.249 

Low  RH 

233 

9  (3.9) 

1.08  (0.52,2.24) 

0.839 

High  RH 

243 

14  (5.8) 

1.66  (0.89,3.09) 

0.112 

Low  plus  High  RH 

476 

23  (4.8) 

1.34  (0.79,2.27) 

0.272 

15-14 

Prothrombin  Time 

Comparison 

987 

13(1.3) 

Background  RH 

309 

6(1.9) 

1.64  (0.61,4.37) 

0.327 

Low  RH 

182 

3(1.7) 

1.17(0.33,4.19) 

0.807 

High  RH 

193 

1  (0.5) 

0.34  (0.04,2.62) 

0.297 

Low  plus  High  RH 

375 

4(1.1) 

0.62  (0.17,2.23) 

0.461 

15-15 

RBC  Morphology 

Comparison 

1,211 

73  (6.0) 

Background  RH 

381 

24  (6.3) 

1.12(0.69,1.81) 

0.639 

Low  RH 

239 

23  (9.6) 

1.63(1.00,2.67) 

0.051 

High  RH 

239 

16(6.7) 

1.05  (0.60,1.85) 

0.862 

Low  plus  High  RH 

478 

39  (8.2) 

1.31  (0.87,1.98) 

0.196 

15-18 

Absolute 

Comparison 

1,211 

209  (17.3) 

Neutrophils  (bands) 

Background  RH 

381 

65(17.1) 

0.98  (0.72,1.34) 

0.908 

(Zero  vs.  Nonzero) 

Low  RH 

239 

43  (18.0) 

1.05  (0.73,1.51) 

0.781 

High  RH 

239 

38  (15.9) 

0.91(0.62,1.33) 

0.625 

Low  plus  High  RH 

478 

81  (17.0) 

0.98  (0.74,1.30) 

0.881 
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Tabie  G-7.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  3 
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Table 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

4  (ij-ti 

Number  {%) 
Abnormal 

Est.  Relative  Risk 
(95%  CX)* 

p** Value*  1 

15-22 

Absolute 

Comparison 

1,211 

147(12.1) 

Eosinophils  (Zero 

Background  RH 

381 

44(11.6) 

0.96  (0.67,1.38) 

0.833 

vs.  Nonzero) 

Low  RH 

239 

33  (13.8) 

1.15  (0.77,1.73) 

0.487 

High  RH 

239 

28(11.7) 

0.95  (0.61,1.46) 

0.798 

Low  plus  High  RH 

478 

61  (12.8) 

1.04  (0.76,1.44) 

0.789 

15-24 

Absolute  Basophils 

Comparison 

1,211 

649  (53.6) 

(Zero  vs.  Nonzero) 

Background  RH 

381 

213  (55.9) 

1.09  (0.86,1.38) 

0.459 

Low  RH 

239 

147  (61.5) 

1.39(1.04,1.84) 

0.025 

High  RH 

239 

130  (54.4) 

1.04  (0.78,1.37) 

0.796 

Low  plus  High  RH 

478 

277  (58.0) 

1.20  (0.97,1.49) 

0.098 

16-3 

Thyroid  Disease 

Comparison 

1,208 

102  (8.4) 

Background  RH 

378 

30  (7.9) 

0.97  (0.64,1.49) 

0.906 

Low  RH 

237 

15  (6.3) 

0.73  (0.41,1.27) 

0.263 

High  RH 

241 

20  (8.3) 

0.94  (0.57,1.56) 

0.825 

Low  plus  High  RH 

478 

35  (7.3) 

0.83  (0.55,1.24) 

0.362 

16-4 

Composite  Diabetes 

Comparison 

1,195 

199(16.7) 

Indicator 

Background  RH 

379 

37  (9.8) 

0.67  (0.45,0.98) 

0.041 

Low  RH 

235 

49  (20.9) 

1.27  (0.88,1.84) 

0.202 

High  RH 

240 

57  (23.8) 

1.33  (0.94,1.90) 

0.111 

Low  plus  High  RH 

475 

106  (22.3) 

1.30  (0.99,1.72) 

0.064 

16-7 

Thyroid  Gland 

Comparison 

1,165 

16(1.4) 

Background  RH 

369 

4(1.1) 

0.82  (0.27,2.47) 

0.718 

Low  RH 

233 

1  (0.4) 

0.31  (0.04,2.32) 

0.253 

High  RH 

234 

1  (0.4) 

0.30  (0.04,2.27) 

0.242 

Low  plus  High  RH 

467 

2  (0.4) 

0.30  (0.07,1.32) 

0.112 

16-8 

Testicular 

Comparison 

1,199 

47  (3.9) 

Examination 

Background  RH 

376 

14  (3.7) 

0.89  (0.49,1.65) 

0.722 

Low  RH 

237 

15  (6.3) 

1.68  (0.92,3.06) 

0.091 

High  RH 

241 

9(3.7) 

1.00  (0.48,2.07) 

0.994 

Low  plus  High  RH 

478 

24  (5.0) 

1.29  (0.77,2.16) 

0.333 

16-12 

Thyroxine 

Comparison 

1,161 

31  (2.7) 

Background  RH 

367 

13  (3.5) 

1.40  (0.72,2.71) 

0.325 

Low  RH 

233 

3(1.3) 

0.47  (0.14,1.55) 

0.215 

High  RH 

234 

7  (3.0) 

1.08  (0.47,2.49) 

0.858 

Low  plus  High  RH 

467 

10(2.1) 

0.71  (0.33,1.54) 

0.390 

16-13 

Anti-Thyroid 

Comparison 

1,161 

7  (0.6) 

Antibodies 

Background  RH 

367 

3  (0.8) 

1.20  (0.30,4.69) 

0.798 

Low  RH 

233 

1  (0.4) 

0.73  (0.09,5.96) 

0.768 

High  RH 

234 

1  (0.4) 

0.80  (0.10,6.56) 

0.834 

Low  plus  High  RH 

467 

2  (0.4) 

0.76  (0.16,3.70) 

0.736 
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Table 

Ref. 

Clinical 

Ills  •  Parameter''  j>  ;  | 

IHoxin  Category 

!j|  fill 

Number  (%) 

1 1  Abnormal 

Est.  Relative  Risk 
(95%  C.L)* 

16-15 

Fasting  Glucose 

Comparison 

1,212 

203  (16.7) 

Background  RH 

381 

48  (12.6) 

0.89  (0.63,1.26) 

0.517 

Low  RH 

238 

44(18.5) 

1.07  (0.73,1.56) 

0.721 

High  RH 

242 

58  (24.0) 

1.35  (0.95,1.91) 

0.097 

Low  plus  High  RH 

480 

102  (21.3) 

1.20  (0.91,1.59) 

0.200 

16-17 

2-Hour  Postprandial 

Comparison 

996 

155  (15.6) 

Glucose 

Background  RH 

342 

47  (13.7) 

0.98  (0.68,1.40) 

0.906 

Low  RH 

186 

35(18.8) 

1.27  (0.84,1.92) 

0.260 

High  RH 

183 

31  (16.9) 

1.00  (0.65,1.54) 

0.999 

Low  plus  High  RH 

369 

66(17.9) 

1.13(0.82,1.56) 

0.468 

16-18 

Fasting  Urinary 

Comparison 

1,212 

51  (4.2) 

Glucose 

Background  RH 

381 

7(1.8) 

0.53  (0.24,1.19) 

0.124 

Low  RH 

238 

9  (3.8) 

0.81  (0.38,1.70) 

0.571 

High  RH 

242 

18(7.4) 

1.51  (0.85,2.69) 

0.160 

Low  plus  High  RH 

480 

27  (5.6) 

1.11  (0.66,1.85) 

0.696 

16-19 

2-Hour  Postprandial 

Comparison 

994 

214(21.5) 

Urinary  Glucose 

Background  RH 

341 

85  (24.9) 

1.20  (0.90,1.60) 

0.222 

Low  RH 

185 

52(28.1) 

1.43(1.00,2.03) 

0.050 

High  RH 

183 

42  (23.0) 

1.10(0.75,1.60) 

0.636 

Low  plus  High  RH 

368 

94  (25.5) 

1.25  (0.95,1.65) 

0.118 

16-23 

a-l-C  Hemoglobin 

Comparison 

1,212 

125  (10.3) 

Background  RH 

381 

25  (6.6) 

0.75  (0.47,1.18) 

0.210 

Low  RH 

238 

25  (10.5) 

0.95  (0.60,1.53) 

0.841 

High  RH 

242 

45  (18.6) 

1.73  (1.17,2.55) 

0.006 

Low  plus  High  RH 

480 

70  (14.6) 

1.29  (0.92,1.80) 

0.138 

16-25 

Total  Testosterone 

Comparison 

1,189 

88  (7.4) 

Background  RH 

372 

23  (6.2) 

1.04  (0.64,1.69) 

0.878 

Low  RH 

234 

20  (8.6) 

1.08  (0.64,1.84) 

0.767 

High  RH 

238 

28(11.8) 

1.40  (0.88,2.25) 

0.156 

Low  plus  High  RH 

472 

48(10.2) 

1.23  (0.84,1.82) 

0.285 

16-27 

Free  Testosterone 

Comparison 

1,189 

20(1.7) 

Background  RH 

372 

5(1.3) 

0.94  (0.35,2.55) 

0.906 

Low  RH 

234 

8  (3.4) 

1.95  (0.84,4.52) 

0.120 

High  RH 

238 

1  (0.4) 

0.21  (0.03,1.57) 

0.128 

Low  plus  High  RH 

472 

9(1.9) 

0.63  (0.20,1.99) 

0.431 

16-29 

Estradiol 

Comparison 

1,213 

343  (28.3) 

Background  RH 

381 

102  (26.8) 

0.96  (0.74,1.25) 

0.774 

Low  RH 

239 

59  (24.7) 

0.82  (0.60,1.13) 

0.234 

High  RH 

243 

73  (30.0) 

1.05  (0.78,1.43) 

0.731 

Low  plus  High  RH 

482 

132  (27.4) 

0.93  (0.74,1.18) 

0.566 
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Sipfipc: 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

n 

Number  {%) 
Abnormal 

Est  Relative  Risk 
(95%  CX)* 

p-Valuea 

16-31 

LH 

Comparison 

1,213 

67  (5.5) 

Background  RH 

381 

27  (7.1) 

1.27  (0.79,2.02) 

0.322 

Low  RH 

239 

12(5.0) 

0.91  (0.48,1.71) 

0.770 

High  RH 

243 

9  (3.7) 

0.68  (0.33,1.38) 

0.280 

Low  plus  High  RH 

482 

21  (4.4) 

0.78  (0.47,1.30) 

0.345 

16-33 

FSH 

Comparison 

1,213 

93  (7.7) 

Background  RH 

381 

35  (9.2) 

1.22  (0.81,1.84) 

0.341 

Low  RH 

239 

20  (8.4) 

1.10(0.66,1.82) 

0.713 

High  RH 

243 

16(6.6) 

0.85  (0.49,1.47) 

0.557 

Low  plus  High  RH 

482 

36  (7.5) 

0.96  (0.64,1.44) 

0.860 

17-14 

ANA  Test 

Comparison 

1,164 

606  (52.1) 

Background  RH 

371 

199  (53.6) 

1.05  (0.83,1.33) 

0.674 

Low  RH 

222 

105  (47.3) 

0.83  (0.62,1.11) 

0.202 

High  RH 

231 

127  (55.0) 

1.14(0.85,1.51) 

0.380 

Low  plus  High  RH 

453 

232  (51.2) 

0.97  (0.78,1.21) 

0.810 

17-15 

ANA  Thyroid 

Comparison 

1,164 

34  (2.9) 

Microsomal 

Background  RH 

371 

12  (3.2) 

1.13  (0.58,2.22) 

0.717 

Antibody 

Low  RH 

222 

7  (3.2) 

1.08  (0.47,2.46) 

0.862 

High  RH 

231 

5  (2.2) 

0.72  (0.28,1.88) 

0.506 

Low  plus  High  RH 

453 

12  (2.7) 

0.88  (0.45,1.73) 

0.709 

17-16 

MSK  Smooth 

Comparison 

1,164 

141(12.1) 

Muscle  Antibody 

Background  RH 

371 

52(14.0) 

1.23  (0.87,1.74) 

0.235 

Low  RH 

222 

30(13.5) 

1.12(0.73,1.71) 

0.601 

High  RH 

231 

19  (8.2) 

0.63  (0.38,1.04) 

0.071 

Low  plus  High  RH 

453 

49  (10.8) 

0.83(0.59,1.19) 

0.315 

17-17 

MSK  Mitochondrial 

Comparison 

1,164 

2  (0.2) 

Antibody 

Background  RH 

371 

2  (0.5) 

3.74  (0.51,27.25) 

0.193 

Low  RH 

222 

2  (0.9) 

4.91  (0.68,35.44) 

0.114 

High  RH 

231 

0  (0.0) 

- 

0.999b 

Low  plus  High  RH 

453 

2(0.4) 

— 

0.672b 

17-18 

MSK  Parietal 

Comparison 

1,164 

50  (4.3) 

Antibody 

Background  RH 

371 

9(2.4) 

0.61  (0.29,1.25) 

0.179 

Low  RH 

222 

16(7.2) 

1.68  (0.94,3.02) 

0.082 

High  RH 

231 

10(4.3) 

0.93  (0.46,1.87) 

0.843 

Low  plus  High  RH 

453 

26  (5.7) 

1.24  (0.75,2.05) 

0.392 

17-19 

Rheumatoid  Factor 

Comparison 

1,164 

130(11.2) 

Background  RH 

371 

46(12.4) 

1.15  (0.80,1.65) 

0.458 

Low  RH 

222 

27(12.2) 

1.10(0.70,1.70) 

0.686 

High  RH 

231 

15  (6.5) 

0.54  (0.31,0.95) 

0.032 

Low  plus  High  RH 

453 

42  (9.3) 

0.77  (0.52,1.12) 

0.170 
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Table 

Ref. 

Clinical 

Parameter 

Dioxin  Category 

n 

Number  (%) 
Abnormal 

Est.  Relative  Risk 
(95%  CX)*  H 

p-i  Value* 

18-3 

Asthma 

Comparison 

1,208 

42  (3.5) 

Background  RH 

377 

19  (5.0) 

1.47  (0.84,2.58) 

0.174 

Low  RH 

235 

10  (4.3) 

1.23  (0.61,2.50) 

0.559 

High  RH 

240 

11  (4.6) 

1.33  (0.67,2.64) 

0.408 

Low  plus  High  RH 

475 

21  (4.4) 

1.28  (0.75,2.19) 

0.363 

18-4 

Bronchitis 

Comparison 

1,188 

230(19.4) 

Background  RH 

372 

84  (22.6) 

1.22  (0.92,1.62) 

0.174 

Low  RH 

228 

44(19.3) 

1.00  (0.70,1.43) 

0.980 

High  RH 

239 

54  (22.6) 

1.21  (0.87,1.70) 

0.262 

Low  plus  High  RH 

467 

98  (21.0) 

1.10(0.84,1.44) 

0.479 

18-5 

Pneumonia 

Comparison 

1,168 

134(11.5) 

Background  RH 

361 

38  (10.5) 

0.93  (0.63,1.36) 

0.708 

Low  RH 

222 

27  (12.2) 

1.06  (0.68,1.65) 

0.790 

High  RH 

236 

19  (8.1) 

0.66  (0.40,1.09) 

0.107 

Low  plus  High  RH 

458 

46(10.0) 

0.83  (0.58,1.19) 

0.315 

18-6 

Thorax  and  Lung 

Comparison 

1,213 

137(11.3) 

Abnormalities 

Background  RH 

381 

39(10.2) 

0.82  (0.56,1.20) 

0.304 

Low  RH 

239 

31  (13.0) 

1.19(0.79,1.82) 

0.408 

High  RH 

243 

31  (12.8) 

1.24  (0.82,1.89) 

0.313 

Low  plus  High  RH 

482 

62(12.9) 

1.22  (0.88,1.68) 

0.232 

18-7 

X-ray  Interpretation 

Comparison 

1,213 

116  (9.6) 

Background  RH 

381 

53  (13.9) 

1.56(1.10,2.21) 

0.013 

Low  RH 

239 

26(10.9) 

1.15(0.73,1.80) 

0.546 

High  RH 

241 

17  (7.1) 

0.70  (0.41,1.20) 

0.196 

Low  plus  High  RH 

480 

43  (9.0) 

0.90  (0.62,1.31) 

0.576 

“Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  for  dioxin. 

b  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants 
with  abnormalities. 

Relative  risk,  confidence  interval,  and  p-value  are  not  presented  because  of  the  sparse  number  of  participants 
with  abnormalities. 

Note:  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <  10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  G-8.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  4  (Ranch  Hands: 


Log2  (1987  Dioxin  +  1)) 

Table 

Ref. 

Clinical  Parameter 

EsL  Relative  Risk 
(95%  CX) 

p-Value 

9-3 

Self-perception  of  Health 

1.22(1.08,1.39) 

0.002 

9-4 

Appearance  of  Illness  or  Distress 

1.09  (0.78,1.52) 

0.631 

9-5 

Relative  Age  Appearance 

0.97  (0.83,1.12) 

0.654 

9-7 

Body  Fat 

1.26(1.14,1.40) 

<0.001 

9-9 

Erythrocyte  Sedimentation  Rate 

1.18(1.01,1.39) 

0.040 

10-3 

Skin  Neoplasms 

0.88  (0.80,0.97) 

0.012 

10-4 

Malignant  Skin  Neoplasms 

0.92  (0.81,1.04) 

0.187 

10-5 

Benign  Skin  Neoplasms 

0.85  (0.77,0.95) 

0.003 

10-6 

Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

1.16(0.72,1.86) 

0.542 

10-7 

Basal  Cell  Carcinoma  (All  Sites  Combined) 

0.87  (0.76,0.99) 

0.037 

10-8 

Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

0.84  (0.72,0.98) 

0.021 

10-9 

Basal  Cell  Carcinoma  (Trunk) 

0.96  (0.77,1.19) 

0.695 

10-10 

Basal  Cell  Carcinoma  (Upper  Extremities) 

0.77  (0.56,1.07) 

0.107 

10-11 

Basal  Cell  Carcinoma  (Lower  Extremities) 

0.85  (0.45,1.59) 

0.597 

10-12 

Squamous  Cell  Carcinoma 

0.95  (0.70,1.29) 

0.744 

10-13 

Nonmelanoma 

0.89  (0.78,1.01) 

0.074 

10-14 

Melanoma 

1.05  (0.76,1.46) 

0.761 

10-15 

Systemic  Neoplasms  (All  Sites  Combined) 

1.02  (0.92,1.12) 

0.734 

10-16 

Malignant  Systemic  Neoplasms 

0.96  (0.81,1.14) 

0.641 

10-17 

Benign  Systemic  Neoplasms 

1.03  (0.93,1.14) 

0.582 

10-18 

Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

0.84  (0.59,1.20) 

0.329 

10-19 

Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 

0.85  (0.53,1.36) 

0.494 

10-20 

Malignant  Systemic  Neoplasms  (Oral  Cavity,  Pharynx,  and  Larynx) 

1.23  (0.66,2.29) 

0.526 

10-21 

Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum) 

0.33(0.12,0.92) 

0.038 

10-22 

Malignant  Systemic  Neoplasms  (Thyroid  Gland) 

0.90  (0.34,2.40) 

0.832 

10-23 

Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 

0.98  (0.64,1.50) 

0.915 

10-24 

Malignant  Systemic  Neoplasms  (Liver) 

2.10  (0.92,4.78) 

0.080 

10-25 

Malignant  Systemic  Neoplasms  (Colon  and  Rectum) 

1.18(0.74,1.91) 

0.495 

10-26 

Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 

1.03  (0.69,1.53) 

0.902 

10-27 

Malignant  Systemic  Neoplasms  (Prostate) 

0.82  (0.62,1.10) 

0.182 

10-28 

Malignant  Systemic  Neoplasms  (Testicles) 

1.22  (0.59,2.50) 

0.599 

10-29 

Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft  Tissues) 

2.36  (0.73,7.65) 

0.151 

10-30 

Hodgkin’s  Disease 

0.67  (0.15,2.97) 

0.583 

10-31 

Non-Hodgkin’s  Lymphoma 

0.60  (0.13,2.70) 

0.491 

10-32 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic 

0.68  (0.24,1.96) 

0.466 

10-33 

Tissue 

All  Malignant  Skin  and  Systemic  Neoplasms 

0.94  (0.84,1.05) 

0.281 

10-34 

All  Skin  and  Systemic  Neoplasms 

0.93  (0.85,1.02) 

0.149 

10-36 

PSA 

0.91  (0.75,1.10) 

0.313 

11-3 

Inflammatory  Diseases 

0.97  (0.58,1.63) 

0.920 

11-4 

Hereditary  and  Degenerative  Disorders 

0.96  (0.82,1.12) 

0.590 

11-5 

Peripheral  Disorders 

1.15  (1.04,1.29) 

0.010 

11-6 

Other  Neurological  Disorders 

1.13(1.01,1.26) 

0.038 

11-7 

Smell 

0.89  (0.65,1.23) 

0.481 

11-8 

Visual  Fields 

1.43  (0.62,3.31) 

0.421 

11-9 

Light  Reaction 

0.77  (0.18,3.29) 

0.715 
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Table  G-8.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  4 
(Ranch  Hands:  Logi  (1987  Dioxin  +  1))  (Continued) 


mmu 

J§':.RefL> 

•  :  : 

Clinical  Parameter 

Est  Relative  Risk 

I  l.#l  flf  I'll 

11-10 

Ocular  Movement 

1.09  (0.77,1  54) 

0.643 

11-11 

Facial  Sensation 

0.75  (0.27,2.11) 

0.572 

11-12 

Jaw  Clench 

0.92  (0.35,2.44) 

0.864 

11-13 

Smile 

1.16(0.72,1.88) 

0.541 

11-14 

Palpebral  Fissure 

1.05(0.64,1.73) 

0.840 

11-15 

Balance 

0.88  (0.52,1.50) 

0.642 

11-16 

Speech 

0.77  (0.37,1.59) 

0.462 

11-17 

Tongue  Position  Relative  to  Midline 

0.92  (0.35,2.44) 

0.864 

11-18 

Palate  and  Uvula  Movement 

1.13(0.31,4.05) 

0.857 

11-19 

Cranial  Nerve  Index 

0.93  (0.77,1.13) 

0.462 

11-20 

Neck  Range  of  Motion 

1.03  (0.92,1.15) 

0.632 

11-21 

Pinprick 

1.15  (0.96,1.37) 

0.137 

11-22 

Light  Touch 

1.02  (0.81,1.28) 

0.865 

11-23 

Muscle  Status 

1.02  (0.82,1.27) 

0.863 

11-24 

Patellar  Reflex 

1.08  (0.83,1.42) 

0.568 

11-25 

Achilles  Reflex 

1.07  (0.95,1.21) 

0.250 

11-26 

Biceps  Reflex 

1.16(0.80,1.68) 

0.437 

11-27 

Babinski  Reflex 

0.58  (0.32,1.03) 

0.056 

11-29 

Polyneuropathy  Prevalence  Index 

1.09  (0.96,1.24) 

0.198 

11-30 

Multiple  Polyneuropathy  Index 

1.19(0.96,1.46) 

0.110 

11-31 

Confirmed  Polyneuropathy  Indicator 

1.80(1.26,2.58) 

0.002 

11-32 

Tremor 

0.94  (0.79,1.13) 

0.527 

11-33 

Coordination 

0.81  (0.58,1.13) 

0.211 

11-34 

Romberg  Sign 

0.88  (0.52,1.50) 

0.642 

11-35 

Gait 

LOO  (0.83,1.22) 

0.966 

11-36 

CNS  Index 

0.97  (0.84,1.12) 

0.672 

12-3 

Psychoses 

1.11  (0.89,1.39) 

0.368 

12-4 

Alcohol  Dependence 

1.07(0.90,1.28) 

0.420 

12-5 

Drug  Dependence 

0.46  (0.16,1.34) 

0.155 

12-6 

Anxiety 

1.14(1.03,1.26) 

0.011 

12-7 

Other  Neuroses 

1.20(1.09,1.32) 

<0.001 

12-8 

SCL-90-R  Anxiety 

1.15  (0.99,1.34) 

0.065 

12-9 

SCL-90-R  Depression 

1.15(1.01,1.31) 

0.040 

12-10 

SCL-90-R  Hostility 

1.19(1.01,1.41) 

0.045 

12-11 

SCL-90-R  Interpersonal  Sensitivity 

1.12(0.98,1.28) 

0.090 

12-12 

SCL-90-R  Obsessive-Compulsive  Behavior 

1.13(1.00,1.29) 

0.058 

12-13 

SCL-90-R  Paranoid  Ideation 

1.21  (1.02,1.45) 

0.032 

12-14 

SCL-90-R  Phobic  Anxiety 

1.28(1.11,1.48) 

0.001 

12-15 

SCL-90-R  Psychoticism 

1.24(1.08,1.42) 

0.002 

12-16 

SCL-90-R  Somatization 

1.16(1.03,1.31) 

0.013 

12-17 

SCL-90-R  Global  Severity  Index  (GSI) 

1.24(1.09,1.41) 

0.001 

12-18 

SCL-90-R  Positive  Symptom  Total  (PST) 

1.22(1.07,1.38) 

0.003 

12-19 

SCL-90-R  Positive  Symptom  Distress  Index  (PSDI) 

1.13  (0.97,1.33) 

0.130 

13-3 

Uncharacterized  Hepatitis 

0.86  (0.61,1.21) 

0.377 

13-4 

Jaundice 

0.44  (0.28,0.69) 

<0.001 

13-5 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 

1.10(0.89,1.37) 

0.368 

13-6 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

1.05  (0.73,1.49) 

0.803 

13-7 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

2.30  (0.71,7.43) 

0.162 

13-8 

Enlarged  Liver  (Hepatomegaly) 

0.94  (0.65,1.35) 

0.731 
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Table  G-8.  Summary  of  Unadjusted  Results  for  Dichotomous  Variables  -  Model  4 
(Ranch  Hands:  Log2  (1987  Dioxin  +  1))  (Continued) 
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Est,  Relative  Risk 

Clinical  Parameter 

(95%  C.I.)  p-Vahie 

13-9 

Other  Liver  Disorders 

1.10(1.00,1.22) 

0.055 

13-10 

Current  Hepatomegaly 

1.04  (0.69,1.58) 

0.853 

13-12 

AST 

1.26(1.06,1.48) 

0.008 

13-14 

ALT 

1.33  (1.13,1.56) 

0.001 

13-16 

GGT 

1.17(1.01,1.35) 

0.034 

13-18 

Alkaline  Phosphatase 

0.79  (0.58,1.09) 

0.144 

13-20 

Total  Bilirubin 

0.89  (0.72,1.10) 

0.275 

13-21 

Direct  Bilirubin 

0.78  (0.18,3.33) 

0.735 

13-23 

Lactic  Dehydrogenase 

1.00  (0.85,1.17) 

0.989 

13-25 

Cholesterol 

1.15(1.02,1.30) 

0.025 

13-27 

HDL  Cholesterol 

0.92  (0.78,1.09) 

0.349 

13-29 

Cholesterol-HDL  Ratio 

1.22(1.11,1.34) 

<0.001 

13-31 

Triglycerides 

1.29(1.16,1.44) 

<0.001 

13-33 

Creatine  Phosphokinase 

1.14(0.97,1.33) 

0.123 

13-35 

Serum  Amylase 

0.93  (0.70,1.22) 

0.590 

13-36 

Antibodies  for  Hepatitis  A 

1.08  (0.98,1.19) 

0.125 

13-37 

Evidence  of  Prior  Hepatitis  B 

1.20(1.03,1.40) 

0.023 

13-38 

Current  Hepatitis  B 

1.37  (0.41,4.55) 

0.617 

13-39 

Antibodies  for  Hepatitis  C 

0.69  (0.42,1.14) 

0.139 

13-40 

Stool  Hemoccult 

1.04  (0.81,1.34) 

0.760 

13-42 

Prealbumin 

1.02  (0.69,1.49) 

0.931 

13-44 

Albumin 

0.68  (0.24,1.96) 

0.465 

13-46 

a- 1 -Acid  Glycoprotein 

1.00  (0.80,1.25) 

0.986 

13-50 

a-2-Macroglobulin 

1.37(1.06,1.77) 

0.020 

13-52 

Apolipoprotein  B 

1.12(1.02,1.23) 

0.017 

13-54 

C3  Complement 

0.61  (0.41,0.91) 

0.011 

13-56 

C4  Complement 

0.32  (0.12,0.90) 

0.033 

13-58 

Haptoglobin 

1.03  (0.94,1.14) 

0.509 

13-60 

Transferrin 

1.03  (0.88,1.22) 

0.710 

14-3 

Essential  Hypertension 

1.22(1.11,1.34) 

<0.001 

14-4 

Heart  Disease  (Excluding  Essential  Hypertension) 

0.87  (0.79,0.96) 

0.004 

14-5 

Myocardial  Infarction 

1.03  (0.87,1.21) 

0.740 

14-6 

Stroke  or  Transient  Ischemia  Attack 

0.99  (0.66,1.48) 

0.957 

14-8 

Systolic  Blood  Pressure 

1.00  (0.89,1.12) 

0.956 

14-10 

Diastolic  Blood  Pressure 

1.14(0.94,1.39) 

0.198 

14-11 

Heart  Sounds 

1.16(0.92,1.46) 

0.220 

14-12 

Overall  Electrocardiograph 

0.96  (0.87,1.06) 

0.391 

14-13 

Right  Bundle  Branch  Block 

1.03  (0.77,1.38) 

0.845 

14-14 

Left  Bundle  Branch  Block 

0.69  (0.35,1.36) 

0.271 

14-15 

Non-Specific  ST-  and  T-Wave  Changes 

1.06  (0.94,1.19) 

0.361 

14-16 

Bradycardia 

0.77  (0.56,1.05) 

0.084 

14-17 

Tachycardia 

1.56  (0.92,2.63) 

0.111 

14-18 

Arrhythmia 

0.99  (0.82,1.20) 

0.932 

14-19 

Evidence  of  Prior  Myocardial  Infarction 

1.09  (0.87,1.38) 

0.447 

14-20 

ECG:  Other  Diagnoses 

1.27  (0.63,2.59) 

0.512 

14-21 

Funduscopic  Examination 

1.00  (0.87,1.15) 

0.951 

14-22 

Carotid  Bruits 

1.02  (0.77,1.36) 

0.897 

14-23 

Radial  Pulses 

0.75  (0.43,1.32) 

0.305 

14-24 

Femoral  Pulses 

1.01  (0.75,1.38) 

0.927 
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Clinical  Parameter 

Est.  Relative  Risk 
(95%  C.I.) 

p- Value 

14-25 

Popliteal  Pulses 

0.98  (0.74,1.30) 

0.891 

14-26 

Dorsalis  Pedis  Pulses 

0.99  (0.84,1.17) 

0.913 

14-27 

Posterior  Tibial  Pulses 

1.03  (0.86,1.24) 

0.746 

14-28 

Leg  Pulses 

1.00  (0.87,1.16) 

0.956 

14-29 

Peripheral  Pulses 

1.00  (0.86,1.15) 

0.972 

14-30 

ICVI  Index 

1.08  (0.86,1.37) 

0.503 

15-14 

Prothrombin  Time 

0.86  (0.55,1.34) 

0.498 

15-15 

RBC  Morphology 

1.03  (0.87,1.23) 

0.698 

15-18 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

0.99  (0.88,1.12) 

0.905 

15-22 

Absolute  Eosinophils  (Zero  vs.  Nonzero) 

1.05  (0.91,1.20) 

0.528 

15-24 

Absolute  Basophils  (Zero  vs.  Nonzero) 

0.97  (0.88,1.06) 

0.496 

16-3 

Past  Thyroid  Disease 

1.01  (0.85,1.20) 

0.892 

16-4 

Composite  Diabetes  Indicator 

1.35  (1.20,1.52) 

<0.001 

16-7 

Thyroid  Gland 

0.85  (0.47,1.51) 

0.562 

16-8 

Testicular  Examination 

1.01  (0.81,1.26) 

0.903 

16-12 

Thyroxine 

0.97  (0.73,1.29) 

0.825 

16-13 

Anti-Thyroid  Antibodies 

0.82  (0.43,1.55) 

0.535 

16-15 

Fasting  Glucose 

1.25(1.11,1.41) 

<0.001 

16-17 

2-Hour  Postprandial  Glucose 

1.06  (0.92,1.22) 

0.394 

16-18 

Fasting  Urinary  Glucose 

1.38(1.12,1.71) 

0.004 

16-19 

2-Hour  Postprandial  Urinary  Glucose 

0.97  (0.86,1.10) 

0.664 

16-23 

a-l-C  Hemoglobin 

1.39(1.21,1.60) 

<0.001 

16-25 

Total  Testosterone 

1.22(1.05,1.43) 

0.013 

16-27 

Free  Testosterone 

0.94  (0.65,1.36) 

0.744 

16-29 

Estradiol 

1.04  (0.94,1.15) 

0.430 

16-31 

LH 

0.84  (0.68,1.04) 

0.094 

16-33 

FSH 

0.97  (0.82,1.15) 

0.712 

17-14 

ANA  Test 

0.98  (0.90,1.08) 

0.732 

17-15 

ANA  Thyroid  Microsomal  Antibody 

0.90  (0.68,1.20) 

0.486 

17-16 

MSK  Smooth  Muscle  Antibody 

0.88  (0.76,1.02) 

0.087 

17-17 

MSK  Mitochondrial  Antibody 

0.62  (0.29,1.33) 

0.206 

17-18 

MSK  Parietal  Antibody 

1.14(0.92,1.42) 

0.245 

17-19 

Rheumatoid  Factor 

0.81  (0.69,0.96) 

0.010 

18-3 

Asthma 

1.06  (0.86,1.31) 

0.594 

18-4 

Bronchitis 

0.97  (0.87,1.08) 

0.579 

18-5 

Pneumonia 

0.91  (0.78,1.07) 

0.236 

18-6 

Thorax  and  Lung  Abnormalities 

1.03  (0.90,1.19) 

0.653 

18-7 

X-rav  Interpretation 

0.83  (0.71,0.97) 

0.015 

Note:  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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Table  G-9.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 


Table 

Ref. 

Clinical  Parameter 

Contrast  ■  - 

Occupational 

PSH  Category  gggg 

.  Number  (%)  Abnormal 

Est  Relative  Risk 
(95%  CM.) 

p-Value 

RH 

sgispi 

11-28 

Polyneuropathy 

Moderate  vs.  None  or  Mild 

All 

21  (2.6) 

13(1.1) 

2.37  (1.18,4.76) 

0.015 

Severity  Index 

Officer 

7  (2.2) 

6(1.3) 

1.73  (0.58,5.19) 

0.330 

Enlisted  Flyer 

7  (4.8) 

2(1.1) 

4.54  (0.93,22.20) 

0.062 

Enlisted  Groundcrew 

7  (2.0) 

5  (0.9) 

2.13(0.67,6.77) 

0.199 

Severe  vs.  None  or  Mild 

All 

4  (0.5) 

1  (0.1) 

5.87  (0.65,52.61) 

0.114 

Officer 

3  (0.9) 

0  (0.0) 

- 

0.1 30a 

Enlisted  Flyer 

0  (0.0) 

0  (0.0) 

- 

- 

Enlisted  Groundcrew 

1  (0.3) 

1  (0.2) 

1.52  (0.09,24.45) 

0.766 

13-48 

a- 1 -Antitrypsin 

Low  vs.  Normal 

All 

11(1.3) 

18(1.5) 

0.88  (0.41,1.87) 

0.737 

Officer 

8  (2.4) 

1 1  (2.2) 

1.06  (0.42,2.65) 

0.908 

Enlisted  Flyer 

1  (0.7) 

1  (0.5) 

1.23  (0.08,19.83) 

0.884 

Enlisted  Groundcrew 

2(0.5) 

6(U) 

0.50  (0.10,2.51) 

0.403 

High  vs.  Normal 

All 

8  (0.9) 

5  (0.4) 

2.30  (0.75,7.06) 

0.145 

Officer 

2  (0.6) 

0  (0.0) 

- 

0.327a 

Enlisted  Flyer 

1  (0.7) 

2(1.1) 

0.61  (0.07,5.25) 

0.657 

Enlisted  Groundcrew 

5  (1.4) 

3  (0.5) 

2.52  (0.61,10.42) 

0.202 

15-4 

RBC  Count 

Low  vs.  Normal 

All 

42  (4.9) 

60  (4.8) 

1.01  (0.67,1.51) 

0.979 

Officer 

19(5.6) 

28  (5.7) 

0.97  (0.53,1.77) 

0.921 

Enlisted  Flyer 

11(7.3) 

7  (3.7) 

2.03  (0.77,5.36) 

0.155 

Enlisted  Groundcrew 

12  (3.2) 

25  (4.4) 

0.72  (0.36,1.45) 

0.357 

High  vs.  Normal 

All 

6(0.7) 

14(1.1) 

0.62  (0.24,1.61) 

0.322 

Officer 

1  (0.3) 

6(1.2) 

0.24  (0.03,1.98) 

0.185 

Enlisted  Flyer 

2(1.3) 

2(1-1) 

1.29  (0.18,9.27) 

0.800 

Enlisted  Groundcrew 

3  (0.8) 

6(1.1) 

0.75  (0.19,3.02) 

0.685 
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Table  G-9.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 
(Continued) 


Contrast  •  V 

Occupational 

Number  (%)  Abnormal 

EsL  Relative  Risk 
(95%  CX) 

p-Value 

CategorjSSSS® 

RH 

Low  vs.  Normal 

All 

51  (5.9) 

62  (5.0) 

1.20  (0.82,1.75) 

0.353 

Officer 

22  (6.5) 

29  (5.9) 

1.10(0.62,1.95) 

0.747 

Enlisted  Flyer 

10  (6.6) 

6(3.2) 

2.14  (0.76,6.05) 

0.150 

Enlisted  Groundcrew 

19(5.1) 

27  (4.8) 

1.08  (0.59,1.97) 

0.809 

High  vs.  Normal 

All 

31  (3.6) 

45  (3.6) 

1.00  (0.63,1.60) 

0.988 

Officer 

7  (2.1) 

12(2.4) 

0.85  (0.33,2.17) 

0.727 

Enlisted  Flyer 

8  (5.3) 

10  (5.4) 

1.03  (0.40,2.68) 

0.954 

Enlisted  Groundcrew 

16  (4.3) 

23  (4.0) 

1.07  (0.55,2.05) 

0.850 

Low  vs.  Normal 

All 

62  (7.2) 

79  (6.3) 

1.14  (0.81,1.61) 

0.458 

Officer 

25  (7.3) 

29  (5.9) 

1.27  (0.73,2.21) 

0.400 

Enlisted  Flyer 

16(10.6) 

13(7.0) 

1.60  (0.74,3.44) 

0.230 

Enlisted  Groundcrew 

21  (5.6) 

37  (6.5) 

0.85  (0.49,1.47) 

0.557 

High  vs.  Normal 

All 

3  (0.4) 

7  (0.6) 

0.62  (0.16,2.41) 

0.493 

Officer 

2  (0.6) 

2  (0.4) 

1.47  (0.21,10.49) 

0.700 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.899a 

Enlisted  Groundcrew 

0  (0.0) 

5  (0.9) 

- 

0.171a 

Low  vs.  Normal 

All 

21  (2.4) 

29  (2.3) 

1.04  (0.59,1.84) 

0.886 

Officer 

8  (2.4) 

12(2.4) 

0.96  (0.39,2.37) 

0.928 

Enlisted  Flyer 

6  (4.0) 

4(2.1) 

1.91  (0.53,6.88) 

0.325 

Enlisted  Groundcrew 

7  (1.9) 

13  (2.3) 

0.81  (0.32,2.05) 

0.659 

High  vs.  Normal 

All 

1  (0.1) 

5  (0.4) 

0.29  (0.03,2.47) 

0.256 

Officer 

0  (0.0) 

2(0.4) 

- 

0.647a 

Enlisted  Flyer 

1  (0.7) 

0  (0.0) 

- 

0.907a 

Enlisted  Groundcrew 

0  (0.0) 

3  (0.5) 

-- 

0.413* 

Table 

Ref.  Clinical  Parameter 


15-6  WBC  Count 


15-8  Hemoglobin 


15-10  Hematocrit 


G-78 


Table  G-9.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 
(Continued) 


■  ■■■  ■■  ■■  ■■ ......  ■  ■■ : 

Contrast 

Occupational 

Category 

Number  (%)  At 

■  -  ■  ■ 

>  normal 

■  ■  ,  ; 

■  ■  ■  ■  ■  ....... 

Est.  Relative  Risk 
(95%  CX)  p 

-■ 

Low  vs.  Normal 

All 

23  (2.7) 

39  (3.1) 

— — _ .  . . .  . . . . . 

0.85  (0.50,1.43) 

0.533 

Officer 

16  (4.7) 

9(1.8) 

2.65  (1.16,6.06) 

0.021 

Enlisted  Flyer 

1  (0.7) 

11  (6.0) 

0.11  (0.01,0.83) 

0.032 

Enlisted  Groundcrew 

6(1.6) 

19  (3.4) 

0.47  (0.19,1.20) 

0.115 

High  vs.  Normal 

All 

4  (0.5) 

5  (0.4) 

1.15(0.31,4.29) 

0.837 

Officer 

1  (0.3) 

3  (0.6) 

0.50  (0.05,4.79) 

0.545 

Enlisted  Flyer 

1  (0.7) 

1  (0.5) 

1.16(0.07,18.72) 

0.916 

Enlisted  Groundcrew 

2(0.5) 

1  (0.2) 

3.00  (0.27,33.23) 

0.370 

No  Treatment  vs. 

All 

49  (5.7) 

66  (5.4) 

1.07(0.73,1.57) 

0.721 

Nondiabetic 

Officer 

16(4.7) 

25  (5.1) 

0.94  (0.49,1.80) 

0.859 

Enlisted  Flyer 

9(6.1) 

14  (7.6) 

0.78  (0.33,1.87) 

0.579 

Enlisted  Groundcrew 

24  (6.4) 

27  (4.8) 

1.34  (0.76,2.36) 

0.314 

Diet  Only  vs.  Nondiabetic 

All 

18(2.1) 

18(1.5) 

1.44  (0.75,2.79) 

0.275 

Officer 

8  (2.4) 

6(1.2) 

1.97  (0.67,5.72) 

0.215 

Enlisted  Flyer 

2(1-4) 

2(1.1) 

1.22  (0.17,8.76) 

0.846 

Enlisted  Groundcrew 

8(2.1) 

10(1.8) 

1.21  (0.47,3.09) 

0.697 

Oral  Hypoglycemic  vs. 

All 

38  (4.4) 

77  (6.3) 

0.71  (0.48,1.06) 

0.097 

Nondiabetic 

Officer 

12  (3.6) 

26  (5.3) 

0.68  (0.34,1.37) 

0.281 

Enlisted  Flyer 

9(6.1) 

12(6.5) 

0.91  (0.37,2.23) 

0.840 

Enlisted  Groundcrew 

17  (4.5) 

39  (7.0) 

0.66  (0.37,1.18) 

0.160 

Requiring  Insulin  vs. 

All 

24  (2.8) 

17(1.4) 

2.04(1.09,3.82) 

0.026 

Nondiabetic 

Officer 

12(3.6) 

7  (1.4) 

2.53  (0.98,6.50) 

0.054 

Enlisted  Flyer 

3  (2.0) 

4  (2.2) 

0.91  (0.20,4.15) 

0.905 

Enlisted  Groundcrew 

9  (2.4) 

6(1.1) 

2.26  (0.80,6.41) 

0.125 

15-12  Platelet  Count 


16-5  Diabetic  Severity 
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Table  G-9.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 
(Continued) 


Table 

Ref. 

Clinical  Parameter 

.....  .........  '• 

•  .  •  .  ;  •  :  .■  ’  •  ■  •  =:  •  »:•  1  •  - 

Contrast  -p-SCZp'i 

Occupational 

Number  (%)  Abnormal 
RH  C  '  V- 

Est  Relative  Risk 

p- Value 

16-10 

TSH 

Abnormal  Low  vs.  Normal 

All 

10(1.2) 

9  (0.8) 

1.61  (0.65,3.98) 

0.301 

Officer 

4(1.2) 

2(0.4) 

2.92  (0.53,16.01) 

0.218 

Enlisted  Flyer 

3(2.1) 

2(1.1) 

1.89  (0.31,11.48) 

0.488 

Enlisted  Groundcrew 

3  (0.8) 

5  (0.9) 

0.91  (0.22,3.84) 

0.899 

Abnormal  High  vs.  Normal 

All 

36  (4.3) 

37  (3.1) 

1.41  (0.88,2.25) 

0.149 

Officer 

14  (4.3) 

17  (3.6) 

1.20  (0.58,2.47) 

0.620 

Enlisted  Flyer 

3(2.1) 

6  (3.3) 

0.63  (0.15,2.57) 

0.519 

Enlisted  Groundcrew 

19(5.1) 

14  (2.6) 

2.06(1.02,4.16) 

0.044 

16-21 

Serum  Insulin 

Abnormal  Low  vs.  Normal 

All 

86(12.0) 

138(13.5) 

0.85  (0.62,1.15) 

0.278 

Officer 

36(12.6) 

69  (16.5) 

0.76  (0.48,1.20) 

0.235 

Enlisted  Flyer 

15(12.4) 

14  (9.6) 

1.11  (0.49,2.51) 

0.803 

Enlisted  Groundcrew 

35(11.4) 

55(12.0) 

0.88  (0.55,1.42) 

0.613 

Abnormal  High  vs.  Normal 

All 

294  (41.2) 

432  (42.2) 

0.92  (0.75,1.13) 

0.443 

Officer 

112(39.3) 

151  (36.0) 

1.08  (0.78,1.49) 

0.655 

Enlisted  Flyer 

50  (41.3) 

74  (50.7) 

0.70  (0.42,1.17) 

0.173 

Enlisted  Groundcrew 

132  (42.9) 

207  (45.2) 

0.89  (0.65,1.21) 

0.442 

18-11 

Loss  of  Vital 

Mild  vs.  None 

All 

67  (7.7) 

98  (7.8) 

0.98  (0.71,1.35) 

0.885 

Capacity 

Officer 

24  (7.0) 

32  (6.5) 

1.10(0.63,1.90) 

0.737 

Enlisted  Flyer 

11  (7.3) 

18  (9.7) 

0.72  (0.33,1.58) 

0.413 

Enlisted  Groundcrew 

32  (8.5) 

48  (8.4) 

1.00  (0.62,1.59) 

0.990 

Moderate  or  Severe  vs.  None 

All 

10(1.2) 

20(1.6) 

0.71  (0.33,1.53) 

0.388 

Officer 

5(1.5) 

5(1.0) 

1.46  (0.42,5.10) 

0.549 

Enlisted  Flyer 

1  (0.7) 

4(2.2) 

0.29  (0.03,2.67) 

0.277 

Enlisted  Groundcrew 

4(1.1) 

11(1.9) 

0.54  (0.17,1.72) 

0.300 

18-12 

Obstructive 

Mild  vs.  None 

All 

276  (31.8) 

368  (29.5) 

1.12(0.93,1.36) 

0.237 

Abnormality 

Officer 

124  (36.4) 

147  (29.8) 

1.38(1.02,1.86) 

0.034 

Enlisted  Flyer 

49  (32.5) 

72  (38.7) 

0.81  (0.50,1.28) 

0.363 

Enlisted  Groundcrew 

103  (27.3) 

149  (26.2) 

1.03  (0.77,1.39) 

0.845 
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Table  G-9.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 
( Continued ) 


Table  Occupation. 

4 

PS 

•  ••  •  r-  . .  „• 

Number  (%)  Abnormal  FjE,  KAlnrt,.H1.t 

Ret  Clinical  Parameter  Contrast  Category 

RH  C  (95%  Cl.)  p-Valne 

18-12  Obstructive 

Moderate  vs.  None 

All 

51  (5.9) 

75  (6.0) 

1.02  (0.70,1.48) 

0.928 

Abnormality 

Officer 

19(5.6) 

26  (5.3) 

1.20  (0.64,2.22) 

0.569 

(continued) 

Enlisted  Flyer 

14  (9.3) 

12  (6.5) 

1.38  (0.60,3.15) 

0.444 

Enlisted  Groundcrew 

18(4.8) 

37  (6.5) 

0.72  (0.40,1.30) 

0.281 

Severe  vs.  None 

All 

14(1.6) 

16(1.3) 

1.31  (0.63,2.70) 

0.467 

Officer 

5(1.5) 

5(1.0) 

1.64  (0.47,5.73) 

0.440 

Enlisted  Flyer 

6  (4.0) 

5  (2.7) 

1.42  (0.42,4.82) 

0.574 

Enlisted  Groundcrew 

3  (0.8) 

6(1-1) 

0.75  (0.18,3.00) 

0.679 

a  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  abnormalities. 
Relative  risk,  confidence  interval,  and  p-value  not  presented  because  of  the  sparse  number  of  participants  with  abnormalities. 

Note:  RH  =  Ranch  Hand;  C  =  Comparison. 


Table  G-10.  Summary  of  Unadjusted  Results  for  Polytomous  Variables 
Log2  (Initial  Dioxin)) 

-  Model  2  (Ranch  Hands: 

Table 

Est  Relative  Risk 

Clinical  Parameter 

Contrast 

(95%  cxy 

p-Valoe* 

11-28 

Polyneuropathy  Severity 

Moderate  vs.  None  or  Mild 

1.29  (0.90,1.87) 

0.168 

Index 

Severe  vs.  None  or  Mild 

0.68  (0.23,1.98) 

0.476 

13-48 

a- 1 -Antitrypsin 

Low  vs.  Normal 

0.83  (0.37,1.90) 

0.667 

High  vs.  Normal 

1.05  (0.39,2.80) 

0.925 

15-4 

RBC  Count 

Low  vs.  Normal 

0.79  (0.53,1.15) 

High  vs.  Normal 

0.76  (0.36,1.59) 

0.464 

15-6 

WBC  Count 

Low  vs.  Normal 

0.59  (0.39,0.89) 

High  vs.  Normal 

0.99  (0.69,1.43) 

0.964 

15-8 

Hemoglobin 

Low  vs.  Normal 

0.74  (0.53,1.03) 

High  vs.  Normal 

1.16(0.24,5.60) 

0.856 

15-10 

Hematocrit 

Low  vs.  Normal 

0.95  (0.58,1.57) 

0.840 

High  vs.  Normal 

1.17(0.24,5.66) 

0.841 

15-12 

Platelet  Count 

Low  vs.  Normal 

0.63  (0.33,1.19) 

0.152 

High  vs.  Normal 

1.28  (0.49,3.36) 

0.616 

16-5 

Diabetic  Severity 

No  Treatment  vs.  Nondiabetic 

1.14  (0.87,1.49) 

Diet  Only  vs.  Nondiabetic 

1.12(0.74,1.71) 

0.584 

Oral  Hypoglycemic  vs.  Nondiabetic 

1.13  (0.87,1.48) 

0.358 

Requiring  Insulin  vs.  Nondiabetic 

1.23  (0.86,1.76) 

0.250 

16-10 

TSH 

Low  vs.  Normal 

1.40  (0.73,2.71) 

0.311 

High  vs.  Normal 

1.27  (0.89,1.79) 

0.183 

16-21 

Serum  Insulin 

Low  vs.  Normal 

0.96  (0.70,1.32) 

0.815 

High  vs.  Normal 

1.07  (0.90,1.28) 

0.447 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

0.88(0.67,1.15) 

0.345 

Moderate  or  Severe  vs.  None 

0.73  (0.31,1.76) 

0.489 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

0.79  (0.67,0.93) 

Moderate  vs.  None 

0.87  (0.63,1.20) 

0.393 

Severe  vs.  None 

0.53(0.24,1.21) 

0.131 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

Note:  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  G~1 1 .  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category) 


- 

"jflblc 

■■  . . . - 

Ref.  Clinical  Parameter 

Contrast 

Dioxin  Category 

Number  (%) 
Abnormal 

-  Est  Relative  Risk 
(95%  CX}* 

p-Value* 

11-28 

Polyneuropathy  Severity 

Moderate  vs.  None  or  Mild 

Comparison 

1,146 

13(1.1) 

Index 

Background  RH 

361 

5(1.4) 

1.30  (0.46,3.71) 

0.619 

LowRH 

226 

7(3.1) 

2.76  (1.09,7.02) 

0.032 

High  RH 

227 

7(3.1) 

2.64(1.03,6.73) 

0.042 

Low  plus  High  RH 

453 

14(3.1) 

2.70(1.26,5.81) 

0.011 

Severe  vs.  None  or  Mild 

Comparison 

1,146 

1  (0.1) 

Background  RH 

361 

1  (0.3) 

3.03  (0.19,49.25) 

0.435 

LowRH 

226 

2  (0.9) 

10.54  (0.95,116.83) 

0.055 

High  RH 

227 

1  (0.4) 

5.41  (0.33,87.73) 

0.235 

Low  plus  High  RH 

453 

3  (0.7) 

7.54  (0.75,75.71) 

0.086 

13-48 

a- 1 -Antitrypsin 

Low  vs.  Normal 

Comparison 

1,194 

17(1.4) 

Background  RH 

376 

7(1.9) 

1.14(0.47,2.79) 

0.772 

Low  RH 

236 

2  (0.8) 

0.61  (0.14,2.67) 

0.513 

High  RH 

240 

2  (0.8) 

0.68  (0.16,2.98) 

0.610 

Low  plus  High  RH 

476 

4  (0.8) 

0.65  (0.22,1.93) 

0.434 

High  vs.  Normal 

Comparison 

1,194 

5  (0.4) 

Background  RH 

376 

5(1.3) 

2.48  (0.70,8.77) 

0.158 

Low  RH 

236 

1  (0.4) 

1.03  (0.11,9.33) 

0.976 

High  RH 

240 

2  (0.8) 

3.49  (0.64,19.06) 

0.149 

Low  plus  High  RH 

476 

3  (0.6) 

1.91  (0.42,8.72) 

0.404 

15-4 

RBC  Count 

Low  vs.  Normal 

Comparison 

1,211 

55  (4.5) 

Background  RH 

381 

19(5.0) 

1.09  (0.64,1.87) 

0.757 

Low  RH 

239 

12  (5.0) 

1.11  (0.58,2.10) 

0.753 

High  RH 

239 

9  (3.8) 

0.83  (0.40,1.70) 

0.603 

Low  plus  High  RH 

478 

21  (4.4) 

0.96  (0.57,1.61) 

0.868 
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Table  G-11.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category)  (Continued) 


Table 

ReL 

Clinical  Parameter 

Contrast 

Dioxin  Category 

ri 

Number  (%) 
Abnormal 

Esi  Relative  Risk 
(95%  C.L)* 

p- Value* 

15-4 

RBC  Count  (continued) 

High  vs.  Normal 

Comparison 

1,211 

14(1.2) 

Background  RH 

381 

1  (0.3) 

0.26  (0.03,1.99) 

0.195 

Low  RH 

239 

2  (0.8) 

0.69  (0.15,3.06) 

0.623 

High  RH 

239 

3(1.3) 

0.94  (0.26,3.33) 

0.921 

Low  plus  High  RH 

478 

5(1.1) 

0.80  (0.28,2.30) 

0.683 

15-6 

WBC  Count 

Low  vs.  Normal 

Comparison 

1,211 

59  (4.9) 

Background  RH 

381 

25  (6.6) 

1.22  (0.75,1.99) 

0.426 

Low  RH 

239 

20  (8.4) 

1.82(1.07,3.10) 

0.027 

High  RH 

239 

6(2.5) 

0.56  (0.24,1.32) 

0.188 

Low  plus  High  RH 

478 

26  (5.4) 

1.01  (0.59,1.73) 

0.963 

High  vs.  Normal 

Comparison 

1,211 

43  (3.6) 

Background  RH 

381 

12  (3.2) 

0.86  (0.45,1.67) 

0.664 

Low  RH 

239 

7  (2.9) 

0.86  (0.38,1.94) 

0.716 

High  RH 

239 

1 1  (4.6) 

1.32  (0.67,2.61) 

0.420 

Low  plus  High  RH 

478 

18  (3.8) 

1.07  (0.60,1.89) 

0.825 

15-8 

Hemoglobin 

Low  vs.  Normal 

Comparison 

1,211 

74  (6.1) 

Background  RH 

381 

30  (7.9) 

1.35  (0.86,2.10) 

0.188 

Low  RH 

239 

16  (6.7) 

1.09  (0.62,1.90) 

0.767 

High  RH 

239 

13  (5.4) 

0.86  (0.47,1.58) 

0.630 

Low  plus  High  RH 

478 

29  (6.1) 

0.97  (0.62,1.51) 

0.887 

High  vs.  Normal 

Comparison 

1,211 

7  (0.6) 

Background  RH 

381 

2(0.5) 

1.04  (0.21,5.12) 

0.958 

Low  RH 

239 

0  (0.0) 

- 

0.507b 

High  RH 

239 

1  (0.4) 

0.64  (0.08,5.28) 

0.677 

Low  plus  High  RH 

478 

1  (0.2) 

-- 

0.547b 
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Table  G-11.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

..  ✓.**  ■.#  VvQUwW  ■■iy--': 

Dioxin  Category 

u 

Number  (%) 
Abnormal 

Est  Relative  Risk 
<95%  C.I.)* 

p-Value* 

15-10 

Hematocrit 

Low  vs.  Normal 

Comparison 

1,211 

27  (2.2) 

Background  RH 

381 

8  (2.1) 

0.97  (0.43,2.16) 

0.933 

Low  RH 

239 

5  (2.1) 

0.93  (0.35,2.43) 

0.875 

High  RH 

239 

5  (2.1) 

0.91  (0.35,2.40) 

0.850 

Low  plus  High  RH 

478 

10(2.1) 

0.92  (0.44,1.92) 

0.820 

High  vs.  Normal 

Comparison 

1,211 

5  (0.4) 

Background  RH 

381 

0  (0.0) 

- 

0.464b 

Low  RH 

239 

0  (0.0) 

— 

0.695b 

High  RH 

239 

1  (0.4) 

0.91  (0.10,7.96) 

0.931 

Low  plus  High  RH 

478 

1  (0.2) 

- 

0.856b 

15-12 

Platelet  Count 

Low  vs.  Normal 

Comparison 

1,205 

35  (2.9) 

Background  RH 

379 

14  (3.7) 

1.40  (0.74,2.66) 

0.299 

LowRH 

238 

6  (2.5) 

0.84  (0.35,2.03) 

0.702 

High  RH 

238 

2  (0.8) 

0.26  (0.06,1.10) 

0.067 

Low  plus  High  RH 

476 

8(1.7) 

0.47  (0.20,1.13) 

0.090 

High  vs.  Normal 

Comparison 

1,205 

5  (0.4) 

Background  RH 

379 

2(0.5) 

1.02  (0.19,5.30) 

0.984 

LowRH 

238 

0  (0.0) 

- 

0.693b 

High  RH 

238 

2  (0.8) 

2.61  (0.49,13.84) 

0.261 

Low  plus  High  RH 

476 

2(0.4) 

-- 

0.999b 
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Table  G-11.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category)  (Continued) 


Ref. 

Clinical  Parameter 

Contrast 

Dioxin  Category 

1  ;  JS. 

Nnmber  (%) 
Abnormal 

Est  Relative  Risk 

p-Value* 

16-5 

Diabetic  Severity 

No  Treatment  vs. 

Comparison 

1,195 

63  (5.3) 

Nondiabetic 

Background  RH 

379 

16  (4.2) 

0.91  (0.51,1.61) 

0.749 

Low  RH 

235 

13(5.5) 

1.04  (0.55,1.94) 

0.912 

High  RH 

240 

19(7.9) 

1.43  (0.83,2.47) 

0.202 

Low  plus  High  RH 

475 

32  (6.7) 

1.22  (0.77,1.92) 

0.394 

Diet  Only  vs.  Nondiabetic 

Comparison 

1,195 

17(1.4) 

Background  RH 

379 

6(1.6) 

1.23  (0.48,3.17) 

0.668 

Low  RH 

235 

5(2.1) 

1.49  (0.54,4.11) 

0.437 

High  RH 

240 

7  (2.9) 

2.00  (0.81,4.92) 

0.131 

Low  plus  High  RH 

475 

12(2.5) 

1.73  (0.81,3.70) 

0.156 

Oral  Hypoglycemic  vs. 

Comparison 

1,195 

72  (6.0) 

Nondiabetic 

Background  RH 

379 

5(1.3) 

0.27  (0.11,0.69) 

0.006 

Low  RH 

235 

14  (6.0) 

0.92  (0.49,1.72) 

0.795 

High  RH 

240 

18(7.5) 

1.08  (0.61,1.91) 

0.799 

Low  plus  High  RH 

475 

32  (6.7) 

1.00  (0.63,1.58) 

0.988 

Requiring  Insulin  vs. 

Comparison 

1,195 

17(1.4) 

Nondiabetic 

Background  RH 

379 

8(2.1) 

1.55  (0.66,3.63) 

0.318 

Low  RH 

235 

8  (3.4) 

2.43  (1.03,5.72) 

0.042 

High  RH 

240 

8  (3.3) 

2.40(1.02,5.65) 

0.046 

Low  plus  High  RH 

475 

16  (3.4) 

2.41  (1.20,4.83) 

0.013 
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Table  G-11.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category )  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Contrast 

Dioxin  Category 

n 

Number  (%) 
Abnormal 

Est  Relative  Risk 
(95%  C.t)* 

p- Value* 

16-10 

TSH 

Low  vs.  Normal 

Comparison 

1,161 

9  (0.8) 

Background  RH 

367 

6(1.6) 

2.27  (0.80,6.50) 

0.125 

LowRH 

233 

1  (0.4) 

0.54  (0.07,4.31) 

0.564 

High  RH 

234 

3(1.3) 

1.60  (0.43,6.02) 

0.485 

Low  plus  High  RH 

467 

4  (0.9) 

0.93  (0.25,3.48) 

0.919 

High  vs.  Normal 

Comparison 

1,161 

36  (3.1) 

Background  RH 

367 

17  (4.6) 

1.46  (0.80,2.64) 

0.214 

Low  RH 

233 

7  (3.0) 

0.97  (0.43,2.22) 

0.951 

High  RH 

234 

10  (4.3) 

1.47  (0.72,3.02) 

0.294 

Low  plus  High  RH 

467 

17  (3.6) 

1.20  (0.66,2.17) 

0.553 

16-21 

Serum  Insulin 

Low  vs.  Normal 

Comparison 

996 

131  (13.2) 

Background  RH 

342 

51  (14.9) 

0.96  (0.66,1.39) 

0.820 

Low  RH 

186 

20(10.8) 

0.84  (0.50,1.43) 

0.527 

High  RH 

183 

13  (7.1) 

0.58(0.31,1.07) 

0.082 

Low  plus  High  RH 

369 

33  (8.9) 

0.70  (0.45,1.07) 

0.102 

High  vs.  Normal 

Comparison 

996 

418  (42.0) 

Background  RH 

342 

122  (35.7) 

0.91  (0.69,1.20) 

0.507 

LowRH 

186 

85  (45.7) 

1.14(0.81,1.61) 

0.460 

High  RH 

183 

87  (47.5) 

0.99  (0.70,1.40) 

0.968 

Low  plus  High  RH 

369 

172  (46.6) 

1.06  (0.82,1.39) 

0.643 
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Table  G-11.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

:  Contrast  -  /  llSS 

Dioxin  Category 

V §§ ! 

Number  (%) 
Abnormal 

Esi.  Relative  Risk 
.  (95%  C.I.)8 

p-Value* 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

Comparison 

1,211 

97  (8.0) 

Background  RH 

381 

31  (8.1) 

1.18(0.77,1.81) 

0.456 

Low  RH 

238 

18(7.6) 

0.89  (0.52,1.51) 

0.663 

High  RH 

243 

17  (7.0) 

0.75  (0.43,1.29) 

0.295 

Low  plus  High  RH 

481 

35  (7.3) 

0.81  (0.54,1.23) 

0.325 

Moderate  or  Severe  vs. 

Comparison 

1,211 

18(1.5) 

None 

Background  RH 

381 

6(1.6) 

1.27  (0.50,3.27) 

0.616 

Low  RH 

238 

2  (0.8) 

0.52  (0.12,2.28) 

0.387 

High  RH 

243 

2  (0.8) 

0.46  (0.10,2.00) 

0.297 

Low  plus  High  RH 

481 

4  (0.8) 

0.49  (0.16,1.46) 

0.199 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

Comparison 

1,211 

356  (29.4) 

Background  RH 

381 

131  (34.4) 

1.26  (0.98,1.62) 

0.071 

Low  RH 

238 

85  (35.7) 

1.38  (1.02,1.86) 

0.037 

High  RH 

243 

55  (22.6) 

0.70  (0.50,0.97) 

0.031 

Low  plus  High  RH 

481 

140  (29.1) 

0.98  (0.77,1.24) 

0.838 

Moderate  vs.  None 

Comparison 

1,211 

73  (6.0) 

Background  RH 

381 

25  (6.6) 

1.14  (0.70,1.85) 

0.595 

Low  RH 

238 

13(5.5) 

1.03  (0.56,1.92) 

0.915 

High  RH 

243 

13  (5.3) 

0.82  (0.44,1.52) 

0.533 

Low  plus  High  RH 

481 

26  (5.4) 

0.92  (0.58,1.47) 

0.731 

Severe  vs.  None 

Comparison 

1,211 

15(1.2) 

Background  RH 

381 

7  (1.8) 

1.42  (0.57,3.55) 

0.453 

Low  RH 

238 

6  (2.5) 

2.37  (0.90,6.24) 

0.080 

High  RH 

243 

1  (0.4) 

0.33  (0.04,2.56) 

0.291 

Low  plus  High  RH 

481 

7  (1.5) 

0.88  (0.27,2.90) 

0.835 

a  Adjusted  for  percent  body  fat  at  the  time  of  the  blood  measurement  of  dioxin. 

b  P-value  determined  using  a  chi-square  test  with  continuity  correction  because  of  the  sparse  number  of  participants  with  abnormalities. 
— :  Relative  risk,  confidence  interval,  and  p-value  are  not  presented  because  of  the  sparse  number  of  participants  with  abnormalities. 


Table  <3-7 7.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by 
Dioxin  Category)  (Continued) 

Note:  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Table  G-12.  Summary  of  Unadjusted  Results  for  Polytomous  Variables  -  Mode!  4  (Ranch  Hands: 
Log2  (1987  Dioxin  +  1)) 

Table  Est.  Relative  Risk 


net  J; 

Clinical  Parameter 

Contrast 

;  f  j  | 

11-28 

Polyneuropathy  Severity 

Moderate  vs.  None  or  Mild 

1.38(1.04,1.84) 

0.024 

Index 

Severe  vs.  None  or  Mild 

1.13(0.59,2.15) 

0.717 

13-48 

a- 1- Antitrypsin 

Low  vs.  Normal 

0.76  (0.49,1.19) 

0.229 

High  vs.  Normal 

0.80  (0.48,1.33) 

0.393 

15-4 

RBC  Count 

Low  vs.  Normal 

0.91  (0.73,1.14) 

0.405 

High  vs.  Normal 

1.16(0.69,1.95) 

0.566 

15-6 

WBC  Count 

Low  vs.  Normal 

0.78  (0.63,0.96) 

0.020 

High  vs.  Normal 

0.99  (0.77,1.27) 

0.957 

15-8 

Hemoglobin 

Low  vs.  Normal 

0.82  (0.68,1.00) 

0.049 

High  vs.  Normal 

0.47  (0.20,1.14) 

0.096 

15-10 

Hematocrit 

Low  vs.  Normal 

0.91  (0.65,1.26) 

0.568 

High  vs.  Normal 

1.41  (0.43,4.63) 

0.573 

15-12 

Platelet  Count 

Low  vs.  Normal 

0.70  (0.50,0.96) 

0.028 

High  vs.  Normal 

0.95  (0.48,1.88) 

0.879 

16-5 

Diabetic  Severity 

No  Treatment  vs.  Nondiabetic 

1.28(1.06,1.55) 

0.010 

Diet  Only  vs.  Nondiabetic 

1.27  (0.94,1.72) 

0.120 

Oral  Hypoglycemic  vs.  Nondiabetic 

1.58(1.28,1.94) 

<0.001 

Requiring  Insulin  vs.  Nondiabetic 

1.15  (0.87,1.50) 

0.323 

16-10 

TSH 

Low  vs.  Normal 

0.97  (0.63,1.48) 

0.881 

High  vs.  Normal 

0.98  (0.78,1.24) 

0.894 

16-21 

Serum  Insulin 

Low  vs.  Normal 

0.83  (0.69,1.00) 

0.050 

High  vs.  Normal 

1.16(1.04,1.30) 

0.008 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

0.94  (0.79,1.12) 

0.480 

Moderate  or  Severe  vs.  None 

0.83  (0.53,1.31) 

0.430 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

0.83  (0.75,0.92) 

<0.001 

Moderate  vs.  None 

0.86  (0.70,1.05) 

0.145 

Severe  vs.  None 

0.70  (0.47,1.04) 

0.078 

Note:  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1  (Ranch  Hands  vs. 
Comparisons) 


Table 

Ref. 

Clinical 

Parameter  (Units) 

Occupational  _ 

Adj.  Mean  *  \  :  \ 

Different  of  Adj.  J 
Means  (95%  CX) 

p-Value 

Category 

RH 

C 

9-6 

Body  Fat  (percent) a 

All 

22.13 

22.29 

-0.17  - 

0.481 

Officer 

21.96 

21.81 

0.16- 

0.674 

Enlisted  Flyer 

21.84 

22.43 

-0.59  - 

0.319 

Enlisted  Groundcrew 

22.45 

22.76 

-0.31  - 

0.394 

9-8 

Erythrocyte 

All 

5.12 

5.08 

0.04  - 

0.850 

Sedimentation  Rate 

Officer 

4.30 

4.38 

-0.08  - 

0.789 

(mm/hr) b 

Enlisted  Flyer 

5.13 

5.74 

-0.60  - 

0.286 

Enlisted  Groundcrew 

5.81 

5.39 

0.42  - 

0.236 

10-35 

PSA  (ng/ml) a 

Ail 

1.202 

1.199 

0.003  - 

0.946 

Officer 

1.157 

1.194 

-0.037  - 

0.590 

Enlisted  Flyer 

1.289 

1.249 

0.040  - 

0.719 

Enlisted  Groundcrew 

1.177 

1.149 

0.028  - 

0.668 

13-11 

AST  (U/l)a 

All 

23.36 

23.17 

0.18- 

0.597 

Officer 

23.88 

23.80 

0.08  - 

0.885 

Enlisted  Flyer 

22.79 

22.87 

-0.09  - 

0.916 

Enlisted  Groundcrew 

23.32 

22.95 

0.37  - 

0.470 

13-13 

ALT  (U/l) 1 

All 

42.29 

42.09 

0.20  - 

0.707 

Officer 

42.75 

42.14 

0.61  - 

0.460 

Enlisted  Flyer 

41.72 

42.84 

-1.12- 

0.386 

Enlisted  Groundcrew 

41.96 

41.66 

0.30  - 

0.698 

13-15 

GGT  (U/l)a 

All 

46.80 

45.47 

1.33  - 

0.223 

Officer 

45.24 

43.62 

1.62  - 

0.331 

Enlisted  Flyer 

48.28 

47.66 

0.62  - 

0.826 

Enlisted  Groundcrew 

46.67 

45.39 

1.28  - 

0.439 

13-17 

Alkaline  Phosphatase 

All 

82.77 

80.46 

2.32  - 

0.016 

(U/l) a 

Officer 

78.68 

76.88 

1.80  - 

0.215 

Enlisted  Flyer 

84.06 

83.47 

0.58  - 

0.811 

Enlisted  Groundcrew 

85.11 

81.68 

3.43  - 

0.021 

13-19 

Total  Bilirubin 

All 

0.511 

0.511 

-0.000  - 

0.963 

(mg/dl)a 

Officer 

0.528 

0.528 

0.000  - 

0.993 

Enlisted  Flyer 

0.487 

0.505 

-0.018- 

0.482 

Enlisted  Groundcrew 

0.512 

0.507 

0.006  - 

0.727 

13-22 

Lactic 

All 

155.3 

155.0 

0.3  - 

0.790 

Dehydrogenase 

Officer 

154.8 

155.3 

-0.6  - 

0.768 

(U/l)a 

Enlisted  Flyer 

153.1 

153.9 

-0.8- 

0.787 

Enlisted  Groundcrew 

157.8 

156.3 

1.5  - 

0.397 

13-24 

Cholesterol  (mg/dl) c 

All 

212.3 

212.6 

-0.3  - 

0.850 

Officer 

206.6 

210.4 

-3.8  - 

0.141 

Enlisted  Flyer 

215.3 

216.4 

-1.2  - 

0.781 

Enlisted  Groundcrew 

214.6 

211.4 

3.2  - 

0.197 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

m. 

Clinical 

Parameter  (Units) 

Occupational 

Category 

13-26 

HDL  Cholesterol 
(mg/dl)  a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

13-28 

Cholesterol-HDL 

Ratio  a 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-30 

Triglycerides 
(mg/dl)  a 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-32 

Creatine 

Phosphokinase  (U/l) a 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-34 

Serum  Amylase 
(U/l) a 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-41 

Prealbumin  (mg/dl) 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-43 

Albumin  (mg/dl) 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-45 

a- 1 -Acid 

Glycoprotein 
(mg/dl) 3 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-47 

a- 1 -Antitrypsin 
(mg/dl) c 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-49 

a-2-MacroglobuIin 
(mg/dl) a 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

13-51 

Apolipoprotein  B 
(mg/dl) c 

All 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Adj.  Mean 

Difference  of  Adj. 
Means  (95%  CX) 

p-Value 

RH 

U\C 

47.08 

46.81 

0.28  - 

0.600 

48.76 

48.86 

-0.10- 

0.907 

47.56 

45.28 

2.29  - 

0.078 

45.68 

45.81 

-0.13- 

0.866 

4.48 

4.51 

-0.03  - 

0.546 

4.21 

4.27 

-0.06  - 

0.446 

4.49 

4.76 

-0.27- 

0.051 

4.67 

4.58 

0.08- 

0.316 

107.4 

105.6 

1.8- 

0.546 

100.3 

97.1 

3.2  - 

0.458 

107.0 

119.5 

-12.4  - 

0.109 

110.5 

105.2 

5.3  - 

0.239 

140.3 

139.4 

0.9  - 

0.809 

147.7 

145.3 

2.4  - 

0.696 

131.5 

136.4 

-4.9  - 

0.568 

140.2 

138.3 

1.8- 

0.736 

63.65 

63.74 

-0.09  - 

0.929 

61.86 

65.36 

-3.50  - 

0.037 

65.17 

62.44 

2.73  - 

0.301 

64.84 

62.86 

1.98  - 

0.218 

29.66 

29.70 

-0.04  (-0.47,0.39) 

0.861 

30.03 

30.20 

-0.17  (-0.86,0.51) 

0.621 

30.03 

29.55 

0.48  (-0.59,1.55) 

0.382 

29.10 

29.21 

-0.11  (-0.76,0.54) 

0.746 

4,180.8 

4,183.8 

-3.0  (-32.1,26.0) 

0.837 

4,163.1 

4,192.1 

-28.9  (-74.9,17.1) 

0.218 

4,201.9 

4,164.9 

37.0  (-35.0,109.0) 

0.314 

4,190.5 

4,184.7 

5.8  (-38.1,49.6) 

0.797 

83.11 

82.51 

0.60  - 

0.464 

78.64 

80.08 

-1.43  - 

0.248 

83.83 

83.68 

0.15- 

0.942 

86.86 

84.10 

2.76  - 

0.030 

146.7 

143.1 

3.6  - 

0.001 

138.6 

137.9 

0.7  - 

0.693 

150.5 

145.9 

4.7  - 

0.086 

151.5 

145.6 

5.9  - 

<0.001 

161.9 

162.8 

-0.9  - 

0.610 

154.5 

155.7 

-1.2  - 

0.643 

163.8 

165.7 

-1.9  - 

0.664 

167.4 

167.6 

-0.2  - 

0.951 

110.6 

111.8 

-1.2  - 

0.275 

105.9 

109.2 

-3.3  - 

0.048 

112.9 

115.1 

-2.2  - 

0.413 

112.6 

111.4 

1.2- 

0.457 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref, 

Clinical 

Parameter  (Units) 

Occupational 

Category 

13-53 

C3  Complement 
(mg/dl) a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

13-55 

C4  Complement 
(mg/dl) a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

13-57 

Haptoglobin  (mg/dl) c 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

13-59 

Transferrin  (mg/dl) a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

14-7 

Systolic  Blood 

Pressure  (mm  Hg) a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

14-9 

Diastolic  Blood 
Pressure  (mm  Hg) c 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

15-3 

RBC  Count 
(million/mm3) 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

15-5 

WBC  Count 
(thousand/mm3) a 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

15-7 

Hemoglobin  (gm/dl) 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

15-9 

Hematocrit  (percent) 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

15-11 

Platelet  Count 
(thousand/mm3) c 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

. — ... ;  Difference  of  Adj. 


.  ; 

c 

.•V 

Means  (959^  C.I.) 

p-Value 

120.2 

120.0 

0.2  - 

0.837 

116.5 

116.1 

0.4  - 

0.765 

120.8 

122.2 

-1.4  - 

0.505 

122.8 

122.3 

0.6  - 

0.668 

26.98 

27.21 

-0.23  - 

0.333 

26.02 

26.91 

-0.90  - 

0.017 

27.74 

26.77 

0.98  - 

0.104 

27.61 

27.67 

-0.06  - 

0.876 

128.5 

120.5 

8.0  - 

0.003 

112.2 

106.8 

5.4  - 

0.172 

137.3 

127.8 

9.5  - 

0.160 

137.4 

127.4 

9.9  - 

0.016 

246.2 

243.1 

3.1  - 

0.037 

243.5 

241.6 

1.9  - 

0.412 

247.9 

244.8 

3.1  - 

0.404 

247.1 

242.9 

4.2  - 

0.063 

127.7 

128.4 

-0.6  - 

0.415 

127.2 

128.1 

-0.9  - 

0.468 

128.7 

128.6 

0.1  - 

0.967 

127.5 

128.2 

-0.7  - 

0.574 

75.68 

75.62 

0.06  - 

0.889 

75.29 

75.37 

-0.08  - 

0.907 

76.47 

76.13 

0.33  - 

0.752 

75.37 

75.29 

0.08  - 

0.898 

4.95 

4.96 

-0.02  (-0.05,0.02) 

0.311 

4.91 

4.94 

-0.03  (-0.08,0.02) 

0.268 

4.94 

4.98 

-0.04  (-0.12,0.04) 

0.343 

4.98 

4.97 

0.00  (-0.05,0.05) 

0.919 

6.26 

6.26 

0.00  - 

0.974 

6.03 

6.03 

0.00  - 

0.972 

6.17 

6.31 

-0.14  - 

0.377 

6.55 

6.50 

0.05  - 

0.648 

15.05 

15.05 

-0.10  (-0.09,0.08) 

0.883 

15.03 

15.07 

-0.05  (-0.18,0.09) 

0.489 

15.02 

15.10 

-0.09  (-0.29,0.12) 

0.422 

15.07 

15.01 

0.06  (-0.07,0.19) 

0.356 

44.99 

45.05 

-0.06  (-0.32,0.21) 

0.681 

44.90 

45.11 

-0.21  (-0.63,0.21) 

0.326 

44.92 

45.16 

-0.24  (-0.88,0.41) 

0.477 

45.08 

44.93 

0.15  (-0.25,0.55) 

0.457 

205.8 

203.0 

2.9  - 

0.172 

199.1 

207.3 

-8.2  - 

0.014 

213.3 

197.7 

15.6  - 

0.003 

208.9 

200.8 

8.1  - 

0.011 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons )  (Continued) 


Table 

Ref. 

Clinical 

Parameter  (Units) 

w  *  Occupational  |  ■%.  %. 

Adj.  Mean 

Difference  of  Adj. 
Means  (95%  CX) 

p-Value 

Category  • 

RH 

;  c 

15-13 

Prothrombin  Time 

All 

10.49 

10.50 

-0.01  - 

0.873 

(seconds) a 

Officer 

10.52 

10.50 

0.02  - 

0.765 

Enlisted  Flyer 

10.45 

10.48 

-0.03  - 

0.718 

Enlisted  Groundcrew 

10.50 

10.51 

-0.02  - 

0.762 

15-16 

Absolute  Neutrophils 

All 

3.46 

3.45 

0.01  - 

0.774 

(segs) 

Officer 

3.26 

3.28 

-0.02  - 

0.808 

(thousand/mm3) a 

Enlisted  Flyer 

3.44 

3.47 

-0.03  - 

0.804 

Enlisted  Groundcrew 

3.68 

3.61 

0.06  - 

0.416 

15-17 

Absolute  Neutrophils 

All 

0.159 

0.150 

0.009  - 

0.126 

(bands)  (Nonzero 

Officer 

0.152 

0.141 

0.011  - 

0.221 

Measurements) 

Enlisted  Flyer 

0.143 

0.156 

-0.013  - 

0.389 

(thousand/mm3)  a 

Enlisted  Groundcrew 

0.177 

0.161 

0.016- 

0.099 

15-19 

Absolute 

All 

1.79 

1.79 

0.00  - 

0.964 

Lymphocytes 

Officer 

1.80 

1.75 

0.05  - 

0.259 

(thousand/mm3) a 

Enlisted  Flyer 

1.74 

1.82 

-0.08  - 

0.236 

Enlisted  Groundcrew 

1.82 

1.83 

-0.01  - 

0.781 

15-20 

Absolute  Monocytes 

All 

0.471 

0.476 

-0.006  - 

0.544 

(thousands/mm3) c 

Officer 

0.461 

0.468 

-0.007  - 

0.620 

Enlisted  Flyer 

0.452 

0.490 

-0.037  - 

0.106 

Enlisted  Groundcrew 

0.489 

0.481 

0.008  - 

0.590 

15-21 

Absolute  Eosinophils 

All 

0.151 

0.154 

-0.003  - 

0.576 

(Nonzero 

Officer 

0.154 

0.147 

0.007  - 

0.347 

Measurements) 

Enlisted  Flyer 

0.150 

0.153 

-0.003  - 

0.806 

(thousand/mm3) a 

Enlisted  Groundcrew 

0.149 

0.162 

-0.013- 

0.106 

15-23 

Absolute  Basophils 

All 

0.072 

0.074 

-0.002  - 

0.280 

(Nonzero 

Officer 

0.071 

0.073 

-0.001  - 

0.669 

Measurements) 

Enlisted  Flyer 

0.072 

0.074 

-0.002  - 

0.682 

(thousand/mm3) a 

Enlisted  Groundcrew 

0.073 

0.076 

-0.003  - 

0.326 

16-6 

Time  to  Diabetes 

All 

— 

— 

__ 

0.871 

Onset  (years) 

Officer 

— 

- 

- 

0.993 

Enlisted  Flyer 

- 

- 

- 

0.390 

Enlisted  Groundcrew 

- 

- 

- 

0.666 

16-9 

TSH  (^IU/ml) a 

All 

1.64 

1.57 

0.07  - 

0.105 

Officer 

1.69 

1.59 

0.10- 

0.178 

Enlisted  Flyer 

1.48 

1.58 

-0.09  - 

0.370 

Enlisted  Groundcrew 

1.71 

1.60 

0.11  - 

0.088 

16-11 

Thyroxine  (pg/dl) c 

All 

6.96 

6.93 

0.03  - 

0.565 

Officer 

6.58 

6.66 

-0.08  - 

0.370 

Enlisted  Flyer 

7.12 

7.08 

0.04  - 

0.774 

Enlisted  Groundcrew 

7.19 

7.06 

0.13- 

0.129 

16-14 

Fasting  Glucose 

All 

103.7 

103.8 

0.0  - 

0.970 

(mg/dl)  a 

Officer 

101.9 

101.0 

0.9  - 

0.550 

Enlisted  Flyer 

104.1 

105.7 

-1.6  - 

0.516 

Enlisted  Groundcrew 

104.7 

105.1 

-0.3- 

0.819 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table  Clinical  Occupational  - - . . -  Difference  of  Adj. 


Ref. 

Parameter  (Units) 

JUS!!  Category  - %i\ 

EH 

fill:  i 

Means  (9 5 %  CX) 

p-Value 

16-16 

2-Hour  Postprandial 

Ail 

105.5 

105.0 

0.5  - 

0.702 

Glucose  (mg/dl) a 

Officer 

103.0 

99.5 

3.5  - 

0.086 

Enlisted  Flyer 

106.4 

109.3 

-2.9  - 

0.405 

Enlisted  Groundcrew 

106.0 

107.2 

-1.2  - 

0.563 

16-20 

Serum  Insulin 

All 

49.07 

47.99 

1.09  - 

0.562 

(plU/ml) a 

Officer 

43.72 

41.32 

2.40  - 

0.353 

Enlisted  Flyer 

49.21 

52.20 

-2.99  - 

0.548 

Enlisted  Groundcrew 

53.35 

52.31 

1.05  - 

0.735 

16-22 

a-l-C  Hemoglobin 

All 

6.77 

6.76 

0.01  - 

0.882 

(percent) a 

Officer 

6.61 

6.55 

0.06  - 

0.427 

Enlisted  Flyer 

6.74 

6.88 

-0.14  - 

0.284 

Enlisted  Groundcrew 

6.91 

6.90 

0.01  - 

0.905 

16-24 

Total  Testosterone 

All 

422.3 

423.4 

-1.1- 

0.883 

(ng/dl) c 

Officer 

412.5 

414.7 

-2.2  - 

0.848 

Enlisted  Flyer 

439.6 

430.4 

9.2  - 

0.618 

Enlisted  Groundcrew 

418.5 

422.2 

-3.7  - 

0.733 

16-26 

Free  Testosterone 

All 

13.80 

13.79 

0.01  - 

0.941 

(pg/ml)c 

Officer 

13.39 

13.61 

-0.21  - 

0.464 

Enlisted  Flyer 

14.23 

14.10 

0.13- 

0.783 

Enlisted  Groundcrew 

13.81 

13.64 

0.17- 

0.528 

16-28 

Estradiol  (pg/ml) c 

All 

42.18 

42.83 

-0.65  - 

0.384 

Officer 

40.35 

43.90 

-3.55  - 

0.003 

Enlisted  Flyer 

44.77 

42.56 

2.21  - 

0.241 

Enlisted  Groundcrew 

42.26 

41.37 

0.89  - 

0.427 

16-30 

LH  (mlU/ml) a 

All 

3.84 

3.85 

-0.01  - 

0.955 

Officer 

3.85 

3.63 

0.22  - 

0.185 

Enlisted  Flyer 

3.55 

3.92 

-0.37  - 

0.147 

Enlisted  Groundcrew 

4.03 

4.10 

-0.08  - 

0.650 

16-32 

FSH  (mlU/ml) a 

All 

5.92 

5.85 

0.06  - 

0.689 

Officer 

6.01 

5.62 

0.40  - 

0.112 

Enlisted  Flyer 

5.67 

5.70 

-0.03  - 

0.928 

Enlisted  Groundcrew 

6.06 

6.27 

-0.21  - 

0.401 

17-4 

CD3+  Cells  (T  Cells) 

All 

1,245.2 

1,283.7 

-38.5  - 

0.255 

(cells/mm3) a 

Officer 

1,313.3 

1,266.5 

46.8  - 

0.392 

Enlisted  Flyer 

1,201.6 

1,298.4 

-96.8  - 

0.224 

Enlisted  Groundcrew 

1,205.6 

1,297.3 

-91.7  - 

0.073 

17-5 

CD4+  Cells  (Helper 

All 

871.6 

894.0 

-22.4  - 

0.333 

T  Cells)  (cells/mm3) a 

Officer 

926.9 

906.9 

20.0  - 

0.601 

Enlisted  Flyer 

835.6 

896.5 

-61.0  - 

0.261 

Enlisted  Groundcrew 

842.4 

886.4 

-44.0  - 

0.205 

17-6 

CD8+  Cells 

All 

565.6 

593.0 

-27.4  - 

0.169 

(Suppressor  T  Cells) 

Officer 

565.9 

558.6 

7.3  - 

0.812 

(cells/mm3) a 

Enlisted  Flyer 

551.8 

624.3 

-72.5  - 

0.132 

Enlisted  Groundcrew 

564.7 

606.9 

-42.2  - 

0.170 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


table 
-  Ref*  ■ 

p|:|f  : 

Parameter  (Units) 

Occupational 

Adj.Mean 

Difference  of  Adj. 

p-Value 

Category 

RH 

C 

Means  (95%  CL) 

17-7 

CD16+56+  Cells 

All 

265.8 

281.6 

-15.8- 

0.106 

(Natural  Killer  Cells) 

Officer 

261.0 

271.7 

-10.7  - 

0.478 

(cells/mm3) a 

Enlisted  Flyer 

241.8 

300.4 

-58.7  - 

0.011 

Enlisted  Groundcrew 

280.8 

283.3 

-2.5  - 

0.869 

17-8 

CD20+  Cells  (B 

All 

196.2 

198.2 

-2.0  - 

0.808 

Cells)  (cells/mm3) a 

Officer 

211.3 

198.2 

13.1- 

0.343 

Enlisted  Flyer 

185.0 

199.7 

-14.7  - 

0.450 

Enlisted  Groundcrew 

189.2 

199.3 

-10.1  - 

0.422 

17-9 

CD3+CD4+  Cells 

All 

786.5 

807.2 

-20.7  - 

0.347 

(Helper  T  Cells) 

Officer 

839.6 

820.0 

19.6  - 

0.589 

(cells/mm3) a 

Enlisted  Flyer 

753.7 

807.5 

-53.8  - 

0.296 

Enlisted  Groundcrew 

758.1 

800.7 

-42.5  - 

0.196 

17-10 

Absolute 

All 

1,787.3 

1,793.3 

-6.1  - 

0.827 

Lymphocytes 

Officer 

1,805.1 

1,752.2 

52.9  - 

0.227 

(cells/mm3) a 

Enlisted  Flyer 

1,740.1 

1,814.4 

-74.3  - 

0.279 

Enlisted  Groundcrew 

1,795.4 

1,830.0 

-34.6  - 

0.412 

17-11 

IgA  (mg/dl) a 

All 

234.9 

236.2 

-1.4  - 

0.790 

Officer 

221.5 

224.0 

-2.5  - 

0.740 

Enlisted  Flyer 

238.2 

238.1 

0.1  - 

0.995 

Enlisted  Groundcrew 

246.1 

246.8 

-0.7  - 

0.927 

17-12 

IgG  (mg/dl) a 

All 

1,121.4 

1,135.4 

-13.9  - 

0.217 

Officer 

1,101.3 

1,115.6 

-14.3  - 

0.417 

Enlisted  Flyer 

1,111.7 

1,144.1 

-32.3  - 

Enlisted  Groundcrew 

1,145.3 

1,152.2 

-6.8  - 

0.694 

17-13 

IgM  (mg/dl) a 

All 

90.5 

92.4 

-2.0  - 

Officer 

89.2 

89.9 

-0.7  - 

0.831 

Enlisted  Flyer 

89.3 

98.1 

-8.7  - 

0.120 

Enlisted  Groundcrew 

90.7 

91.4 

-0.7  - 

0.824 

18-8 

FVC  (percent  of 

All 

94.21 

93.79 

0.41  (-0.81.1.64) 

predicted) 

Officer 

94.31 

93.76 

0.56  (-1.39,2.50) 

0.575 

Enlisted  Flyer 

95.01 

94.45 

0.56  (-2.47,3.59) 

0.716 

Enlisted  Groundcrew 

93.36 

93.12 

0.23  (-1.61,2.07) 

0.804 

18-9 

FEVi  (percent  of 

All 

90.23 

90.06 

0.17  (-1.24,1.57) 

0.814 

predicted) 

Officer 

90.92 

90.81 

0.11  (-2.13,2.35) 

0.925 

Enlisted  Flyer 

89.19 

90.46 

-1.27  (-4.75,2.21) 

0.475 

Enlisted  Groundcrew 

90.07 

89.32 

0.75  (-1.36,2.87) 

0.484 

18-10 

Ratio  of  Observed 

All 

0.770 

0.771 

-0.001  - 

0.701 

FEVi  to  Observed 

Officer 

0.771 

0.775 

-0.004  - 

0.411 

FVC  d 

Enlisted  Flyer 

0.764 

0.770 

-0.005  - 

0.486 

Enlisted  Groundcrew 

0.774 

0.771 

0.003  - 

0.532 

a  Means  transformed  from  natural  logarithm  scale;  difference  of  means  after  transformation  to  original  scale; 
confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm  scale;  p-value  based  on 
difference  of  means  on  natural  logarithm  scale. 
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Table  G-13.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 

b  Means  transformed  from  natural  logarithm  (clinical  parameter  +  0.1)  scale;  difference  of  means  after 
transformation  to  original  scale;  confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm 
(clinical  parameter  +  0.1)  scale;  p-value  based  on  difference  of  means  on  natural  logarithm  (clinical  parameter  +  0.1) 
scale. 

c  Means  transformed  from  square  root  scale;  difference  of  means  after  transformation  to  original  scale;  confidence 
interval  not  given  because  analysis  was  performed  on  square  root  scale;  p-value  based  on  difference  of  means  on 
square  root  scale. 

d  Means  transformed  from  natural  logarithm  (1  -  clinical  parameter)  scale;  difference  of  means  after  transformation 
to  original  scale;  confidence  interval  not  given  because  analysis  was  performed  on  natural  logarithm  (1  -  clinical 
parameter)  scale;  p-value  based  on  difference  of  means  on  natural  logarithm  (1  -  clinical  parameter)  scale. 

Note:  RH  =  Ranch  Hand;  C  =  Comparison. 
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Table  G-14.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  2  (Ranch  Hands: 
Log2  (Initial  Dioxin)) 


Table  rJ 
|  Ret  j 

Clinical  Parameter  (Units) 

R2 

Ad[j.  Slope  ■ 

(Standard  Error) 

p- Value 

9-6 

Body  Fat  (percent) a 

0.105 

0.022  (0.010) 

0.020 

9-8 

Erythrocyte  Sedimentation  Rate  (mm/hr) b 

0.086 

0.041  (0.039) 

0.289 

10-35 

PSA  (ng/ml) a 

0.114 

-0.045  (0.031) 

0.152 

13-11 

AST  (U/l)a 

0.057 

0.010(0.014) 

0.493 

13-13 

ALT  (U/l)a 

0.094 

0.011  (0.012) 

0.357 

13-15 

GGT  (U/l) a 

0.097 

0.008  (0.022) 

0.709 

13-17 

Alkaline  Phosphatase  (U/l)a 

0.037 

-0.021  (0.011) 

0.053 

13-19 

Total  Bilirubin  (mg/dl) 8 

0.038 

0.004  (0.019) 

0.822 

13-22 

Lactic  Dehydrogenase  (U/l) a 

0.036 

0.000  (0.007) 

0.979 

13-24 

Cholesterol  (mg/dl)  c 

0.044 

0.083  (0.054) 

0.122 

13-26 

HDL  Cholesterol  (mg/dl) a 

0.132 

0.005  (0.010) 

0.625 

13-28 

Cholesterol-HDL  Ratio a 

0.118 

0.007(0.011) 

0.499 

13-30 

Triglycerides  (mg/dl) a 

0.055 

0.006  (0.027) 

0.830 

13-32 

Creatine  Phosphokinase  (U/l) a 

0.121 

-0.004  (0.023) 

0.871 

13-34 

Serum  Amylase  (U/l) a 

0.125 

-0.029  (0.015) 

0.060 

13-41 

Prealbumin  (mg/dl) 

0.072 

-0.127  (0.207) 

0.538 

13-43 

Albumin  (mg/dl) 

0.054 

-1.264(12.791) 

0.921 

13-45 

a- 1 -Acid  Glycoprotein  (mg/dl) a 

0.046 

-0.016  (0.009) 

0.086 

13-47 

a- 1 -Antitrypsin  (mg/dl) c 

0.101 

0.023  (0.041) 

0.582 

13-49 

a-2-Macroglobulin  (mg/dl) a 

0.135 

0.009  (0.010) 

0.368 

13-51 

Apolipoprotein  B  (mg/dl) c 

0.033 

0.061  (0.048) 

0.209 

13-53 

C3  Complement  (mg/dl) a 

0.083 

0.009  (0.006) 

0.145 

13-55 

C4  Complement  (mg/dl) 8 

0.019 

-0.004  (0.008) 

0.638 

13-57 

Haptoglobin  (mg/dl) c 

0.066 

-0.087  (0.111) 

0.433 

13-59 

Transferrin  (mg/dl) a 

0.014 

-0.001  (0.006) 

0.798 

14-7 

Systolic  Blood  Pressure  (mm  Hg) a 

0.135 

-0.000  (0.006) 

0.983 

14-9 

Diastolic  Blood  Pressure  (mm  Hg) c 

0.073 

0.019(0.023) 

0.425 

15-3 

RBC  Count  (million/mm3) 

0.070 

-0.004  (0.016) 

0.821 

15-5 

WBC  Count  (thousand/mm3) a 

0.213 

0.008  (0.009) 

0.414 

15-7 

Hemoglobin  (gm/dl) 

0.084 

0.030  (0.039) 

0.443 

15-9 

Hematocrit  (percent) 

0.068 

0.091  (0.119) 

0.443 

15-11 

Platelet  Count  (thousand/mm3) c 

0.090 

0.073  (0.065) 

0.262 

15-13 

Prothrombin  Time  (seconds) a 

0.036 

0.000  (0.003) 

0.956 

15-16 

Absolute  Neutrophils  (segs)  (thousand/mm3) 8 

0.198 

0.000  (0.012) 

0.988 

15-17 

Absolute  Neutrophils  (bands)  (Nonzero  Measurements) 
(thousand/mm3) a 

0.117 

-0.075  (0.036) 

0.040 

15-19 

Absolute  Lymphocytes  (thousand/mm3) a 

0.064 

0.024  (0.014) 

0.087 

15-20 

Absolute  Monocytes  (thousand/mm3) c 

0.041 

0.000  (0.006) 

0.999 

15-21 

Absolute  Eosinophils  (Nonzero  Measurements) 
(thousand/mm3) a 

0.009 

0.012  (0.029) 

0.670 

15-23 

Absolute  Basophils  (Nonzero  Measurements) 
(thousand/mm3) a 

0.082 

-0.003  (0.026) 

0.917 

16-6 

Time  to  Diabetes  Onset  (years) d 

- 

-0.074  (0.030) 

0.013 

16-9 

TSH  (pJU/ml) a 

0.071 

-0.019  (0.024) 

0.433 

16-11 

Thyroxine  (pg/dl) c 

0.045 

-0.004  (0.010) 

0.682 

16-14 

Fasting  Glucose  (mg/dl) a 

0.160 

0.023  (0.009) 

0.014 
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Table  G-14.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin ))  (Continued) 


Table  | 

-Ifjftlll 

Clinical  Parameter  (Units) 

R2 

Ad(j.  Slope 
(Standard  Error) 

p-Value 

16-16 

2-Hour  Postprandial  Glucose  (mg/dl) a 

0.139 

0.003  (0.013) 

0.832 

16-20 

Serum  Insulin  (pJU/ml) a 

0.195 

0.054  (0.040) 

0.170 

16-22 

a-l-C  Hemoglobin  (percent)3 

0.163 

0.024  (0.007) 

0.001 

16-24 

Total  Testosterone  (ng/dl) c 

0.206 

-0.015  (0.161) 

0.927 

16-26 

Free  Testosterone  (pg/ml) c 

0.240 

-0.008  (0.024) 

0.742 

16-28 

Estradiol  (pg/ml) c 

0.019 

0.046  (0.057) 

0.423 

16-30 

LH  (mlU/ml) a 

0.014 

-0.008  (0.027) 

0.755 

16-32 

FSH  (mlU/ml) 3 

0.051 

-0.007  (0.024) 

0.763 

17-4 

CD3+  Cells  (T  Cells)  (cells/mm3) 1 

0.132 

0.042  (0.027) 

0.113 

17-5 

CD4+  Cells  (Helper  T  Cells)  (cells/mm3) a 

0.152 

0.041  (0.026) 

0.119 

17-6 

CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3) 3 

0.039 

0.023  (0.034) 

0.505 

17-7 

CD  16+56+  Cells  (Natural  Killer  Cells)  (cells/mm3) a 

0.112 

-0.030  (0.038) 

0.429 

17-8 

CD20+  Cells  (B  Cells)  (cells/mm3) a 

0.236 

0.075  (0.038) 

0.052 

17-9 

CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3)  * 

0.159 

0.046  (0.028) 

0.098 

17-10 

Absolute  Lymphocytes  (cells/mm3) a 

0.066 

0.023  (0.014) 

0.109 

17-11 

IgA  (mg/dl) a 

0.049 

0.040  (0.020) 

0.046 

17-12 

IgG  (mg/dl) 3 

0.119 

-0.003  (0.010) 

0.761 

17-13 

IgM  (mg/dl) 3 

0.046 

-0.003  (0.022) 

0.896 

18-8 

FVC  (percent  of  predicted) 

0.099 

-0.303  (0.558) 

0.588 

18-9 

FEVi  (percent  of  predicted) 

0.143 

0.007  (0.637) 

0.991 

18-10 

Ratio  of  Observed  FEV|  to  Observed  FVC  e 

0.216 

-0.011  (0.012) 

0.360 

a  Slope  and  standard  error  based  on  natural  logarithm  of  clinical  parameter  versus  log2  (initial  dioxin). 
b  Slope  and  standard  error  based  on  natural  logarithm  of  (clinical  parameter  +  0.1)  versus  log2  (initial  dioxin). 
c  Slope  and  standard  error  based  on  square  root  of  clinical  parameter  versus  log2  (initial  dioxin). 
d  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  under  a  censored  Weibull 
distribution. 

e  Slope  and  standard  error  based  on  natural  logarithm  of  (1  -  clinical  parameter)  versus  log2  (initial  dioxin). 

— :  R-squared  not  presented  because  analysis  was  based  on  a  censored  Weibull  distribution. 
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Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin  Category) 


Mill 


Difference  of  Adj.  Mean  vs. 


Mt&pm 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n  Adj.  Mean  Comparisons  (95  %  CX)  p-Value 

9  6 

Body  Fat  (percent) a 

0.069 

Comparison 

1,211 

22.25 

Background  RH 

378 

20.73 

-1.52  - 

<0.001 

Low  RH 

237 

23.00 

0.75  - 

0.052 

High  RH 

241 

23.51 

1.26  - 

0.002 

Low  plus  High  RH 

478 

23.26 

1.01  - 

0.001 

9-8 

Erythrocyte  Sedimentation  Rate  (mm/hr) b 

0.083 

Comparison 

1,211 

5.12 

Background  RH 

376 

4.92 

-0.20  - 

0.484 

Low  RH 

237 

5.12 

0.00  - 

0.992 

High  RH 

240 

5.48 

0.36  - 

0.322 

Low  plus  High  RH 

All 

5.29 

0.17- 

0.510 

10-35 

PSA  (ng/ml)a 

0.085 

Comparison 

1,151 

1.201 

Background  RH 

362 

1.163 

-0.038  - 

0.527 

Low  RH 

221 

1.258 

0.057  - 

0.441 

High  RH 

234 

1.209 

0.008  - 

0.919 

Low  plus  High  RH 

455 

1.232 

0.031  - 

0.600 

13-11 

AST  (U/l)a 

0.033 

Comparison 

1,193 

23.23 

Background  RH 

374 

22.76 

-0.47  - 

0.305 

Low  RH 

235 

23.93 

0.70  - 

0.207 

High  RH 

238 

24.17 

0.94  - 

0.100 

Low  plus  High  RH 

473 

24.05 

0.82  - 

0.055 

13-13 

ALT  (U/l) a 

0.093 

Comparison 

1,193 

42.21 

Background  RH 

374 

41.31 

-0.90  - 

0.192 

Low  RH 

235 

43.65 

1.44  - 

0.084 

High  RH 

238 

43.62 

1.41  - 

0.098 

Low  plus  High  RH 

473 

43.63 

1.42  - 

0.026 
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Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table  Difference  of  AdJ.  Mean  vs* 


Rdf. 

Clinical  Parameter  (Units) 

si  Sks 

Dioxin  Category 

Adj.Mean 

Comparisons  (95%  C.I.) 

p- Value 

13-15 

GGT  (U/l)a 

0.115 

Comparison 

1,193 

45.40 

Background  RH 

374 

44.67 

-0.73- 

0.606 

LowRH 

235 

47.84 

2.43  - 

0.159 

High  RH 

238 

50.40 

5.00  - 

0.006 

Low  plus  High  RH 

473 

49.11 

3.71  - 

0.006 

13-17 

Alkaline  Phosphatase  (U/l) a 

0.027 

Comparison 

1,193 

80.38 

Background  RH 

375 

83.68 

3.48  - 

0.008 

Low  RH 

235 

83.18 

2.79  - 

0.071 

High  RH 

239 

80.32 

-0.06  - 

0.967 

Low  plus  High  RH 

474 

81.72 

1.34  - 

0.255 

13-19 

Total  Bilirubin  (mg/dl) a 

0.022 

Comparison 

1,193 

Background  RH 

374 

0.517 

-0.002  - 

0.901 

Low  RH 

235 

0.515 

-0.003  - 

0.884 

High  RH 

238 

0.520 

0.003  - 

0.861 

Low  plus  High  RH 

473 

0.517 

0.000  - 

0.981 

13-22 

Lactic  Dehydrogenase  (U/l) a 

0.036 

Comparison 

1,192 

155.5 

Background  RH 

374 

156.1 

0.6  - 

0.737 

Low  RH 

235 

155.0 

-0.5  - 

0.774 

High  RH 

238 

156.8 

1.3- 

0.528 

Low  plus  High  RH 

473 

155.9 

0.4  - 

0.812 

13-24 

Cholesterol  (mg/dl) c 

0.018 

Comparison 

1,193 

212.9 

Background  RH 

374 

211.0 

-1.9  - 

0.392 

LowRH 

235 

210.6 

-2.3  - 

0.389 

High  RH 

238 

217.3 

4.4  - 

0.115 

Low  plus  High  RH 

473 

214.0 

1.1  - 

0.616 

13-26 

HDL  Cholesterol  (mg/dl) a 

0.116 

Comparison 

1,192 

46.77 

Background  RH 

374 

47.11 

0.34  - 

0.628 

Low  RH 

234 

47.10 

0.33  - 

0.687 

High  RH 

238 

46.77 

0.00  - 

0.999 

Low  plus  High  RH 

472 

46.93 

0.16- 

0.795 
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Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Ref. 

Clinical  Parameter  (Units) 

l»i:. 

Dioxin  Category 

f»  ^F||l 

Adj.  Mean  ( 

^omparfsons  (95%  CX 

)  p- Value 

13-28 

Cholesterol-HDL  Ratio a 

0.088 

Comparison 

1,192 

4.52 

Background  RH 

374 

4.45 

-0.07  - 

0.352 

Low  RH 

234 

4.43 

-0.09  - 

0.289 

High  RH 

238 

4.61 

0.09  - 

0.290 

Low  plus  High  RH 

472 

4.52 

0.00  - 

0.978 

13-30 

Triglycerides  (mg/dl) a 

0.082 

Comparison 

1,193 

105.9 

Background  RH 

373 

103.2 

-2.7  - 

0.483 

Low  RH 

235 

107.0 

1.1- 

0.820 

High  RH 

238 

118.2 

12.3  - 

0.013 

Low  plus  High  RH 

473 

112.5 

6.6  - 

0.070 

13-32 

Creatine  Phosphokinase  (U/l) a 

0.102 

Comparison 

1,193 

140.2 

Background  RH 

374 

139.5 

-0.7  - 

0.889 

Low  RH 

235 

142.6 

2.4  - 

0.679 

High  RH 

238 

143.8 

3.6  - 

0.549 

Low  plus  High  RH 

473 

143.2 

3.0  - 

0.503 

13-34 

Serum  Amylase  (U/l) a 

0.075 

Comparison 

1,193 

63.45 

Background  RH 

374 

62.33 

-1.12- 

0.427 

Low  RH 

235 

66.45 

3.00  - 

0.078 

High  RH 

238 

61.31 

-2.14- 

0.205 

Low  plus  High  RH 

473 

63.82 

0.37  - 

0.774 

13-41 

Prealbumin  (mg/dl) 

0.055 

Comparison 

1,193 

29.65 

Background  RH 

374 

29.51 

-0.15  (-0.73,0.44) 

0.626 

Low  RH 

235 

29.69 

0.04  (-0.65,0.73) 

0.908 

High  RH 

238 

29.72 

0.06  (-0.64,0.77) 

0.860 

Low  plus  High  RH 

473 

29.71 

0.05  (-0.48,0.58) 

0.847 
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Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

■ '  ■  ••••••  •;  •  •  :  •  : 

^  Dioxin  Category 

mmm 

Adj.  Mean 

Difference  of  Adj.  Mean  v$.  1 
Comparisons  (95%  C.I.) 

p- Value 

13-43 

Albumin  (mg/dl) 

0.042 

Comparison 

1,193 

4,183.0 

Background  RH 

374 

4,187.9 

5.0  (-34.0,43.9) 

0.803 

LowRH 

235 

4,154.2 

-28.7  (-74.7,17.3) 

0.221 

High  RH 

238 

4,200.2 

17.2  (-30.0,64.4) 

0.476 

Low  plus  High  RH 

473 

4,177.3 

-5.6  (-41.0,29.8) 

0.755 

13-45 

a- 1 -Acid  Glycoprotein  (mg/dl) a 

0.029 

Comparison 

1,193 

82.72 

Background  RH 

374 

82.67 

-0.05  - 

0.961 

LowRH 

235 

83.42 

0.70  - 

0.600 

High  RH 

238 

83.78 

1.06  - 

0.436 

Low  plus  High  RH 

473 

83.60 

0.88  - 

0.389 

13-47 

a- 1 -Antitrypsin  (mg/dl) c 

0.062 

Comparison 

1,193 

143.8 

Background  RH 

374 

147.2 

1 

1 

C 

0.024 

Low  RH 

235 

145.5 

1.7  - 

0.339 

High  RH 

238 

148.4 

4.6  - 

0.011 

Low  plus  High  RH 

473 

147.0 

3.2  - 

0.020 

13-49 

a-2-Macroglobulin  (mg/dl) a 

0.113 

Comparison 

1,193 

163.2 

Background  RH 

374 

162.2 

-1.0  - 

0.683 

LowRH 

235 

159.9 

-3.3  - 

0.232 

High  RH 

238 

163.3 

0.1  - 

0.959 

Low  plus  High  RH 

473 

161.6 

-1.6  - 

0.461 

13-51 

Apolipoprotein  B  (mg/dl) c 

0.015 

Comparison 

1,193 

112.0 

Background  RH 

374 

110.0 

-2.0  - 

0.170 

LowRH 

235 

109.5 

-2.5  - 

0.154 

High  RH 

238 

113.6 

1.6  - 

0.358 

Low  plus  High  RH 

473 

111.6 

-0.4  - 

0.761 

13-53 

C3  Complement  (mg/dl) a 

0.126 

Comparison 

1,193 

120.1 

Background  RH 

374 

119.5 

-0.6  - 

0.594 

LowRH 

235 

121.0 

0.9  - 

0.518 

High  RH 

238 

121.8 

1.7- 

0.217 

Low  plus  High  RH 

473 

121.4 

1.3  - 

0.213 
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Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref* 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

U  Difference  of  Adj.  Mean  vs. 

n  Adj.  Mean  Comparisons  (95%  C.I.) 

p-Value 

13-55 

C4  Complement  (mg/dl) a 

0.039 

Comparison 

1,193 

27.24 

Background  RH 

374 

26.93 

-0.31  - 

0.336 

Low  RH 

235 

27.27 

0.03  - 

0.942 

High  RH 

238 

26.97 

-0.27  - 

0.494 

Low  plus  High  RH 

473 

27.12 

-0.12- 

0.680 

13-57 

Haptoglobin  (mg/dl) c 

0.044 

Comparison 

1,193 

120.9 

Background  RH 

374 

129.8 

8.9  - 

0.014 

Low  RH 

235 

127.5 

6.6  - 

0.118 

High  RH 

238 

128.0 

7.1  - 

0.105 

Low  plus  High  RH 

473 

127.7 

6.8  - 

0.036 

13-59 

Transferrin  (mg/dl) a 

0.021 

Comparison 

1,193 

243.0 

Background  RH 

374 

245.2 

2.2  - 

0.282 

Low  RH 

235 

246.1 

3.1  - 

0.200 

High  RH 

238 

247.9 

4.9  - 

0.050 

Low  plus  High  RH 

473 

247.0 

4.0  - 

0.032 

14-7 

Systolic  Blood  Pressure  (mm  Hg) a 

0.109 

Comparison 

1,155 

128.5 

Background  RH 

360 

128.5 

l 

i 

o 

o 

0.990 

Low  RH 

221 

127.9 

-0.6  - 

0.651 

High  RH 

236 

127.0 

-1.5  - 

0.222 

Low  plus  High  RH 

457 

127.4 

-1.1  - 

0.262 

14-9 

Diastolic  Blood  Pressure  (mm  Hg) c 

0.050 

Comparison 

1,155 

75.67 

Background  RH 

360 

75.56 

-0.11  - 

0.844 

Low  RH 

221 

75.23 

-0.44  - 

0.515 

High  RH 

236 

76.69 

1.02  - 

0.135 

Low  plus  High  RH 

457 

75.98 

0.31  - 

0.544 

15-3 

RBC  Count  (million/mm3) 

0.052 

Comparison 

1,210 

4.97 

Background  RH 

380 

4.97 

0.00  (-0.04,0.05) 

0.893 

Low  RH 

238 

4.93 

-0.03  (-0.09,0.02) 

0.230 

High  RH 

239 

4.94 

-0.02  (-0.08,0.03) 

0.441 

Low  plus  High  RH 

477 

4.94 

-0.03  (-0.07,0.01) 

0.196 

G-104 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table  Difference  of  Adj.  Mean  vs. 


Ref. 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

n 

Ac&Maan 

Comparisons  (95%  C.I.) 

p-Vaiue 

15-5 

WBC  Count  (thousand/mm3)  a 

0.206 

Comparison 

1,210 

6.27 

Background  RH 

380 

6.28 

0.01  - 

0.902 

Low  RH 

238 

6.18 

-0.09  - 

0.383 

High  RH 

239 

6.33 

0.06  - 

0.600 

Low  plus  High  RH 

477 

6.26 

-0.01  - 

0.831 

15-7 

Hemoglobin  (gm/dl) 

0.086 

Comparison 

1,210 

15.06 

Background  RH 

380 

15.04 

-0.02  (-0.14,0.09) 

0.679 

Low  RH 

238 

15.04 

-0.02  (-0.16,0.11) 

0.731 

High  RH 

239 

15.12 

0.06  (-0.08,0.20) 

0.379 

Low  plus  High  RH 

477 

15.08 

0.02  (-0.08,0.12) 

0.715 

15-9 

Hematocrit  (percent) 

0.067 

Comparison 

1,210 

45.08 

Background  RH 

380 

45.04 

-0.04  (-0.39,0.32) 

0.839 

Low  RH 

238 

44.87 

-0.21  (-0.63,0.20) 

0.318 

High  RH 

239 

45.22 

0.14  (-0.29,0.56) 

0.534 

Low  plus  High  RH 

477 

45.04 

-0.04  (-0.36,0.28) 

0.817 

15-11 

Platelet  Count  (thousand/mm3) c 

0.041 

Comparison 

1,204 

204.2 

Background  RH 

378 

202.3 

-1.9  - 

0.509 

Low  RH 

237 

204.4 

0.2  - 

0.959 

High  RH 

238 

214.8 

10.6  - 

0.002 

Low  plus  High  RH 

475 

209.6 

5.4  - 

0.038 

15-13 

Prothrombin  Time  (seconds) a 

0.012 

Comparison 

986 

10.50 

Background  RH 

308 

10.52 

0.02  - 

0.695 

Low  RH 

182 

10.46 

-0.04  - 

0.521 

High  RH 

193 

10.49 

-0.01  - 

0.823 

Low  plus  High  RH 

375 

10.47 

-0.03  - 

0.575 

G-105 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table  Difference  of  Adj.  Mean  vs. 


Ref. 

Clinical  Parameter  (Units) 

§§  R2  ft 

Dioxin  Category 

Adj.Mean 

Comparisons  (95%  C.I.) 

p-Value 

15-16 

Absolute  Neutrophils  (segs) 

0.171 

Comparison 

1,210 

3.45 

(thousand/mm3) a 

Background  RH 

380 

3.45 

0.00  - 

0.961 

Low  RH 

238 

3.44 

-0.01  - 

0.854 

High  RH 

239 

3.50 

0.05  - 

0.551 

Low  plus  High  RH 

477 

3.47 

0.02  - 

0.780 

15-17 

Absolute  Neutrophils  (bands)  (Nonzero 

0.078 

Comparison 

1,001 

0.148 

Measurements)  (thousand/mm3) a 

Background  RH 

315 

0.150 

0.002  - 

0.750 

Low  RH 

195 

0.165 

0.017  - 

0.076 

High  RH 

201 

0.161 

0.013  - 

0.166 

Low  plus  High  RH 

396 

0.163 

0.015  - 

0.038 

15-19 

Absolute  Lymphocytes  (thousand/mm3) a 

0.060 

Comparison 

1,210 

1.79 

Background  RH 

380 

1.83 

0.04  - 

0.356 

Low  RH 

238 

1.77 

-0.02  - 

0.572 

High  RH 

239 

1.77 

-0.02  - 

0.572 

Low  plus  High  RH 

All 

1.77 

-0.02  - 

0.457 

15-20 

Absolute  Monocytes  (thousand/mm3) c 

0.050 

Comparison 

1,210 

0.479 

Background  RH 

380 

0.464 

-0.015  - 

0.223 

Low  RH 

238 

0.464 

-0.015  - 

0.319 

High  RH 

239 

0.499 

0.020  - 

0.193 

Low  plus  High  RH 

All 

0.482 

0.003  - 

0.822 

15-21 

Absolute  Eosinophils  (Nonzero 

0.025 

Comparison 

1,063 

0.153 

Measurements)  (thousand/mm3) a 

Background  RH 

336 

0.156 

0.003  - 

0.677 

Low  RH 

205 

0.147 

-0.006  - 

0.447 

High  RH 

211 

0.144 

-0.009  - 

0.229 

Low  plus  High  RH 

416 

0.146 

-0.007  - 

0.194 

15-23 

Absolute  Basophils  (Nonzero 

0.088 

Comparison 

562 

0.075 

Measurements)  (thousand/mm3) a 

Background  RH 

168 

0.074 

-0.001  - 

0.657 

Low  RH 

91 

0.071 

-0.004  - 

0.183 

High  RH 

109 

0.073 

-0.002  - 

0.563 

Low  plus  High  RH 

200 

0.072 

-0.003  - 

0.220 

G-106 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table  Difference  of  Adj.  Mean  vs. 


sjjSpgjg 

Clinical  Parameter  (Units) 

.  ;  r2 

7J7 

Adj.  Mean  ; 

Comparisons  (95%  C.I.) 

p-Value 

16-6 

Time  to  Diabetes  Onset  (years) 

— 

Comparison 

1,183 

- 

Background  RH 

375 

-- 

- 

0.024 

LowRH 

232 

— 

— 

0.214 

High  RH 

238 

- 

- 

0.100 

Low  plus  High  RH 

470 

- 

- 

0.061 

16-9 

TSH  (pIU/ml)a 

0.033 

Comparison 

1,161 

1.57 

Background  RH 

365 

1.64 

0.07  - 

0.250 

Low  RH 

233 

1.64 

0.07  - 

0.292 

High  RH 

233 

1.62 

0.05  - 

0.454 

Low  plus  High  RH 

466 

1.63 

0.06  ~ 

0.237 

16-11 

Thyroxine  (pg/dl)c 

0.031 

Comparison 

1,161 

6.93 

Background  RH 

365 

6.93 

0.00  - 

0.969 

Low  RH 

233 

7.02 

0.09  - 

0.344 

High  RH 

233 

6.98 

0.05  - 

0.646 

Low  plus  High  RH 

466 

7.00 

0.07  - 

0.357 

16-14 

Fasting  Glucose  (mg/dl) a 

0.132 

Comparison 

1,200 

103.8 

Background  RH 

377 

102.8 

-1.0  - 

0.418 

Low  RH 

235 

102.9 

-0.9  - 

0.551 

High  RH 

240 

106.3 

2.5  - 

0.106 

Low  plus  High  RH 

475 

104.6 

0.8  - 

0.482 

16-16 

2-Hour  Postprandial  Glucose  (mg/dl) a 

0.116 

Comparison 

987 

105.1 

Background  RH 

338 

106.1 

1.0  - 

0.585 

LowRH 

183 

106.1 

1.0  - 

0.655 

High  RH 

181 

104.6 

-0.5  - 

0.804 

Low  plus  High  RH 

364 

105.4 

0.3  - 

0.900 

G-107 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  ( Continued ) 


Table  Difference  of  Adj.  Mean  vs. 


MMi  Clinical  Parameter  (Units)  l''- 

R2 

■■  ■  K  .. 

Dioxin  Category 

n 

Adj.  Mean 

Comparisons  (95%  C.I.)  ; 

p- Value 

16-20 

Serum  Insulin  (plU/ml) a 

0.208 

Comparison 

987 

47.57 

Background  RH 

338 

47.31 

-0.26  - 

0.914 

Low  RH 

183 

49.87 

2.30  - 

0.455 

High  RH 

181 

51.51 

3.94  - 

0.226 

Low  plus  High  RH 

364 

50.68 

3.11  - 

0.195 

16-22 

a-l-C  Hemoglobin  (percent)3 

0.136 

Comparison 

1,200 

6.78 

Background  RH 

377 

6.72 

-0.06  - 

0.412 

Low  RH 

235 

6.70 

-0.08  - 

0.330 

High  RH 

240 

6.97 

0.19- 

0.022 

Low  plus  High  RH 

475 

6.83 

0.05  - 

0.363 

16-24 

Total  Testosterone  (ng/dl)c 

0.169 

Comparison 

1,189 

422.9 

Background  RH 

370 

434.4 

11.5  - 

0.248 

Low  RH 

234 

414.5 

-8.4  - 

0.470 

High  RH 

237 

416.8 

-6.1- 

0.613 

Low  plus  High  RH 

471 

415.7 

-7.2  - 

0.420 

16-26 

Free  Testosterone  (pg/ml) c 

0.220 

Comparison 

1,189 

13.80 

Background  RH 

370 

13.98 

0.18- 

0.459 

Low  RH 

234 

13.50 

-0.30  - 

0.315 

High  RH 

237 

13.94 

0.14- 

0.643 

Low  plus  High  RH 

471 

13.72 

-0.08  - 

0.735 

16-28 

Estradiol  (pg/ml) c 

0.009 

Comparison 

1,213 

42.96 

Background  RH 

381 

41.76 

-1.20  - 

0.241 

Low  RH 

239 

41.51 

-1.45  - 

0.231 

High  RH 

243 

44.13 

1.17- 

0.374 

Low  plus  High  RH 

482 

42.82 

-0.14- 

0.888 

G-108 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table  Difference  of  Adj.  Mean  vs. 


Clinical  Parameter  (Units) 

R* 

gj; 

Acy.Mean 

Comparisons  (95%  C.I.) 

P* Value 

16-30 

LH  (mlU/ml) a 

0.047 

Comparison 

1,213 

3.84 

Background  RH 

381 

4.00 

0.16- 

0.281 

Low  RH 

239 

3.73 

-0.11  - 

0.479 

High  RH 

243 

3.81 

-0.03  - 

0.839 

Low  plus  High  RH 

482 

3.77 

-0.07  - 

0.553 

16-32 

FSH  (mlU/ml) a 

0.072 

Comparison 

1,213 

5.87 

Background  RH 

381 

6.02 

0.15- 

0.491 

Low  RH 

239 

5.98 

0.11  - 

0.668 

High  RH 

243 

5.83 

-0.04  - 

0.855 

Low  plus  High  RH 

482 

5.90 

0.03  - 

0.877 

17-4 

CD3+  Cells  (T  Cells)  (cells/mm3) a 

0.096 

Comparison 

436 

1,284.8 

Background  RH 

140 

1,237.1 

-47.7  - 

0.308 

Low  RH 

83 

1,272.3 

-12.5  - 

0.823 

High  RH 

91 

1,239.1 

-45.5  - 

0.403 

Low  plus  High  RH 

174 

1,254.9 

-29.9  - 

0.474 

17-5 

CD4+  Cells  (Helper  T  Cells)  (cells/mm3) a 

0.116 

Comparison 

436 

897.9 

Background  RH 

140 

854.8 

-43.1  - 

0.176 

Low  RH 

83 

893.6 

-4.3  - 

0.911 

High  RH 

91 

886.1 

—11-8  — 

0.752 

Low  plus  High  RH 

174 

889.7 

-8.2  - 

0.774 

17-6 

CD8+  Cells  (Suppressor  T  Cells) 

0.040 

Comparison 

436 

592.0 

(cells/mm3) a 

Background  RH 

140 

576.2 

-15.8  - 

0.574 

Low  RH 

83 

576.2 

-15.8  - 

0.634 

High  RH 

91 

541.9 

-50.1  - 

0.112 

Low  plus  High  RH 

174 

558.0 

-34.0  - 

0.164 

17-7 

CD  16+56+  Cells  (Natural  Killer  Cells) 

0.051 

Comparison 

436 

282.6 

(cells/mm3) a 

Background  RH 

140 

268.0 

-14.6  - 

0.285 

Low  RH 

83 

286.7 

4.1  - 

0.805 

High  RH 

91 

252.0 

-30.6  - 

0.046 

Low  plus  High  RH 

174 

268.0 

-14.6  - 

0.227 

G-109 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ret 

Clinical  Parameter  (Units) 

R2 

Dioxin  Category 

■  Adj,  Mean 

Difference  of  AdJ.  Mean  vs. 
Comparisons  (95%  C.I.)  ■ 

p-Value 

17-8 

CD20+  Cells  (B  Cells)  (cells/mmJ)a 

0.111 

Comparison 

436 

198.1 

Background  RH 

140 

200.6 

2.5  - 

0.827 

LowRH 

82 

185.2 

-12.9  - 

0.325 

High  RH 

91 

194.6 

-3.5  - 

0.788 

Low  plus  High  RH 

173 

190.1 

-8.0  - 

0.419 

17-9 

CD3+CD4+  Cells  (Helper  T  Cells) 

0.122 

Comparison 

436 

809.9 

(cells/mm3)a 

Background  RH 

140 

766.6 

-43.3  - 

0.151 

LowRH 

82 

806.9 

-3.0  - 

0.935 

High  RH 

91 

803.8 

-6.1- 

0.865 

Low  plus  High  RH 

174 

805.3 

-4.6  - 

0.866 

17-10 

Absolute  Lymphocytes  (cells/mm3) a 

0.060 

Comparison 

1,154 

1,794.7 

Background  RH 

365 

1,821.6 

26.9  - 

0.477 

Low  RH 

220 

1,768.7 

-26.0  - 

0.562 

High  RH 

229 

1,755.8 

-38.9  - 

0.389 

Low  plus  High  RH 

449 

1,762.1 

-32.6  - 

0.340 

17-11 

IgA  (mg/dl) a 

0.018 

Comparison 

1,154 

236.3 

Background  RH 

365 

231.0 

-5.3  - 

0.435 

LowRH 

220 

233.2 

-3.1  - 

0.707 

High  RH 

229 

241.0 

4.7  - 

0.575 

Low  plus  High  RH 

449 

237.1 

0.8  - 

0.890 

17-12 

IgG  (mg/dl) a 

0.070 

Comparison 

1,154 

1,136.6 

Background  RH 

365 

1,122.1 

-14.5  - 

Low  RH 

220 

1,121.4 

-15.2  - 

BUssl 

High  RH 

229 

1,125.1 

-11.5  - 

Low  plus  High  RH 

449 

1,123.3 

-13.3  - 

g-  no 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  (Units) 

w.  Dioxin  Category 

Adj.Mean 

Difference  of  Adj.  Mean  vs. 
Comparisons  (95%  C.I.) 

p-Value 

17-13 

IgM  (mg/dl)a 

0.019 

Comparison 

1,154 

92.5 

Background  RH 

365 

91.2 

-1.3  - 

0.659 

Low  RH 

220 

90.7 

-1.8  - 

0.599 

High  RH 

229 

89.4 

-3.1  - 

0.390 

Low  plus  High  RH 

449 

90.0 

-2.5  - 

0.358 

18-8 

FVC  (percent  of  predicted) 

0.119 

Comparison 

1,210 

93.87 

Background  RH 

380 

93.72 

-0.15  (-1.80,1.50) 

0.859 

Low  RH 

237 

94.29 

0.42  (-1.54,2.39) 

0.674 

High  RH 

243 

94.61 

0.75  (-1.25,2.74) 

0.465 

Low  plus  High  RH 

480 

94.45 

0.59  (-0.92,2.09) 

0.445 

18-9 

FEVi  (percent  of  predicted) 

0.153 

Comparison 

1,210 

90.03 

Background  RH 

380 

89.32 

-0.70  (-2.59,1.19) 

0.469 

Low  RH 

237 

90.58 

0.55  (-1.70,2.80) 

0.632 

High  RH 

243 

91.19 

1.16  (-1.13,3.45) 

0.319 

Low  plus  High  RH 

480 

90.89 

0.86  (-0.86,2.58) 

0.328 

18-10 

Ratio  of  Observed  FEVi  to  Observed 

0.195 

Comparison 

1,210 

0.770 

FVC  d 

Background  RH 

380 

0.766 

-0.004  - 

0.376 

Low  RH 

237 

0.772 

0.002  - 

0.740 

High  RH 

243 

0.774 

0.004  - 

0.466 

Low  plus  High  RH 

480 

0.773 

0.003  - 

0.481 

a  Means  transformed  from  natural  logarithm  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval  not  given  because  analysis 
was  performed  on  natural  logarithm  scale;  p-value  based  on  difference  of  means  on  natural  logarithm  scale. 

b  Means  transformed  from  natural  logarithm  (clinical  parameter  +  0.1)  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval 
not  given  because  analysis  was  performed  on  natural  logarithm  (clinical  parameter  +  0.1)  scale;  p-value  based  on  difference  of  means  on  natural  logarithm 
(clinical  parameter  +  0.1)  scale. 

c  Means  transformed  from  square  root  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval  not  given  because  analysis  was 
performed  on  square  root  scale;  p-value  based  on  difference  of  means  on  square  root  scale. 

“Means  transformed  from  natural  logarithm  (1  -  clinical  parameter)  scale;  difference  of  means  after  transformation  to  original  scale;  confidence  interval  not 
given  because  analysis  was  performed  on  natural  logarithm  (1  -  clinical  parameter)  scale;  p-value  based  on  difference  of  means  on  natural  logarithm  (1  - 
clinical  parameter)  scale. 


Table  G-15.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Note:  RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  Initial  Dioxin  >  94  ppt. 


Table  G-16.  Summary  of  Adjusted  Results  for  Continuous  Variables  - 
Log2  (1987  Dioxin  +  1)) 

Model  4  (Ranch  Hands: 

Table 

'1  i- 1  ^  1  ■  kt-i-f'ii if «i €i>  1  Jr ^51*^  1  * ;  ■  i 

.  A  J  %  :■  ■■  r-j 

Ary.  Slope 

lllifelll 

Clinical  Parameter  (Units) 

R2 

(Standard  Error) 

p-Value 

9-6 

Body  Fat  (percent) a 

0.155 

0.054  (0.006) 

<0.001 

9-8 

Erythrocyte  Sedimentation  Rate  (mm/hr) b 

0.088 

0.052  (0.025) 

0.037 

10-35 

PSA  (ng/ml)a 

0.076 

-0.021  (0.020) 

0.312 

13-11 

AST  (U/l)a 

0.036 

0.028  (0.009) 

0.002 

13-13 

ALT  (U/l)a 

0.079 

0.033  (0.007) 

<0.001 

13-15 

GGT  (U/l)a 

0.103 

0.042  (0.014) 

0.003 

13-17 

Alkaline  Phosphatase  (U/l)a 

0.042 

-0.021  (0.007) 

0.003 

13-19 

Total  Bilirubin  (mg/dl) a 

0.023 

0.008  (0.012) 

0.519 

13-22 

Lactic  Dehydrogenase  (U/l) a 

0.015 

0.006  (0.005) 

0.187 

13-24 

Cholesterol  (mg/dl) c 

0.023 

0.046  (0.034) 

0.178 

13-26 

HDL  Cholesterol  (mg/dl) a 

0.081 

-0.014  (0.007) 

0.037 

13-28 

Cholesterol-HDL  Ratio a 

0.074 

0.021  (0.007) 

0.006 

13-30 

Triglycerides  (mg/dl) a 

0.041 

0.063  (0.017) 

<0.001 

13-32 

Creatine  Phosphokinase  (U/l) a 

0.091 

0.039  (0.015) 

0.011 

13-34 

Serum  Amylase  (U/l) a 

0.063 

-0.030  (0.010) 

0.003 

13-41 

Prealbumin  (mg/dl) 

0.053 

-0.007  (0.140) 

0.961 

13-43 

Albumin  (mg/dl) 

0.040 

-11.121  (8.711) 

0.202 

13-45 

a- 1 -Acid  Glycoprotein  (mg/dl) a 

0.056 

-0.012(0.006) 

0.049 

13-47 

a- 1- Anti  trypsin  (mg/dl) c 

0.102 

-0.047  (0.027) 

0.089 

13-49 

a-2-Macroglobulin  (mg/dl) a 

0.131 

-0.005  (0.006) 

0.390 

13-51 

Apolipoprotein  B  (mg/dl) c 

0.023 

0.046  (0.031) 

0.142 

13-53 

C3  Complement  (mg/dl) a 

0.067 

0.017  (0.004) 

<0.001 

13-55 

C4  Complement  (mg/dl) a 

0.044 

0.001  (0.005) 

0.849 

13-57 

Haptoglobin  (mg/dl) c 

0.055 

-0.1 16  (0.073) 

0.114 

13-59 

Transferrin  (mg/dl) a 

0.014 

0.003  (0.004) 

0.385 

14-7 

Systolic  Blood  Pressure  (mm  Hg)a 

0.126 

-0.005  (0.004) 

0.165 

14-9 

Diastolic  Blood  Pressure  (mm  Hg)c 

0.061 

0.016(0.016) 

0.315 

15-3 

RBC  Count  (million/mm3) 

0.047 

-0.001  (0.010) 

0.941 

15-5 

WBC  Count  (thousand/mm3) a 

0.219 

0.007  (0.006) 

0.263 

15-7 

Hemoglobin  (gm/dl) 

0.088 

0.021  (0.026) 

0.421 

15-9 

Hematocrit  (percent) 

0.075 

0.029  (0.079) 

0.712 

15-11 

Platelet  Count  (thousand/mm3) c 

0.066 

0.049  (0.044) 

0.264 

15-13 

Prothrombin  Time  (seconds) a 

0.016 

-0.001  (0.002) 

0.685 

15-16 

Absolute  Neutrophils  (segs)  (thousand/mm3) a 

0.196 

0.006  (0.008) 

0.455 

15-17 

Absolute  Neutrophils  (bands)  (Nonzero  Measurements) 
(thousand/mm3) a 

0.076 

0.011  (0.024) 

0.657 

15-19 

Absolute  Lymphocytes  (thousand/mm  ) a 

0.050 

0.007  (0.009) 

0.455 

15-20 

Absolute  Monocytes  (thousand/mm3) c 

0.032 

0.007  (0.004) 

0.125 

15-21 

Absolute  Eosinophils  (Nonzero  Measurements) 
(thousand/mm3)  a 

0.028 

-0.010(0.020) 

0.608 

15-23 

Absolute  Basophils  (Nonzero  Measurements) 
(thousand/mrn  ) a 

0.076 

-0.006  (0.016) 

0.716 

16-6 

Time  to  Diabetes  Onset  (years) d 

- 

-0.118(0.027) 

<0.001 

16-9 

TSH  (pJU/ml) a 

0.046 

0.008  (0.017) 

0.624 

16-11 

Thyroxine  (pg/dl) c 

0.047 

-0.001  (0.007) 

0.862 

16-14 

Fasting  Glucose  (mg/dl)  a 

0.082 

0.018  (0.006) 

0.002 
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Table  G-16.  Summary  of  Adjusted  Results  for  Continuous  Variables  -  Model  4 
(Ranch  Hands:  Log2  (Initial  Dioxin  +  1))(Continued ) 


i|:Table| 

Ref. 

Clinical  Parameter  (Units) 

R2 

Adj.  Slope 

p-Value 

16-16 

2-Hour  Postprandial  Glucose  (mg/dl) a 

0.137 

0.002  (0.008) 

0.850 

16-20 

Serum  Insulin  (plU/ml) a 

0.235 

0.026  (0.025) 

0.305 

16-22 

a-l-C  Hemoglobin  (percent) a 

0.119 

0.016  (0.005) 

<0.001 

16-24 

Total  Testosterone  (ng/dl)c 

0.193 

-0.149  (0.109) 

0.172 

16-26 

Free  Testosterone  (pg/ml) c 

0.234 

-0.029  (0.016) 

0.066 

16-28 

Estradiol  (pg/ml) c 

0.017 

0.019  (0.036) 

0.599 

16-30 

LH  (mlU/ml) a 

0.034 

-0.024  (0.017) 

0.149 

16-32 

FSH  (mlU/ml) a 

0.066 

-0.001  (0.016) 

0.958 

17-4 

CD3+  Cells  (T  Cells)  (cells/mm3) a 

0.088 

0.035  (0.018) 

0.046 

17-5 

CD4+  Cells  (Helper  T  Cells)  (cells/mm3)* 

0.091 

0.038  (0.018) 

0.033 

17-6 

CD8+  Cells  (Suppressor  T  Cells)  (cells/mm3) a 

0.049 

0.014  (0.022) 

0.540 

17-7 

CD  16+56+  Cells  (Natural  Killer  Cells)  (cells/mm3) a 

0.059 

-0.001  (0.025) 

0.960 

17-8 

CD20+  Cells  (B  Cells)  (cells/mm3) a 

0.105 

0.030  (0.026) 

0.253 

17-9 

CD3+CD4+  Cells  (Helper  T  Cells)  (cells/mm3) a 

0.097 

0.042  (0.019) 

0.025 

17-10 

Absolute  Lymphocytes  (cells/mm3) 8 

0.046 

0.008  (0.009) 

0.393 

17-11 

IgA  (mg/dl) a 

0.031 

0.021  (0.013) 

0.115 

17-12 

IgG  (mg/dl) a 

0.073 

-0.001  (0.006) 

0.920 

17-13 

IgM  (mg/dl) a 

0.025 

-0.008  (0.014) 

0.586 

18-8 

FVC  (percent  of  predicted) 

0.111 

0.377  (0.385) 

0.329 

18-9 

FEVi  (percent  of  predicted) 

0.161 

0.652  (0.443) 

0.142 

18-10 

Ratio  of  Observed  FEVi  to  Observed  FVCe 

0.218 

-0.012  (0.008) 

0.161 

a  Slope  and  standard  error  based  on  natural  logarithm  of  clinical  parameter  versus  log2  (initial  dioxin). 
b  Slope  and  standard  error  based  on  natural  logarithm  of  (clinical  parameter  +  0.1)  versus  log2  (initial  dioxin). 
c  Slope  and  standard  error  based  on  square  root  of  clinical  parameter  versus  log2  (initial  dioxin). 
d  Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  under  a  censored  Weibull 
distribution. 

e  Slope  and  standard  error  based  on  natural  logarithm  of  (1  -  clinical  parameter)  versus  log2  (initial  dioxin). 

— :  R-squared  not  presented  because  analysis  was  based  on  a  censored  Weibull  distribution. 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1  (Ranch  Hands 
vs.  Comparisons) 


Table 

Ref. 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95%  CX) 

p- Value 

9-3 

Self-perception  of  Health 

All 

1.43(1.09,1.87) 

0.010 

Officer 

1.26  (0.75,2.12) 

0.383 

Enlisted  Flyer 

1.52  (0.82,2.82) 

0.183 

Enlisted  Groundcrew 

1.48(1.03,2.14) 

0.035 

9-4 

Appearance  of  Illness  or  Distress 

All 

1.44  (0.67,3.06) 

0.350 

Officer 

1.13(0.25,5.16) 

0.878 

Enlisted  Flyer 

2.12(0.33,13.61) 

0.426 

Enlisted  Groundcrew 

1.42  (0.52,3.89) 

0.496 

9-5 

Relative  Age  Appearance 

All 

1.21  (0.88,1.65) 

0.237 

Officer 

1.29  (0.70,2.36) 

0.410 

Enlisted  Flyer 

1.28  (0.65,2.50) 

0.476 

Enlisted  Groundcrew 

1.14(0.74,1.75) 

0.550 

9-7 

Body  Fat 

All 

0.92  (0.75,1.11) 

0.369 

Officer 

1.05  (0.77,1.45) 

0.754 

Enlisted  Flyer 

0.71  (0.43,1.16) 

0.173 

Enlisted  Groundcrew 

0.89  (0.67,1.18) 

0.431 

9-9 

Erythrocyte  Sedimentation  Rate 

All 

1.17(0.84,1.63) 

0.356 

Officer 

0.86  (0.48,1.53) 

0.602 

Enlisted  Flyer 

1.59  (0.75,3.38) 

0.231 

Enlisted  Groundcrew 

1.29  (0.79,2.10) 

0.305 

10-3 

Skin  Neoplasms 

All 

1.32(1.09,1.60) 

0.005 

Officer 

1.38  (1.03,1.85) 

0.030 

Enlisted  Flyer 

1.66(1.02,2.69) 

0.040 

Enlisted  Groundcrew 

1.16(0.86,1.56) 

0.339 

10-4 

Malignant  Skin  Neoplasms 

All 

1.19(0.93,1.54) 

0.175 

Officer 

1.29  (0.90,1.85) 

0.161 

Enlisted  Flyer 

1.86  (0.99,3.51) 

0.055 

Enlisted  Groundcrew 

0.86  (0.56,1.34) 

0.509 

10-5 

Benign  Skin  Neoplasms 

All 

1.31  (1.07,1.61) 

0.011 

Officer 

1.41  (1.02,1.95) 

0.035 

Enlisted  Flyer 

1.41  (0.82,2.43) 

0.220 

Enlisted  Groundcrew 

1.20  (0.88,1.63) 

0.257 

10-6 

Skin  Neoplasms  of  Uncertain 

All 

1.18(0.42,3.36) 

0.755 

Behavior  or  Unspecified  Nature 

Officer 

- 

-- 

Enlisted  Flyer 

-- 

-- 

Enlisted  Groundcrew 

2.57  (0.73,9.10) 

0.144 

10-7 

Basal  Cell  Carcinoma 

All 

1.21  (0.92,1.59) 

0.169 

Officer 

1.34  (0.92,1.96) 

0.129 

Enlisted  Flyer 

1.97(1.01,3.85) 

0.046 

Enlisted  Groundcrew 

0.80  (0.49,1.30) 

0.363 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  ( Continued ) 


IlMNf 

Ref.  | 

ll|Bflt|l  Clinical  Parameter  |  jlf  |  jf 

;'-H  |  Occupational  Category 

Adj.  Relative  Risk 
(95%  CX) 

p-Value 

10-8 

Basal  Cell  Carcinoma  (Ear,  Face, 

All 

1.20(0.89,1.62) 

0.242 

Head,  and  Neck) 

Officer 

1.29  (0.84,1.97) 

0.244 

Enlisted  Flyer 

1.83  (0.90,3.72) 

0.097 

Enlisted  Groundcrew 

0.84  (0.48,1.45) 

0.527 

10-9 

Basal  Cell  Carcinoma  (Trunk) 

All 

1.24  (0.79,1.94) 

0.357 

Officer 

1.47  (0.85,2.57) 

0.170 

Enlisted  Flyer 

2.47  (0.59,10.26) 

0.214 

Enlisted  Groundcrew 

0.52  (0.19,1.48) 

0.222 

10-10 

Basal  Cell  Carcinoma  (Upper 

All 

0.76  (0.44,1.34) 

0.340 

Extremities) 

Officer 

0.98  (0.51,1.89) 

0.947 

Enlisted  Flyer 

0.56  (0.05,6.30) 

0.635 

Enlisted  Groundcrew 

0.38  (0.11,1.37) 

0.139 

10-11 

Basal  Cell  Carcinoma  (Lower 

All 

1.38  (0.39,4.85) 

0.616 

Extremities) 

Officer 

1.83  (0.40,8.33) 

0.436 

Enlisted  Flyer 

— 

- 

Enlisted  Groundcrew 

0.78  (0.07,8.71) 

0.839 

10-12 

Squamous  Cell  Carcinoma 

All 

1.46  (0.77,2.78) 

0.250 

Officer 

1.10(0.49,2.49) 

0.813 

Enlisted  Flyer 

1.86  (0.29,11.86) 

0.514 

Enlisted  Groundcrew 

2.67  (0.73,9.76) 

0.139 

10-13 

Nonmelanoma 

All 

1.18(0.91,1.53) 

0.219 

Officer 

1.31  (0.91,1.90) 

0.144 

Enlisted  Flyer 

2.00(1.05,3.81) 

0.035 

Enlisted  Groundcrew 

0.76  (0.48,1.22) 

0.258 

10-14 

Melanoma 

All 

1.78(0.83,3.79) 

0.136 

Officer 

1.92  (0.69,5.30) 

0.211 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

2.01  (0.62,6.50) 

0.246 

10-15 

Systemic  Neoplasms  (All  Sites 

All 

0.88  (0.70,1.12) 

0.307 

Combined) 

Officer 

0.77  (0.56,1.07) 

0.125 

Enlisted  Flyer 

0.98  (0.60,1.61) 

0.937 

Enlisted  Groundcrew 

0.98  (0.70,1.36) 

0.888 

10-16 

Malignant  Systemic  Neoplasms 

All 

1.12(0.74,1.70) 

0.592 

Officer 

1.09  (0.63,1.88) 

0.766 

Enlisted  Flyer 

1.91  (0.82,4.43) 

0.132 

Enlisted  Groundcrew 

0.82  (0.41,1.67) 

0.589 

10-17 

Benign  Systemic  Neoplasms 

All 

0.93  (0.73,1.19) 

0.574 

Officer 

0.78(0.55,1.10) 

0.155 

Enlisted  Flyer 

0.95  (0.56,1.59) 

0.831 

Enlisted  Groundcrew 

1.11  (0.79,1.57) 

0.548 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Ride 
(95%  CX) 

p- Value 

10-18 

Systemic  Neoplasms  of  Uncertain 

All 

0.71  (0.34,1.47) 

0.355 

Behavior  or  Unspecified  Nature 

Officer 

0.96  (0.40,2.31) 

0.925 

Enlisted  Flyer 

0.45  (0.04,5.19) 

0.523 

Enlisted  Groundcrew 

0.44  (0.13,1.50) 

0.190 

10-19 

Malignant  Systemic  Neoplasms  (Eye, 

All 

0.98  (0.35,2.75) 

0.974 

Ear,  Face,  Head,  and  Neck) 

Officer 

2.07(0.53,8.16) 

0.298 

Enlisted  Flyer 

0.38  (0.04,4.02) 

0.424 

Enlisted  Groundcrew 

0.49  (0.08,2.87) 

0.429 

10-20 

Malignant  Systemic  Neoplasms  (Oral 

All 

0.63  (0.16,2.44) 

0.501 

Cavity,  Pharynx,  and  Larynx) 

Officer 

1.35  (0.17,10.61) 

0.777 

Enlisted  Flyer 

0.52  (0.04,6.28) 

0.603 

Enlisted  Groundcrew 

0.31  (0.03,3.40) 

0.336 

10-21 

Malignant  Systemic  Neoplasms 

All 

— 

— 

(Thymus,  Heart,  and  Mediastinum) 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

-- 

10-22 

Malignant  Systemic  Neoplasms 

All 

1.46  (0.20,10.39) 

0.708 

(Thyroid  Gland) 

Officer 

3.08  (0.28,34.40) 

0.362 

Enlisted  Flyer 

- 

— 

Enlisted  Groundcrew 

-- 

-- 

10-23 

Malignant  Systemic  Neoplasms 

All 

3.66  (0.78,17.13) 

0.070 

(Bronchus  and  Lung) 

Officer 

3.51  (0.57,21.64) 

0.176 

Enlisted  Flyer 

2.58  (0.21,31.26) 

0.456 

Enlisted  Groundcrew 

-- 

-- 

10-24 

Malignant  Systemic  Neoplasms 

All 

1.57  (0.22,11.35) 

0.655 

(Liver) 

Officer 

— 

— 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

1.72  (0.11,27.93) 

0.703 

10-25 

Malignant  Systemic  Neoplasms 

All 

1.50  (0.41,5.47) 

0.536 

(Colon  and  Rectum) 

Officer 

2.59  (0.37,17.95) 

0.335 

Enlisted  Flyer 

1.57  (0.19,13.30) 

0.678 

Enlisted  Groundcrew 

0.85  (0.13,5.78) 

0.872 

10-26 

Malignant  Systemic  Neoplasms 

All 

3.12(0.88,11.04) 

0.061 

(Kidney  and  Bladder) 

Officer 

1.86  (0.43,8.16) 

0.409 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

4.20  (0.36,49.46) 

0.254 

10-27 

Malignant  Systemic  Neoplasms 

All 

0.69  (0.38,1.25) 

0.219 

(Prostate) 

Officer 

0.58  (0.27,1.22) 

0.151 

Enlisted  Flyer 

1.54  (0.41,5.75) 

0.521 

Enlisted  Groundcrew 

0.59  (0.19,1.84) 

0.360 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

•  itetr; 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95%  CX) 

p-Value 

10-28 

Malignant  Systemic  Neoplasms 

All 

— 

— 

(Testicles) 

Officer 

— 

- 

Enlisted  Flyer 

- 

— 

Enlisted  Groundcrew 

-- 

- 

10-29 

Malignant  Systemic  Neoplasms 

All 

0.79  (0.05,12.82) 

0.870 

(Connective  and  Other  Soft  Tissues) 

Officer 

- 

— 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

-- 

- 

10-30 

Hodgkin’s  Disease 

All 

0.29  (0.03,3.23) 

0.291 

Officer 

0.47  (0.04,5.86) 

0.554 

Enlisted  Flyer 

— 

- 

Enlisted  Groundcrew 

- 

- 

10-31 

Non-Hodgkin’s  Lymphoma 

All 

0.18(0.01,2.61) 

0.186 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

0.61  (0.02,15.18) 

0.762 

10-32 

Other  Malignant  Systemic  Neoplasms 

All 

0.70  (0.10,5.03) 

0.724 

of  Lymphoid  and  Histiocytic  Tissue 

Officer 

0.69  (0.05,9.34) 

0.781 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

1.57  (0.08,31.01) 

0.767 

10-33 

Malignant  Skin  and  Systemic 

All 

1.06  (0.80,1.41) 

0.668 

Neoplasms 

Officer 

1.14  (0.79,1.65) 

0.470 

Enlisted  Flyer 

1.63  (0.91,2.92) 

0.103 

Enlisted  Groundcrew 

0.78  (0.51,1.19) 

0.247 

10-34 

All  Skin  and  Systemic  Neoplasms 

All 

1.04  (0.83,1.30) 

0.756 

Officer 

1.06  (0.77,1.46) 

0.725 

Enlisted  Flyer 

1.15(0.72,1.84) 

0.557 

Enlisted  Groundcrew 

0.98  (0.72,1.33) 

0.881 

10-36 

PSA 

All 

1.02  (0.64,1.60) 

0.947 

Officer 

1.45  (0.80,2.63) 

0.216 

Enlisted  Flyer 

0.78  (0.32,1.90) 

0.578 

Enlisted  Groundcrew 

0.68  (0.33,1.41) 

0.302 

11-3 

Inflammatory  Diseases 

All 

13.50(1.61,113.13) 

0.002 

Officer 

— 

— 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

6.38  (0.64,63.30) 

0.114 

11-4 

Hereditary  and  Degenerative  Diseases 

All 

1.07  (0.78,1.46) 

0.688 

Officer 

1.13  (0.68,1.89) 

0.635 

Enlisted  Flyer 

1.31  (0.66,2.62) 

0.444 

Enlisted  Groundcrew 

0.92  (0.57,1.48) 

0.737 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref.: 

Clinical  Parameter 

Occupational  Category  !  - 

Adj.  Relative  Risk 
(95%  CX) 

p- Value 

11-5 

Peripheral  Disorders 

All 

1.12(0.89,1.40) 

0.341 

Officer 

1.25  (0.88,1.78) 

0.215 

Enlisted  Flyer 

0.91(0.54,1.54) 

0.733 

Enlisted  Groundcrew 

1.09(0.77,1.54) 

0.622 

11-6 

Other  Neurological  Disorders 

All 

1.25  (0.98,1.59) 

0.078 

Officer 

1.09  (0.65,1.84) 

0.734 

Enlisted  Flyer 

1.33  (0.79,2.21) 

0.283 

Enlisted  Groundcrew 

1.28  (0.92,1.78) 

0.136 

11-7 

Smell 

All 

1.20  (0.60,2.36) 

0.609 

Officer 

0.53  (0.16,1.71) 

0.286 

Enlisted  Flyer 

5.12(0.56,46.70) 

0.148 

Enlisted  Groundcrew 

1.57  (0.58,4.27) 

0.376 

11-8 

Visual  Fields 

All 

0.49  (0.09,2.64) 

0.387 

Officer 

— 

— 

Enlisted  Flyer 

0.48  (0.04,5.78) 

0.566 

Enlisted  Groundcrew 

0.70  (0.06,8.00) 

0.778 

11-9 

Light  Reaction 

All 

0.13(0.02,0.98) 

0.010 

Officer 

— 

— 

Enlisted  Flyer 

0.36  (0.04,3.38) 

0.371 

Enlisted  Groundcrew 

- 

-- 

11-10 

Ocular  Movement 

All 

1.17(0.56,2.42) 

0.675 

Officer 

0.56  (0.11,2.90) 

0.485 

Enlisted  Flyer 

1.76  (0.29,10.81) 

0.543 

Enlisted  Groundcrew 

1.37  (0.54,3.45) 

0.508 

11-11 

Facial  Sensation 

All 

1.38(0.19,9.87) 

0.750 

Officer 

1.45  (0.09,23.48) 

0.792 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

- 

-- 

11-12 

Jaw  Clench 

All 

__ 

_ 

Officer 

— 

— 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

- 

- 

11-13 

Smile 

All 

2.45  (0.71,8.50) 

0.149 

Officer 

0.71  (0.06,7.91) 

0.777 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

3.62  (0.69,19.00) 

0.128 

11-14 

Palpebral  Fissure 

All 

0.71  (0.26,1.94) 

0.502 

Officer 

0.63  (0.12,3.31) 

0.582 

Enlisted  Flyer 

0.87  (0.05,14.32) 

0.921 

Enlisted  Groundcrew 

0.90  (0.25,3.27) 

0.876 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Kef. 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 

<95%  rau) 

p- Value 

11-15 

Balance 

All 

1.38(0.47,4.03) 

0.553 

Officer 

3.37  (0.64,17.73) 

0.151 

Enlisted  Flyer 

__ 

- 

Enlisted  Groundcrew 

0.73  (0.13,4.07) 

0.719 

11-16 

Speech 

All 

0.60(0.18,1.97) 

0.388 

Officer 

0.76  (0.07,8.59) 

0.828 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.66  (0.16,2.63) 

0.551 

11-17 

Tongue  Position  Relative  to  Midline 

All 

_ 

_ 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

-- 

11-18 

Palate  and  Uvula  Movement 

All 

_ 

_ 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

-- 

- 

11-19 

Cranial  Nerve  Index 

All 

1.01  (0.69,1.48) 

0.940 

Officer 

0.88  (0.46,1.68) 

0.694 

Enlisted  Flyer 

1.23  (0.49,3.08) 

0.656 

Enlisted  Groundcrew 

1.05(0.61,1.80) 

0.856 

11-20 

Neck  Range  of  Motion 

All 

1.35(1.06,1.72) 

0.015 

Officer 

1.31  (0.90,1.89) 

0.153 

Enlisted  Flyer 

1.97  (1.13,3.42) 

0.016 

Enlisted  Groundcrew 

1.16(0.78,1.71) 

0.466 

11-21 

Pinprick 

All 

1.19(0.81,1.76) 

0.368 

Officer 

1.28  (0.67,2.43) 

0.451 

Enlisted  Flyer 

1.81  (0.84,3.89) 

0.131 

Enlisted  Groundcrew 

0.85  (0.45,1.60) 

0.618 

11-22 

Light  Touch 

All 

1.13(0.71,1.81) 

0.597 

Officer 

1.67  (0.77,3.61) 

0.193 

Enlisted  Flyer 

1.40  (0.56,3.50) 

0.470 

Enlisted  Groundcrew 

0.67  (0.31,1.47) 

0.321 

11-23 

Muscle  Status 

All 

1.50  (0.93,2.40) 

0.094 

Officer 

0.98  (0.47,2.05) 

0.960 

Enlisted  Flyer 

1.72  (0.63,4.70) 

0.289 

Enlisted  Groundcrew 

2.24(1.01,4.93) 

0.046 

11-24 

Patellar  Reflex 

All 

0.97  (0.56,1.67) 

0.910 

Officer 

1.05  (0.48,2.29) 

0.901 

Enlisted  Flyer 

0.16(0.02,1.32) 

0.089 

Enlisted  Groundcrew 

1.43  (0.61,3.34) 

0.408 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  ( Continued ) 


Table 

Ref: 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

11-25 

Achilles  Reflex 

All 

1.07  (0.84,1.37) 

0.594 

Officer 

1.17  (0.80,1.70) 

0.413 

Enlisted  Flyer 

0.91  (0.51,1.60) 

0.737 

Enlisted  Groundcrew 

1.05  (0.71,1.55) 

0.815 

11-26 

Biceps  Reflex 

All 

1.31  (0.57,3.05) 

0.527 

Officer 

1.13(0.33,3.80) 

0.848 

Enlisted  Flyer 

1.34  (0.18,9.89) 

0.776 

Enlisted  Groundcrew 

1.61  (0.39,6.58) 

0.509 

11-27 

Babinski  Reflex 

All 

0.81  (0.31,2.10) 

0.666 

Officer 

2.16(0.35,13.17) 

0.403 

Enlisted  Flyer 

0.36  (0.04,3.59) 

0.385 

Enlisted  Groundcrew 

0.64  (0.16,2.51) 

0.526 

11-29 

Polyneuropathy  Prevalence  Index 

All 

0.99  (0.76,1.28) 

0.923 

Officer 

1.02  (0.68,1.51) 

0.941 

Enlisted  Flyer 

0.86  (0.48,1.52) 

0.601 

Enlisted  Groundcrew 

1.03  (0.67,1.59) 

0.877 

11-30 

Multiple  Polyneuropathy  Index 

All 

1.51  (0.94,2.45) 

0.092 

Officer 

1.44  (0.69,2.98) 

0.330 

Enlisted  Flyer 

1.77  (0.69,4.56) 

0.234 

Enlisted  Groundcrew 

1.43  (0.60,3.39) 

0.421 

11-31 

Confirmed  Polyneuropathy  Indicator 

All 

2.35  (0.88,6.22) 

0.082 

Officer 

0.51  (0.10,2.59) 

0.414 

Enlisted  Flyer 

__ 

— 

Enlisted  Groundcrew 

8.59  (0.97,76.27) 

0.054 

11-32 

Tremor 

All 

0.90  (0.64,1.28) 

0.564 

Officer 

1.06  (0.59,1.89) 

0.850 

Enlisted  Flyer 

1.14(0.53,2.44) 

0.734 

Enlisted  Groundcrew 

0.72  (0.42,1.21) 

0.212 

11-33 

Coordination 

All 

0.86  (0.48,1.56) 

0.622 

Officer 

1.65  (0.64,4.26) 

0.302 

Enlisted  Flyer 

0.28  (0.03,2.58) 

0.263 

Enlisted  Groundcrew 

0.64  (0.27,1.50) 

0.305 

11-34 

Romberg  Sign 

All 

1.38(0.47,4.03) 

0.553 

Officer 

3.37  (0.64,17.73) 

0.151 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.73  (0.13,4.07) 

0.719 

11-35 

Gait 

All 

1.26  (0.83,1.89) 

0.275 

Officer 

1.01  (0.54,1.89) 

0.972 

Enlisted  Flyer 

1.05(0.43,2.59) 

0.911 

Enlisted  Groundcrew 

1.79  (0.91,3.49) 

0.090 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table  Adj.  Relative  Risk 


Ref. 

llJJlIlllllftClinScal  Parameter  - ;  1 

Occupational  Category 

(95%  C.I.) 

p-Value 

11-36 

CNS  Index 

All 

0.99(0.75,1.31) 

0.957 

Officer 

1.01  (0.64,1.58) 

0.975 

Enlisted  Flyer 

0.92  (0.50,1.70) 

0.799 

Enlisted  Groundcrew 

1.01  (0.67,1.54) 

0.950 

12-3 

Psychoses 

All 

1.03  (0.65,1.63) 

0.905 

Officer 

1.12(0.47,2.71) 

0.796 

Enlisted  Flyer 

1.85  (0.68,5.04) 

0.230 

Enlisted  Groundcrew 

0.76  (0.40,1.47) 

0.423 

12-4 

Alcohol  Dependence 

All 

1.04(0.74,1.48) 

0.816 

Officer 

0.82  (0.43,1.58) 

0.557 

Enlisted  Flyer 

0.94  (0.43,2.04) 

0.871 

Enlisted  Groundcrew 

1.25  (0.76,2.03) 

0.377 

12-5 

Drug  Dependence 

All 

0.58  (0.09,3.74) 

0.553 

Officer 

— 

— 

Enlisted  Flyer 

— 

- 

Enlisted  Groundcrew 

0.78(0.11,5.56) 

0.802 

12-6 

Anxiety 

All 

1.00  (0.82,1.23) 

0.979 

Officer 

0.93  (0.64,1.35) 

0.709 

Enlisted  Flyer 

1.01  (0.63,1.63) 

0.953 

Enlisted  Groundcrew 

1.04  (0.79,1.38) 

0.776 

12-7 

Other  Neuroses 

All 

1.08  (0.90,1.29) 

0.434 

Officer 

0.80  (0.60,1.07) 

0.127 

Enlisted  Flyer 

1.04  (0.66,1.65) 

0.857 

Enlisted  Groundcrew 

1.44(1.09,1.91) 

0.011 

12-8 

SCL-90-R  Anxiety 

All 

0.85  (0.63,1.14) 

0.267 

Officer 

0.75  (0.39,1.46) 

0.400 

Enlisted  Flyer 

0.53(0.27,1.06) 

0.073 

Enlisted  Groundcrew 

1.02  (0.70,1.50) 

0.904 

12-9 

SCL-90-R  Depression 

All 

0.79  (0.61,1.03) 

0.077 

Officer 

0.89  (0.54,1.46) 

0.642 

Enlisted  Flyer 

0.45  (0.24,0.84) 

0.013 

Enlisted  Groundcrew 

0.90  (0.64,1.28) 

0.562 

12-10 

SCL-90-R  Hostility 

All 

0.81  (0.58,1.13) 

0.217 

Officer 

0.71  (0.34,1.49) 

0.367 

Enlisted  Flyer 

0.66  (0.30,1.45) 

0.301 

Enlisted  Groundcrew 

0.90  (0.59,1.39) 

0.642 

12-11 

SCL-90-R  Interpersonal  Sensitivity 

All 

0.79  (0.61,1.02) 

0.070 

Officer 

0.93  (0.55,1.56) 

0.772 

Enlisted  Flyer 

0.52  (0.28,0.93) 

0.029 

Enlisted  Groundcrew 

0.86  (0.61,1.20) 

0.366 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

HH! 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95%  CX) 

i  p*Va!ue  | 

12-12 

SCL-90-R  Obsessive-Compulsive 

All 

0.83  (0.65,1.07) 

0  157 

Behavior 

Officer 

0.95  (0.58,1.54) 

0.824 

Enlisted  Flyer 

0.77  (0.44,1.35) 

0.365 

Enlisted  Groundcrew 

0.81  (0.57,1.14) 

0.225 

12-13 

SCL-90-R  Paranoid  Ideation 

All 

0.98  (0.68,1.40) 

•0.898 

Officer 

0.84  (0.35,2.03) 

0.698 

Enlisted  Flyer 

0.56  (0.23,1.37) 

0.206 

Enlisted  Groundcrew 

1.17(0.76,1.81) 

0.479 

12-14 

SCL-90-R  Phobic  Anxiety 

All 

0.92  (0.68,1.24) 

0.570 

Officer 

0.53  (0.25,1.11) 

0.090 

Enlisted  Flyer 

0.59  (0.29,1.18) 

0.136 

Enlisted  Groundcrew 

1.24  (0.85,1.81) 

0.270 

12-15 

SCL-90-R  Psychoticism 

All 

0.81  (0.62,1.06) 

0.116 

Officer 

0.68  (0.39,1.17) 

0.162 

Enlisted  Flyer 

0.67  (0.36,1.27) 

0.223 

Enlisted  Groundcrew 

0.92  (0.65,1.31) 

0.651 

12-16 

SCL-90-R  Somatization 

All 

1.02  (0.80,1.31) 

0.847 

Officer 

1.02  (0.60,1.74) 

0.948 

Enlisted  Flyer 

0.67  (0.40,1.13) 

0.133 

Enlisted  Groundcrew 

1.22  (0.88,1.70) 

0.232 

12-17 

SCL-90-R  Global  Severity  Index 

All 

0.87  (0.67,1.13) 

0.285 

(GSI) 

Officer 

0.93  (0.54,1.61) 

0.805 

Enlisted  Flyer 

0.57  (0.32,1.04) 

0.066 

Enlisted  Groundcrew 

0.97  (0.70,1.36) 

0.876 

12-18 

SCL-90-R  Positive  Symptom  Total 

All 

0.80  (0.62,1.03) 

0.083 

(PST) 

Officer 

0.80  (0.48,1.33) 

0.382 

Enlisted  Flyer 

0.67  (0.38,1.18) 

0.168 

Enlisted  Groundcrew 

0.86  (0.61,1.20) 

0.365 

12-19 

SCL-90-R  Positive  Symptom  Distress 

All 

1.20  (0.86,1.69) 

0.283 

Index  (PSDI) 

Officer 

1.29  (0.62,2.68) 

0.495 

Enlisted  Flyer 

0.78  (0.36,1.66) 

0.513 

Enlisted  Groundcrew 

1.37  (0.88,2.12) 

0.165 

13-3 

Uncharacterized  Hepatitis 

All 

1.18(0.62,2.26) 

0.617 

Officer 

1.05(0.33,3.35) 

0.935 

Enlisted  Flyer 

1.62  (0.35,7.40) 

0.533 

Enlisted  Groundcrew 

1.13  (0.45,2.85) 

0.795 

13-4 

Jaundice 

All 

0.49  (0.25,0.96) 

0.028 

Officer 

0.46  (0.18,1.17) 

0.103 

Enlisted  Flyer 

3.47  (0.36,33.8) 

0.284 

Enlisted  Groundcrew 

0.29  (0.08,1.03) 

0.055 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

1 1 1  Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p- Value 

13-5 

Chronic  Liver  Disease  and  Cirrhosis 

All 

6.93  (0.60,1.45) 

0.762 

(Alcohol-related) 

Officer 

1.50  (0.71,3.19) 

0.290 

Enlisted  Flyer 

0.70  (0.26,1.88) 

0.474 

Enlisted  Groundcrew 

0.75  (0.39,1.45) 

0.390 

13-6 

Chronic  Liver  Disease  and  Cirrhosis 

All 

1.43  (0.68,3.03) 

0.348 

(Non-alcohol-related) 

Officer 

2.47  (0.58,10.52) 

0.219 

Enlisted  Flyer 

0.77  (0.13,4.71) 

0.777 

Enlisted  Groundcrew 

1.32  (0.47,3.69) 

0.598 

13-7 

Liver  Abscess  and  Sequelae  of 

All 

1.45  (0.09,23.24) 

0.795 

Chronic  Liver  Disease 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

13-8 

Enlarged  Liver  (Hepatomegaly) 

All 

0.73  (0.38,1.41) 

0.339 

Officer 

0.78  (0.26,2.36) 

0.662 

Enlisted  Flyer 

2.53  (0.62,10.38) 

0.198 

Enlisted  Groundcrew 

0.29  (0.08,1.03) 

0.057 

13-9 

Other  Liver  Disorders 

All 

1.19(0.97,1.45) 

0.090 

Officer 

1.15  (0.83,1.57) 

0.400 

Enlisted  Flyer 

0.98  (0.60,1.61) 

0.933 

Enlisted  Groundcrew 

1.31  (0.98,1.75) 

0.073 

13-10 

Current  Hepatomegaly 

All 

2.13(0.80,5.67) 

0.127 

Officer 

3.17(0.57,17.56) 

0.387 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

1.18(0.31,4.51) 

0.805 

13-12 

AST 

All 

1.14(0.81,1.61) 

0.448 

Officer 

1.09  (0.63,1.89) 

0.763 

Enlisted  Flyer 

0.84  (0.36,1.92) 

0.671 

Enlisted  Groundcrew 

1.35  (0.81,2.28) 

0.252 

13-14 

ALT 

All 

1.12(0.80,1.57) 

0.495 

Officer 

1.58(0.86,2.89) 

0.138 

Enlisted  Flyer 

0.97  (0.46,2.01) 

0.927 

Enlisted  Groundcrew 

0.97  (0.60,1.57) 

0.889 

13-16 

GGT 

All 

1.08  (0.80,1.45) 

0.604 

Officer 

1.24  (0.75,2.06) 

0.399 

Enlisted  Flyer 

1.39  (0.73,2.65) 

0.310 

Enlisted  Groundcrew 

0.86  (0.55,1.35) 

0.512 

13-18 

Alkaline  Phosphatase 

All 

1.34  (0.74,2.42) 

0.332 

Officer 

0.45  (0.14,1.41) 

0.172 

Enlisted  Flyer 

2.03  (0.56,7.40) 

0.284 

Enlisted  Groundcrew 

2.46  (0.99,6.13) 

0.053 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

itHiii 

Clinical  Parameter 

Occupational  Category 

Adj*  Relative  Risk 
{95%  CL) 

13-20 

Total  Bilirubin 

All 

0.86(0.58,1.25) 

0.420 

Officer 

0.90  (0.52,1.57) 

0.723 

Enlisted  Flyer 

1.15(0.43,3.08) 

0.779 

Enlisted  Groundcrew 

0.71  (0.38,1.33) 

0.286 

13-21 

Direct  Bilirubin 

All 

0.32  (0.04,2.82) 

0.254 

Officer 

0.50  (0.05,4.90) 

0.551 

Enlisted  Flyer 

- 

— 

Enlisted  Groundcrew 

- 

- 

13-23 

Lactic  Dehydrogenase 

All 

0.90  (0.67,1.21) 

0.479 

Officer 

0.86  (0.54,1.37) 

0.530 

Enlisted  Flyer 

1.03  (0.47,2.24) 

0.945 

Enlisted  Groundcrew 

0.90  (0.58,1.39) 

0.625 

13-25 

Cholesterol 

All 

1.04  (0.82,1.34) 

0.726 

Officer 

0.80  (0.53,1.23) 

0.312 

Enlisted  Flyer 

1.00  (0.54,1.83) 

0.993 

Enlisted  Groundcrew 

1.28  (0.90,1.82) 

0.167 

13-27 

HDL  Cholesterol 

All 

1.13(0.81,1.57) 

0.473 

Officer 

1.15(0.62,2.15) 

0.650 

Enlisted  Flyer 

0.98  (0.47,2.04) 

0.957 

Enlisted  Groundcrew 

1.18(0.74,1.87) 

0.483 

13-29 

Cholesterol-HDL  Ratio 

All 

1.01  (0.85,1.22) 

0.878 

Officer 

1.09  (0.81,1.47) 

0.563 

Enlisted  Flyer 

0.67  (0.43,1.04) 

0.075 

Enlisted  Groundcrew 

1.11  (0.85,1.45) 

0.436 

13-31 

Triglycerides 

All 

1.12(0.90,1.39) 

0.318 

Officer 

1.10(0.76,1.58) 

0.628 

Enlisted  Flyer 

0.66  (0.39,1.12) 

0.123 

Enlisted  Groundcrew 

1.37  (1.00,1.88) 

0.047 

13-33 

Creatine  Phosphokinase 

All 

0.87  (0.63,1.20) 

0.390 

Officer 

0.84  (0.50,1.41) 

0.519 

Enlisted  Flyer 

0.55  (0.21,1.41) 

0.210 

Enlisted  Groundcrew 

1.00  (0.63,1.58) 

0.998 

13-35 

Serum  Amylase 

All 

0.91  (0.54,1.54) 

0.733 

Officer 

0.43  (0.18,1.03) 

0.058 

Enlisted  Flyer 

1.66  (0.36,7.69) 

0.514 

Enlisted  Groundcrew 

1.60  (0.73,3.50) 

0.240 

13-36 

Antibodies  for  Hepatitis  A 

All 

0.93  (0.76,1.12) 

0.434 

Officer 

0.95  (0.68,1.31) 

0.739 

Enlisted  Flyer 

1.07  (0.69,1.68) 

0.754 

Enlisted  Groundcrew 

0.85  (0.64,1.14) 

0.285 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Occupational  Category 

Adj,  Relative  Risk 

if t: 

p- Value 

13-37 

Prior  Hepatitis  B 

All 

0.59  (0.44,0.80) 

<0.001 

Officer 

0.47  (0.25,0.91) 

0.024 

Enlisted  Flyer 

0.58(0.31,1.07) 

0.079 

Enlisted  Groundcrew 

0.66  (0.44,0.97) 

0.035 

13-38 

Current  Hepatitis  B 

All 

0.56  (0.05,6.93) 

0.646 

Officer 

- 

- 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.68  (0.06,8.27) 

0.762 

13-39 

Antibodies  for  Hepatitis  C 

All 

0.63  (0.27,1.47) 

0.274 

Officer 

0.36  (0.04,3.27) 

0.367 

Enlisted  Flyer 

0.61  (0.05,6.87) 

0.690 

Enlisted  Groundcrew 

0.73  (0.27,1.98) 

0.532 

13-40 

Stool  Hemoccult 

All 

0.78  (0.49,1.25) 

0.301 

Officer 

0.90  (0.45,1.80) 

0.774 

Enlisted  Flyer 

0.34  (0.07,1.70) 

0.191 

Enlisted  Groundcrew 

0.82  (0.41,1.64) 

0.574 

13-42 

Prealbumin 

All 

1.87  (0.82,4.26) 

0.136 

Officer 

1.03  (0.32,3.29) 

0.962 

Enlisted  Flyer 

1.64  (0.09,28.94) 

0.736 

Enlisted  Groundcrew 

4.27(1.05,17.39) 

0.043 

13-44 

Albumin 

All 

0.45  (0.12,1.65) 

0.200 

Officer 

1.08  (0.24,4.91) 

0.918 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

- 

- 

13-46 

a- 1 -Acid  Glycoprotein 

All 

1.39  (0.88,2.21) 

0.163 

Officer 

0.73  (0.31,1.76) 

0.487 

Enlisted  Flyer 

1.78  (0.64,4.95) 

0.270 

Enlisted  Groundcrew 

1.86  (0.96,3.60) 

0.066 

13-50 

a-2-Macroglobulin 

All 

0.70  (0.42,1.16) 

0.157 

Officer 

0.59  (0.25,1.40) 

0.234 

Enlisted  Flyer 

0.46  (0.15,1.39) 

0.169 

Enlisted  Groundcrew 

1.01  (0.46,2.19) 

0.988 

13-52 

Apolipoprotein  B 

All 

0.85  (0.71,1.02) 

0.073 

Officer 

0.80  (0.61,1.06) 

0.115 

Enlisted  Flyer 

0.53  (0.34,0.82) 

0.005 

Enlisted  Groundcrew 

1.07(0.82,1.40) 

0.603 

13-54 

C3  Complement 

All 

0.79  (0.42,1.50) 

0.474 

Officer 

0.62  (0.23,1.63) 

0.333 

Enlisted  Flyer 

0.27  (0.03,2.33) 

0.233 

Enlisted  Groundcrew 

1.41  (0.54,3.71) 

0.487 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 
Ret  ! 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk  ; 
<95%  Cl) 

p-Vahie 

13-56 

C4  Complement 

All 

1.46  (0.20,10.59) 

0.707 

Officer 

2.85  (0.26,31.68) 

0.394 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

13-58 

Haptoglobin 

All 

1.26(1.04,1.52) 

0.020 

Officer 

1.18(0.85,1.64) 

0.316 

Enlisted  Flyer 

1.27  (0.81,2.01) 

0.295 

Enlisted  Groundcrew 

1.31  (0.99,1.73) 

0.061 

13-60 

Transferrin 

All 

0.71  (0.52,0.97) 

0.027 

Officer 

0.63  (0.38,1.04) 

0.070 

Enlisted  Flyer 

0.83  (0.41,1.68) 

0.601 

Enlisted  Groundcrew 

0.74  (0.47,1.18) 

0.208 

14-3 

Essential  Hypertension 

All 

0.96  (0.79,1.17) 

0.708 

Officer 

0.85  (0.63,1.16) 

0.317 

Enlisted  Flyer 

1.27  (0.79,2.04) 

0.316 

Enlisted  Groundcrew 

0.96  (0.72,1.29) 

0.811 

14-4 

Heart  Disease  (Excluding  Essential 

All 

1.26(1.04,1.53) 

0.018 

Hypertension) 

Officer 

1.21  (0.88,1.66) 

0.238 

Enlisted  Flyer 

2.10(1.28,3.45) 

0.004 

Enlisted  Groundcrew 

1.10(0.83,1.46) 

0.496 

14-5 

Myocardial  Infarction 

All 

1.02  (0.73,1.42) 

0.915 

Officer 

0.86  (0.50,1.46) 

0.567 

Enlisted  Flyer 

1.57  (0.72,3.43) 

0.255 

Enlisted  Groundcrew 

0.99  (0.59,1.67) 

0.975 

14-6 

Stroke  or  Transient  Ischemia  Attack 

All 

1.21  (0.51,2.85) 

0.666 

Officer 

1.18(0.31,4.51) 

0.806 

Enlisted  Flyer 

— 

- 

Enlisted  Groundcrew 

1.80  (0.53,6.06) 

0.345 

14-8 

Systolic  Blood  Pressure 

All 

0.99  (0.79,1.24) 

0.899 

Officer 

0.95  (0.67,1.35) 

0.784 

Enlisted  Flyer 

1.13  (0.66,1.93) 

0.661 

Enlisted  Groundcrew 

0.96  (0.67,1.38) 

0.832 

14-10 

Diastolic  Blood  Pressure 

All 

1.02  (0.67,1.56) 

0.916 

Officer 

1.21  (0.62,2.35) 

0.576 

Enlisted  Flyer 

1.18(0.41,3.37) 

0.760 

Enlisted  Groundcrew 

0.84  (0.44,1.59) 

0.584 

14-11 

Heart  Sounds 

All 

0.71  (0.45,1.13) 

0.139 

Officer 

0.60  (0.28,1.29) 

0.190 

Enlisted  Flyer 

0.65  (0.23,1.84) 

0.419 

Enlisted  Groundcrew 

0.86  (0.42,1.74) 

0.675 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ret 

Clinical  Parameter 

Occupational  Category 

i*  ■  Adj,  Relative  Risk 
(95%  Cl.) 

p-Value 

14-12 

Overall  Electrocardiograph 

All 

0.96  (0.78,1.18) 

0.688 

Officer 

1.07  (0.79,1.47) 

0.655 

Enlisted  Flyer 

1.24  (0.76,2.00) 

0.389 

Enlisted  Groundcrew 

0.76  (0.55,1.05) 

0.095 

14-13 

Right  Bundle  Branch  Block 

All 

0.88  (0.49,1.56) 

0.650 

Officer 

0.89  (0.36,2.22) 

0.807 

Enlisted  Flyer 

1.47  (0.49,4.44) 

0.493 

Enlisted  Groundcrew 

0.55  (0.19,1.59) 

0.271 

14-14 

Left  Bundle  Branch  Block 

All 

0.47  (0.15,1.50) 

0.182 

Officer 

0.21  (0.02,1.76) 

0.150 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.56  (0.11,2.83) 

0.479 

14-15 

Non-Specific  ST-  and  T-Wave 

All 

1.00  (0.79,1.27) 

0.984 

Changes 

Officer 

1.03  (0.71,1.48) 

0.882 

Enlisted  Flyer 

1.22  (0.69,2.14) 

0.495 

Enlisted  Groundcrew 

0.88  (0.60,1.29) 

0.517 

14-16 

Bradycardia 

All 

0.69  (0.41,1.16) 

0.151 

Officer 

0.74  (0.38,1.42) 

0.360 

Enlisted  Flyer 

1.14(0.32,4.09) 

0.846 

Enlisted  Groundcrew 

0.36  (0.10,1.30) 

0.120 

14-17 

Tachycardia 

All 

2.94  (0.69,12.51) 

0.129 

Officer 

- 

- 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

1.54  (0.19,12.63) 

0.685 

14-18 

Arrhythmia 

All 

1.02  (0.69,1.52) 

0.913 

Officer 

1.39  (0.75,2.55) 

0.296 

Enlisted  Flyer 

1.26  (0.54,2.97) 

0.591 

Enlisted  Groundcrew 

0.62  (0.31,1.25) 

0.180 

14-19 

Evidence  of  Prior  Myocardial 

All 

0.90  (0.56,1.43) 

0.649 

Infarction 

Officer 

0.88  (0.43,1.78) 

0.718 

Enlisted  Flyer 

1.02  (0.35,2.96) 

0.972 

Enlisted  Groundcrew 

0.86  (0.40,1.85) 

0.709 

14-20 

ECG:  Other  Diagnoses 

All 

4.67  (0.47,46.79) 

0.153 

Officer 

- 

- 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

3.29  (0.28,38.94) 

0.346 

14-21 

Funduscopic  Examination 

All 

0.92  (0.69,1.22) 

0.562 

Officer 

1.27  (0.79,2.02) 

0.321 

Enlisted  Flyer 

1.06  (0.59,1.91) 

0.852 

Enlisted  Groundcrew 

0.62  (0.39,0.99) 

0.047 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

■  J  BPBT  jpfW  1 1 

Bftffffl 

Ref. 

Clinical  Parameter 

Occupational  Category 

irniMlM  Is 

mMiMi 

14-22 

Carotid  Bruits 

All 

0.94  (0.53,1.65) 

0.823 

Officer 

0.72  (0.26,1.99) 

0.524 

Enlisted  Flyer 

1.94  (0.58,6.46) 

0.283 

Enlisted  Groundcrew 

0.78  (0.33,1.86) 

0.578 

14-23 

Radial  Pulses 

All 

2.85  (0.67,12.16) 

0.143 

Officer 

1.24  (0.16,9.95) 

0.837 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

5.69  (0.54,60.05) 

0.148 

14-24 

Femoral  Pulses 

All 

1.66  (0.79,3.49) 

0.178 

Officer 

1.51  (0.52,4.38) 

0.448 

Enlisted  Flyer 

1.48  (0.27,8.02) 

0.652 

Enlisted  Groundcrew 

2.08  (0.55,7.87) 

0.282 

14-25 

Popliteal  Pulses 

All 

1.04  (0.56,1.90) 

0.911 

Officer 

0.95  (0.35,2.52) 

0.911 

Enlisted  Flyer 

0.99  (0.21,4.82) 

0.995 

Enlisted  Groundcrew 

1.13(0.46,2.79) 

0.784 

14-26 

Dorsalis  Pedis  Pulses 

All 

0.97  (0.69,1.37) 

0.857 

Officer 

1.27  (0.73,2.22) 

0.398 

Enlisted  Flyer 

1.33  (0.62,2.86) 

0.463 

Enlisted  Groundcrew 

0.64  (0.37,1.12) 

0.117 

14-27 

Posterior  Tibial  Pulses 

All 

1.25  (0.84,1.86) 

0.280 

Officer 

1.40  (0.73,2.68) 

0.307 

Enlisted  Flyer 

1.17(0.49,2.78) 

0.724 

Enlisted  Groundcrew 

1.16(0.62,2.16) 

0.649 

14-28 

Leg  Pulses 

All 

1.03  (0.76,1.40) 

0.850 

Officer 

1.30  (0.79,2.16) 

0.306 

Enlisted  Flyer 

1.46  (0.74,2.88) 

0.270 

Enlisted  Groundcrew 

0.71  (0.44,1.14) 

0.158 

14-29 

Peripheral  Pulses 

All 

1.05  (0.77,1.42) 

0.761 

Officer 

1.27  (0.77,2.09) 

0.353 

Enlisted  Flyer 

1.48  (0.75,2.92) 

0.260 

Enlisted  Groundcrew 

0.75  (0.47,1.21) 

0.242 

14-30 

ICVI  Index 

All 

0.99  (0.61,1.60) 

0.958 

Officer 

1.25  (0.57,2.70) 

0.577 

Enlisted  Flyer 

0.50  (0.17,1.51) 

0.218 

Enlisted  Groundcrew 

1.12(0.53,2.39) 

0.764 

15-14 

Prothrombin  Time 

All 

1.13(0.49,2.60) 

0.781 

Officer 

1.29  (0.43,3.91) 

0.650 

Enlisted  Flyer 

-- 

- 

Enlisted  Groundcrew 

1.15  (0.30,4.35) 

0.838 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 
Ref.  } 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p- Value 

15-15 

RBC  Morphology 

All 

1.16(0.82,1.64) 

0.400 

Officer 

1.03  (0.57,1.87) 

0.923 

Enlisted  Flyer 

1.09  (0.52,2.30) 

0.814 

Enlisted  Groundcrew 

1.31  (0.78,2.22) 

0.307 

15-18 

Absolute  Neutrophils  (bands)  (Zero 

All 

0.99  (0.79,1.25) 

0.956 

vs.  Nonzero) 

Officer 

0.74  (0.51,1.09) 

0.134 

Enlisted  Flyer 

1.88(1.08,3.27) 

0.026 

Enlisted  Groundcrew 

0.98  (0.69,1.39) 

0.918 

15-22 

Absolute  Eosinophils  (Zero  vs. 

All 

1.01  (0.77,1.31) 

0.970 

Nonzero) 

Officer 

1.18(0.74,1.87) 

0.489 

Enlisted  Flyer 

0.95  (0.49,1.87) 

0.893 

Enlisted  Groundcrew 

0.92  (0.64,1.34) 

0.674 

15-24 

Absolute  Basophils  (Zero  vs. 

All 

1.16(0.97,1.38) 

0.106 

Nonzero) 

Officer 

1.16(0.88,1.53) 

0.303 

Enlisted  Flyer 

0.87  (0.57,1.34) 

0.529 

Enlisted  Groundcrew 

1.28  (0.98,1.68) 

0.065 

16-3 

Past  Thyroid  Disease 

All 

0.89  (0.64,1.22) 

0.459 

Officer 

0.91  (0.56,1.48) 

0.701 

Enlisted  Flyer 

1.37  (0.64,2.94) 

0.419 

Enlisted  Groundcrew 

0.70  (0.41,1.19) 

0.189 

16-4 

Composite  Diabetes  Indicator 

All 

1.04  (0.81,1.33) 

0.755 

Officer 

1.08  (0.72,1.63) 

0.711 

Enlisted  Flyer 

0.82  (0.45,1.47) 

0.498 

Enlisted  Groundcrew 

1.11  (0.77,1.61) 

0.572 

16-7 

Thyroid  Gland 

All 

0.54  (0.21,1.39) 

0.183 

Officer 

0.53  (0.17,1.67) 

0.276 

Enlisted  Flyer 

1.23  (0.08,19.88) 

0.883 

Enlisted  Groundcrew 

0.38  (0.04,3.39) 

0.384 

16-8 

Testicular  Examination 

All 

1.20  (0.77,1.87) 

0.427 

Officer 

0.84  (0.44,1.62) 

0.611 

Enlisted  Flyer 

1.31  (0.48,3.55) 

0.595 

Enlisted  Groundcrew 

1.96  (0.88,4.39) 

0.101 

16-12 

Thyroxine 

All 

1.04  (0.61,1.80) 

0.875 

Officer 

1.21  (0.57,2.55) 

0.622 

Enlisted  Flyer 

1.24  (0.25,6.24) 

0.796 

Enlisted  Groundcrew 

0.80  (0.32,2.02) 

0.636 

16-13 

Anti-Thyroid  Antibodies 

All 

1.01  (0.32,3.21) 

0.981 

Officer 

0.73  (0.13,4.02) 

0.717 

Enlisted  Flyer 

2.62  (0.24,29.23) 

0.434 

Enlisted  Groundcrew 

0.73  (0.07,8.06) 

0.796 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ret 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 

Ilf; 

p- Value 

16-15 

Fasting  Glucose 

All 

1.07(0.84,1.37) 

0.562 

Officer 

1.11  (0.75,1.64) 

0.611 

Enlisted  Flyer 

0.90  (0.50,1.60) 

0.712 

Enlisted  Groundcrew 

1.12(0.78,1.61) 

0.526 

16-17 

2-Hour  Postprandial  Glucose 

All 

0.98  (0.75,1.30) 

0.912 

Officer 

1.42  (0.92,2.20) 

0.110 

Enlisted  Flyer 

0.81  (0.43,1.54) 

0.526 

Enlisted  Groundcrew 

0.75  (0.48,1.16) 

0.191 

16-18 

Fasting  Urinary  Glucose 

All 

0.98  (0.63,1.52) 

0.924 

Officer 

1.40  (0.61,3.22) 

0.432 

Enlisted  Flyer 

1.13(0.41,3.11) 

0.816 

Enlisted  Groundcrew 

0.77  (0.42,1.43) 

0.412 

16-19 

2-Hour  Postprandial  Urinary  Glucose 

All 

1.22  (0.97,1.53) 

0.094 

Officer 

1.47(1.01,2.14) 

0.044 

Enlisted  Flyer 

0.73  (0.42,1.28) 

0.276 

Enlisted  Groundcrew 

1.26  (0.90,1.76) 

0.180 

16-23 

a-l-C  Hemoglobin 

All 

1.14(0.85,1.53) 

0.373 

Officer 

1.13(0.67,1.90) 

0.652 

Enlisted  Flyer 

0.65  (0.33,1.28) 

0.210 

Enlisted  Groundcrew 

1.43  (0.95,2.16) 

0.087 

16-25 

Total  Testosterone 

All 

1.16(0.83,1.63) 

0.378 

Officer 

1.22  (0.71,2.07) 

0.475 

Enlisted  Flyer 

1.21  (0.50,2.96) 

0.673 

Enlisted  Groundcrew 

1.11  (0.67,1.83) 

0.688 

16-27 

Free  Testosterone 

All 

1.09  (0.54,2.19) 

0.812 

Officer 

1.06  (0.39,2.90) 

0.911 

Enlisted  Flyer 

6.41  (0.74,55.13) 

0.091 

Enlisted  Groundcrew 

0.37  (0.08,1.76) 

0.210 

16-29 

Estradiol 

All 

0.95  (0.78,1.16) 

0.619 

Officer 

0.78  (0.56,1.07) 

0.120 

Enlisted  Flyer 

0.89  (0.56,1.42) 

0.616 

Enlisted  Groundcrew 

1.16(0.87,1.55) 

0.312 

16-31 

LH 

All 

1.02  (0.70,1.50) 

0.907 

Officer 

1.24  (0.70,2.20) 

0.458 

Enlisted  Flyer 

0.86  (0.29,2.55) 

0.782 

Enlisted  Groundcrew 

0.88(0.49,1.59) 

0.674 

16-33 

FSH 

All 

1.04  (0.75,1.45) 

0.794 

Officer 

1.18  (0.74,1.85) 

0.488 

Enlisted  Flyer 

1.49  (0.70,3.17) 

0.297 

Enlisted  Groundcrew 

0.68  (0.37,1.26) 

0.221 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Occupational  Category 

Adj.  Relative  Risk 
(95&CX) 

p-Value 

17-14 

ANA  Test 

All 

1.01  (0.84,1.20) 

0.946 

Officer 

0.95  (0.72,1.27) 

0.736 

Enlisted  Flyer 

1.07  (0.68,1.67) 

0.778 

Enlisted  Groundcrew 

1.04(0.79,1.36) 

0.801 

17-15 

Thyroid  Microsomal  Antibody 

All 

1.02  (0.59,1.75) 

0.947 

Officer 

1.14  (0.51,2.55) 

0.750 

Enlisted  Flyer 

0.75  (0.17,3.19) 

0.692 

Enlisted  Groundcrew 

1.00  (0.43,2.35) 

0.994 

17-16 

MSK  Smooth  Muscle  Antibody 

All 

0.99  (0.75,1.31) 

0.953 

Officer 

1.30  (0.84,2.03) 

0.239 

Enlisted  Flyer 

0.48  (0.24,0.99) 

0.045 

Enlisted  Groundcrew 

1.02  (0.68,1.53) 

0.934 

17-17 

MSK  Mitochondrial  Antibody 

Ail 

2.79  (0.51,15.31) 

0.222 

Officer 

6.58  (0.70,61.53) 

0.098 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

17-18 

MSK  Parietal  Antibody 

All 

1.00  (0.64,1.56) 

0.996 

Officer 

1.36  (0.65,2.87) 

0.416 

Enlisted  Flyer 

0.58  (0.19,1.74) 

0.331 

Enlisted  Groundcrew 

0.97  (0.51,1.85) 

0.920 

17-19 

Rheumatoid  Factor 

All 

0.91  (0.69,1.22) 

0.540 

Officer 

1.09  (0.71,1.68) 

0.692 

Enlisted  Flyer 

0.98(0.51,1.91) 

0.956 

Enlisted  Groundcrew 

0.71  (0.44,1.15) 

0.167 

18-3 

Asthma 

All 

1.36  (0.87,2.10) 

0.175 

Officer 

1.48  (0.74,2.94) 

0.266 

Enlisted  Flyer 

0.45  (0.12,1.74) 

0.247 

Enlisted  Groundcrew 

1.69  (0.89,3.21) 

0.111 

18-4 

Bronchitis 

All 

1.15(0.92,1.43) 

0.213 

Officer 

1.02  (0.70,1.47) 

0.936 

Enlisted  Flyer 

1.61  (0.95,2.71) 

0.075 

Enlisted  Groundcrew 

1.11  (0.81,1.54) 

0.514 

18-5 

Pneumonia 

All 

0.87  (0.66,1.16) 

0.354 

Officer 

0.74  (0.47,1.16) 

0.185 

Enlisted  Flyer 

1.75  (0.85,3.61) 

0.126 

Enlisted  Groundcrew 

0.79  (0.50,1.24) 

0.304 
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Table  G-17.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  1 
(Ranch  Hands  vs.  Comparisons)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Occupational  Category 

Adj,  Relative  Risk 
<95%  C£) 

p*Value 

18-6 

Thorax  and  Lung  Abnormalities 

All 

0.97  (0.71,1.31) 

0.821 

Officer 

1.57  (0.90,2.71) 

0.110 

Enlisted  Flyer 

0.99  (0.53,1.85) 

0.978 

Enlisted  Groundcrew 

0.69  (0.44,1.09) 

0.115 

18-7 

X-ray  Interpretation 

All 

1.23  (0.92,1.64) 

0.158 

Officer 

1.39  (0.87,2.20) 

0.167 

Enlisted  Flyer 

1.16(0.56,2.39) 

0.685 

Enlisted  Groundcrew 

1.14(0.75,1.73) 

0.554 

Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  participants 
with  abnormalities. 
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Table  G-18.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  2  (Ranch  Hands: 
Log2  (Initial  Dioxin)) 


Table 

Kef. 

Clinical  Parameter 

Adj.  Relative  Risk 

(95%  CL) 

;  :p-V|lde:: 

9  3 

Self-perception  of  Health 

0.98(6.79,1.21) 

0.832 

9-4 

Appearance  of  Illness  or  Distress 

0.65  (0.36,1.15) 

0.117 

9-5 

Relative  Age  Appearance 

1.01  (0.77,1.31) 

0.962 

9-7 

Body  Fat 

1.00  (0.85,1.19) 

0.986 

9-9 

Erythrocyte  Sedimentation  Rate 

1.23  (0.94,1.62) 

0.138 

10-3 

Skin  Neoplasms 

0.81  (0.68,0.98) 

0.028 

10-4 

Malignant  Skin  Neoplasms 

0.87  (0.68,1.12) 

0.287 

10-5 

Benign  Skin  Neoplasms 

0.79  (0.64,0.97) 

0.020 

10-6 

Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

0.88  (0.42,1.85) 

0.732 

10-7 

Basal  Cell  Carcinoma  (All  Sites  Combined) 

0.70  (0.53,0.94) 

0.014 

10-8 

Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

0.62  (0.44,0.87) 

0.003 

10-9 

Basal  Cell  Carcinoma  (Trunk) 

1.18  (0.75,1.86) 

0.470 

10-10 

Basal  Cell  Carcinoma  (Upper  Extremities) 

0.56  (0.21,1.51) 

0.219 

10-11 

Basal  Cell  Carcinoma  (Lower  Extremities) 

1.46  (0.50,4.26) 

0.511 

10-12 

Squamous  Cell  Carcinoma 

0.98  (0.52,1.85) 

0.944 

10-13 

Nonmelanoma 

0.79  (0.60,1.03) 

0.075 

10-14 

Melanoma 

1.28  (0.76,2.16) 

0.366 

10-15 

Systemic  Neoplasms  (All  Sites  Combined) 

1.00  (0.84,1.20) 

0.980 

10-16 

Malignant  Systemic  Neoplasms 

0.82  (0.57,1.18) 

0.272 

10-17 

Benign  Systemic  Neoplasms 

0.99  (0.82,1.19) 

0.903 

10-18 

Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

1.16(0.58,2.31) 

0.678 

10-19 

Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 

0.79  (0.27,2.33) 

0.666 

10-20 

Malignant  Systemic  Neoplasms  (Oral  Cavity,  Pharynx,  and  Larynx) 

1.15(0.34,3.88) 

0.822 

10-21 

Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum) 

- 

- 

10-22 

Malignant  Systemic  Neoplasms  (Thyroid  Gland) 

0.12(0.01,2.84) 

0.059 

10-23 

Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 

0.53  (0.21,1.34) 

0.144 

10-24 

Malignant  Systemic  Neoplasms  (Liver) 

2.06  (0.82,5.15) 

0.140 

10-25 

Malignant  Systemic  Neoplasms  (Colon  and  Rectum) 

0.93  (0.42,2.07) 

0.855 

10-26 

Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 

1.05  (0.47,2.38) 

0.899 

10-27 

Malignant  Systemic  Neoplasms  (Prostate) 

0.68  (0.33,1.37) 

0.254 

10-28 

Malignant  Systemic  Neoplasms  (Testicles) 

0.77  (0.22,2.64) 

0.663 

10-29 

Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft  Tissues) 

2.39  (0.68,8.37) 

0.179 

10-30 

Hodgkin’s  Disease 

— 

- 

10-31 

Non-Hodgkin’s  Lymphoma 

- 

- 

10-32 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic 
Tissue 

— 

— 

10-33 

All  Malignant  Skin  and  Systemic  Neoplasms 

0.91  (0.72,1.14) 

0.396 

10-34 

All  Skin  and  Systemic  Neoplasms 

0.90  (0.76,1.07) 

0.244 

10-36 

PSA 

0.61  (0.40,0.93) 

0.014 

11-3 

Inflammatory  Diseases 

0.98  (0.45,2.17) 

0.964 

11-4 

Hereditary  and  Degenerative  Disorders 

1.02  (0.76,1.36) 

0.909 

11-5 

Peripheral  Disorders 

1.09  (0.90,1.32) 

0.400 

11-6 

Other  Neurological  Disorders 

0.99  (0.81,1.20) 

0.922 

11-7 

Smell 

0.83  (0.46,1.50) 

0.534 

11-8 

Visual  Fields 

4.37  (0.84,22.64) 

0.049 

11-9 

Light  Reaction 

- 

- 
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Table  G-18.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin))  (Continued) 


Tablet 
Ref.  j 

Clinical  Parameter 

Adj.  Relative  Risk 
(95%  C.L) 

p»  Value 

11-10 

Ocular  Movement 

0.74  (0.40,1.36) 

0.318 

11-11 

Facial  Sensation 

0.55  (0.06,5.38) 

0.553 

11-12 

Jaw  Clench 

0.59  (0.08,4.24) 

0.562 

11-13 

Smile 

1.50  (0.75,3.02) 

0.274 

11-14 

Palpebral  Fissure 

1.25(0.54,2.93) 

0.613 

11-15 

Balance 

1.65  (0.61,445) 

0.350 

11-16 

Speech 

0.19  (0.02,2.32) 

0.078 

11-17 

Tongue  Position  Relative  to  Midline 

0.59  (0.08,4.24) 

0.562 

11-18 

Palate  and  Uvula  Movement 

0.59  (0.08,4.24) 

0.562 

11-19 

Cranial  Nerve  Index 

0.75  (0.53,1.08) 

0.110 

11-20 

Neck  Range  of  Motion 

0.91  (0.74,1.13) 

0.411 

11-21 

Pinprick 

1.29  (0.92,1.81) 

0.134 

11-22 

Light  Touch 

1.01  (0.65,1.59) 

0.956 

11-23 

Muscle  Status 

0.95  (0.64,1.41) 

0.792 

11-24 

Patellar  Reflex 

1.81  (1.10,2.99) 

0.019 

11-25 

Achilles  Reflex 

1.22  (0.98,1.51) 

0.075 

11-26 

Biceps  Reflex 

0.87  (0.44,1.70) 

0.675 

11-27 

Babinski  Reflex 

1.08  (0.34,3.42) 

0.896 

11-29 

Polyneuropathy  Prevalence  Index 

1.30(1.03,1.65) 

0.029 

11-30 

Multiple  Polyneuropathy  Index 

1.85  (1.20,2.87) 

0.004 

11-31 

Confirmed  Polyneuropathy  Indicator 

1.98(1.19,3.29) 

0.008 

11-32 

Tremor 

1.02  (0.73,1.44) 

0.893 

11-33 

Coordination 

1.18  (0.62,2.24) 

0.632 

11-34 

Romberg  Sign 

1.65  (0.61,4.45) 

0.350 

11-35 

Gait 

1.12(0.79,1.60) 

0.530 

11-36 

CNS  Index 

1.03  (0.80,1.33) 

0.840 

12-3 

Psychoses 

0.82  (0.55,1.23) 

0.338 

12-4 

Alcohol  Dependence 

1.04  (0.77,1.42) 

0.790 

12-5 

Drug  Dependence 

- 

— 

12-6 

Anxiety 

0.91  (0.76,1.09) 

0.302 

12-7 

Other  Neuroses 

0.88  (0.74,1.05) 

0.164 

12-8 

SCL-90-R  Anxiety 

0.73  (0.57,0.95) 

0.016 

12-9 

SCL-90-R  Depression 

0.84  (0.67,1.06) 

0.138 

12-10 

SCL-90-R  Hostility 

0.94  (0.71,1.25) 

0.692 

12-11 

SCL-90-R  Interpersonal  Sensitivity 

0.78  (0.62,0.97) 

0.026 

12-12 

SCL-90-R  Obsessive-Compulsive  Behavior 

0.89  (0.17,1.11) 

0.286 

12-13 

SCL-90-R  Paranoid  Ideation 

0.88  (0.66,1.17) 

0.374 

12-14 

SCL-90-R  Phobic  Anxiety 

0.89  (0.70,1.12) 

0.315 

12-15 

SCL-90-R  Psychoticism 

0.98(0.78,1.22) 

0.838 

12-16 

SCL-90-R  Somatization 

0.76  (0.62,0.94) 

0.010 

12-17 

SCL-90-R  Global  Severity  Index  (GSI) 

0.86  (0.69,1.06) 

0.157 

12-18 

SCL-90-R  Positive  Symptom  Total  (PST) 

0.82  (0.66,1.02) 

0.067 

12-19 

SCL-90-R  Positive  Symptom  Distress  Index  (PSDI) 

0.80  (0.61,1.05) 

0.107 

13-3 

Uncharacterized  Hepatitis 

1.02  (0.58,1.79) 

0.936 

13-4 

Jaundice 

1.01  (0.20,5.08) 

0.995 

13-5 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 

1.06  (0.72,1.57) 

0.765 

13-6 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

1.04  (0.61,1.76) 

0.897 

13-7 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

2.09  (0.61,7.19) 

0.277 

13-8 

Enlarged  Liver  (Hepatomegaly) 

0.91  (0.46,1.80) 

0.790 
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Table  G-18.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  2 
(Ranch  Hands:  Log2  (Initial  Dioxin ))  (Continued) 


Table 
Ref.  | 

Clinical  Parameter 

Adj,  Relative  Risk 
(95%  C.I.) 

p- Value 

13-9 

Other  Liver  Disorders 

1.23  (1.03,1.47) 

0.022 

13-10 

Current  Hepatomegaly 

0.66  (0.30,1.45) 

0.279 

13-12 

AST 

1.13(0.86,1.50) 

0.380 

13-14 

ALT 

1.32(1.00,1.73) 

0.049 

13-16 

GGT 

1.06  (0.82,1.37) 

0.669 

13-18 

Alkaline  Phosphatase 

1.04  (0.61,1.76) 

0.897 

13-20 

Total  Bilirubin 

0.75  (0.46,1.13) 

0.154 

13-21 

Direct  Bilirubin 

_ 

_ 

13-23 

Lactic  Dehydrogenase 

0.98  (0.74.1.30) 

0.889 

13-25 

Cholesterol 

1.23  (0.99,1.52) 

0.062 

13-27 

HDL  Cholesterol 

0.72  (0.53,0.98) 

0.029 

13-29 

Cholesterol-HDL  Ratio 

1.08  (0.91,1.28) 

0.378 

13-31 

Triglycerides 

0.96  (0.80,1.15) 

0.690 

13-33 

Creatine  Phosphokinase 

1.09  (0.82,1.45) 

0.542 

13-35 

Serum  Amylase 

1.04(0.63,1.71) 

0.884 

13-36 

Antibodies  for  Hepatitis  A 

1.02  (0.86,1.22) 

0.813 

13-37 

Evidence  of  Prior  Hepatitis  B 

0.95  (0.74,1.22) 

0.669 

13-38 

Current  Hepatitis  B 

0.39  (0.02,9.42) 

0.497 

13-39 

Antibodies  for  Hepatitis  C 

0.63  (0.23,1.75) 

0.344 

13-40 

Stool  Hemoccult 

0.97  (0.62,1.51) 

0.880 

13-42 

Prealbumin 

1.76  (0.94,3.30) 

0.081 

13-44 

Albumin 

— 

_ 

13-46 

a- 1 -Acid  Glycoprotein 

0.92  (0.63,1.35) 

0.684 

13-50 

a-2-Macroglobulin 

1.48  (0.96,2.27) 

0.072 

13-52 

Apolipoprotein  B 

1.06  (0.90,1.25) 

0.456 

13-54 

C3  Complement 

1.01  (0.39,2.62) 

0.977 

13-56 

C4  Complement 

- 

— 

13-58 

Haptoglobin 

0.98  (0.82,1.16) 

0.785 

13-60 

Transferrin 

0.93  (0.69,1.24) 

0.615 

14-3 

Essential  Hypertension 

1.10(0.91,1.32) 

0.314 

14-4 

Heart  Disease  (Excluding  Essential  Hypertension) 

0.90  (0.75,1.08) 

0.249 

14-5 

Myocardial  Infarction 

1.30  (0.95,1.77) 

0.106 

14-6 

Stroke  or  Transient  Ischemia  Attack 

1.33  (0.72,2.47) 

0.379 

14-8 

Systolic  Blood  Pressure 

0.89  (0.71,1.11) 

0.296 

14-10 

Diastolic  Blood  Pressure 

1.15  (0.80,1.67) 

0.446 

14-11 

Heart  Sounds 

1.28  (0.83,1.98) 

0.266 

14-12 

Overall  Electrocardiograph 

1.14  (0.93,1.39) 

0.200 

14-13 

Right  Bundle  Branch  Block 

1.12(0.62,2.04) 

0.707 

14-14 

Left  Bundle  Branch  Block 

— 

__ 

14-15 

Non-Specific  ST-  and  T-Wave  Changes 

1.15  (0.91,1.44) 

0.237 

14-16 

Bradycardia 

0.98  (0.44,2.22) 

0.971 

14-17 

Tachycardia 

- 

-- 

14-18 

Arrhythmia 

1.00  (0.68,1.48) 

0.981 

14-19 

Evidence  of  Prior  Myocardial  Infarction 

1.84  (1.13,2.99) 

0.012 

14-20 

ECG:  Other  Diagnoses 

- 

- 

14-21 

Funduscopic  Examination 

1.14(0.87,1.50) 

0.342 

14-22 

Carotid  Bruits 

1.15(0.62,2.11) 

0.658 

14-23 

Radial  Pulses 

— 

— 

14-24 

Femoral  Pulses 

1.17(0.61,2.24) 

0.641 
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Table  G-18.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  2 
( Ranch  Hands:  Log2  (Initial  Dioxin ))  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Adj.  Relative  Risk 
(95%  C.L) 

p- Value 

14-25 

Popliteal  Pulses 

0.97  (0.53,1.78) 

0.924 

14-26 

Dorsalis  Pedis  Pulses 

1.11  (0.78,1.57) 

0.561 

14-27 

Posterior  Tibial  Pulses 

1.16(0.81,1.65) 

0.417 

14-28 

Leg  Pulses 

1.13(0.84,1.51) 

0.433 

14-29 

Peripheral  Pulses 

1.06  (0.79,1.41) 

0.718 

14-30 

ICVI  Index 

1.12(0.73,1.72) 

0.604 

15-14 

Prothrombin  Time 

0.72  (0.28,1.85) 

0.470 

15-15 

RBC  Morphology 

1.02  (0.76,1.38) 

0.878 

15-18 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

0.87  (0.70,1.09) 

0.214 

15-22 

Absolute  Eosinophils  (Zero  vs.  Nonzero) 

0.92  (0.73,1.18) 

0.521 

15-24 

Absolute  Basophils  (Zero  vs.  Nonzero) 

0.81  (0.68,0.95) 

0.012 

16-3 

Past  Thyroid  Disease 

1.20  (0.88,1.64) 

0.245 

16-4 

Composite  Diabetes  Indicator 

1.36(1.09,1.69) 

0.005 

16-7 

Thyroid  Gland 

1.01  (0.32,3.17) 

0.981 

16-8 

Testicular  Examination 

1.08  (0.72,1.61) 

0.714 

16-12 

Thyroxine 

1.51  (0.87,2.62) 

0.143 

16-13 

Anti-Thyroid  Antibodies 

1.01  (0.31,3.23) 

0.990 

16-15 

Fasting  Glucose 

1.31  (1.06,1.62) 

0.013 

16-17 

2-Hour  Postprandial  Glucose 

0.99  (0.76,1.29) 

0.940 

16-18 

Fasting  Urinary  Glucose 

1.27  (0.90,1.79) 

0.173 

16-19 

2-Hour  Postprandial  Urinary  Glucose 

0.94  (0.75,1.17) 

0.585 

16-23 

oc-l-C  Hemoglobin 

1.53(1.19,1.96) 

0.001 

16-25 

Total  Testosterone 

1.16(0.87,1.55) 

0.307 

16-27 

Free  Testosterone 

0.41  (0.14,1.18) 

0.051 

16-29 

Estradiol 

1.12(0.94,1.33) 

0.213 

16-31 

LH 

0.97  (0.65,1.43) 

0.873 

16-33 

FSH 

1.11  (0.81,1.53) 

0.508 

17-14 

ANA  Test 

1.04  (0.88,1.24) 

0.622 

17-15 

ANA  Thyroid  Microsomal  Antibody 

0.77  (0.43,1.35) 

0.344 

17-16 

MSK  Smooth  Muscle  Antibody 

0.77  (0.58,1.04) 

0.082 

17-17 

MSK  Mitochondrial  Antibody 

0.10(0.01,4.01) 

0.049 

17-18 

MSK  Parietal  Antibody 

0.93  (0.64,1.35) 

0.694 

17-19 

Rheumatoid  Factor 

0.83  (0.60,1.14) 

0.233 

18-3 

Asthma 

1.22  (0.82,1.82) 

0.328 

18-4 

Bronchitis 

1.07  (0.88,1.30) 

0.510 

18-5 

Pneumonia 

0.85  (0.63,1.14) 

0.274 

18-6 

Thorax  and  Lung  Abnormalities 

1.14(0.86,1.51) 

0.366 

18-7 

X-ray  Interpretation 

0.95  (0.71,1.27) 

0.730 

— :  Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  Ranch  Hands 
with  abnormalities. 

Note:  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3  (Ranch  Hands 
and  Comparisons  by  Dioxin  Category) 


Table 

!||p|'Cltel(»i;  Parameter 

Dioxin  Category 

n  ; 

A4|.  Relative  Risk 
(95%  C.I.) 

p- Value 

9-3 

Self-perception  of  Health 

Comparison 

1,21 1 

Background  RH 

376 

1.13  (0.75,1.72) 

0.555 

Low  RH 

237 

1.62(1.08,2.44) 

0.020 

High  RH 

240 

1.86(1.26,2.74) 

0.002 

Low  plus  High  RH 

477 

1.74(1.27,2.37) 

0.001 

9-4 

Appearance  of  Illness  or 

Comparison 

1,211 

Distress 

Background  RH 

378 

0.76  (0.21,2.80) 

0.684 

Low  RH 

237 

2.31  (0.87,6.11) 

0.092 

High  RH 

241 

1.67  (0.54,5.19) 

0.372 

Low  plus  High  RH 

478 

1.96  (0.84,4.58) 

0.118 

9-5 

Relative  Age  Appearance 

Comparison 

1,211 

Background  RH 

378 

1.42  (0.93,2.16) 

0.102 

Low  RH 

237 

1.11  (0.67,1.82) 

0.691 

High  RH 

241 

1.05  (0.65,1.69) 

0.857 

Low  plus  High  RH 

478 

1.08  (0.74,1.57) 

0.706 

9-7 

Body  Fat 

Comparison 

1,211 

Background  RH 

378 

0.60  (0.45,0.80) 

0.001 

Low  RH 

237 

1.31  (0.97,1.77) 

0.073 

High  RH 

241 

1.12(0.83,1.53) 

0.451 

Low  plus  High  RH 

478 

1.21  (0.97,1.53) 

0.097 

9-9 

Erythrocyte  Sedimentation 

Comparison 

1,211 

Rate 

Background  RH 

376 

1.07  (0.66,1.73) 

0.777 

Low  RH 

237 

1.04(0.61,1.75) 

0.897 

High  RH 

240 

1.36  (0.82,2.26) 

0.237 

Low  plus  High  RH 

477 

1.19(0.80,1.77) 

0.398 

10-3 

Skin  Neoplasms 

Comparison 

1,131 

• 

Background  RH 

358 

1.46(1.13,1.88) 

0.004 

Low  RH 

210 

1.49(1.10,2.04) 

0.011 

High  RH 

229 

1.05  (0.76,1.45) 

0.747 

Low  plus  High  RH 

439 

1.25  (0.98,1.58) 

0.073 

10-4 

Malignant  Skin  Neoplasms 

Comparison 

1,131 

Background  RH 

358 

1.13(0.81,1.58) 

0.476 

Low  RH 

210 

1.45  (0.98,2.14) 

0.062 

High  RH 

229 

1.19(0.76,1.85) 

0.453 

Low  plus  High  RH 

439 

1.30  (0.95,1.80) 

0.104 

10-5 

Benign  Skin  Neoplasms 

Comparison 

1,200 

Background  RH 

377 

1.64(1.25,2.15) 

<0.001 

Low  RH 

233 

1.21  (0.87,1.69) 

0.265 

High  RH 

242 

0.95  (0.67,1.36) 

0.798 

Low  plus  High  RH 

475 

1.07  (0.82,1.39) 

0.603 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  .  '  i-  , '  *•  ~  4  1 1  Adj.  Relative  Risk 


Ref. 

Clinical  Parameter 

\  i  Dioxin  Category  1  t 

n 

(95%  C.L) 

p-Value 

10-6 

Skin  Neoplasms  of  Uncertain 

Comparison 

1,131 

Behavior  or  Unspecified 

Background  RH 

358 

0.92  (0.18,4.75) 

0.921 

Nature 

Low  RH 

210 

1.91  (0.47,7.69) 

0.363 

High  RH 

229 

0.89  (0.18,4.41) 

0.889 

Low  plus  High  RH 

439 

1.28  (0.40,4.14) 

0.675 

10-7 

Basal  Cell  Carcinoma  (All 

Comparison 

1,131 

Sites  Combined) 

Background  RH 

358 

1.16(0.81,1.65) 

0.427 

Low  RH 

210 

1.59(1.06,2.39) 

0.026 

High  RH 

229 

0.99  (0.60,1.64) 

0.979 

Low  plus  High  RH 

439 

1.24  (0.88,1.77) 

0.223 

10-8 

Basal  Cell  Carcinoma  (Ear, 

Comparison 

1,131 

Face,  Head,  and  Neck) 

Background  RH 

358 

1.19(0.80,1.77) 

0.386 

Low  RH 

210 

1.54  (0.98,2.42) 

0.061 

High  RH 

229 

0.95  (0.54,1.67) 

0.846 

Low  plus  High  RH 

439 

1.19(0.80,1.77) 

0.379 

10-9 

Basal  Cell  Carcinoma 

Comparison 

1,131 

(Trunk) 

Background  RH 

358 

0.99  (0.55,1.79) 

0.984 

Low  RH 

210 

1.60  (0.83,3.11) 

0.161 

High  RH 

229 

1.46  (0.63,3.36) 

0.374 

Low  plus  High  RH 

439 

1.53  (0.85,2.73) 

0.153 

10-10 

Basal  Cell  Carcinoma  (Upper 

Comparison 

1,131 

Extremities) 

Background  RH 

358 

0.74  (0.36,1.52) 

0.416 

Low  RH 

210 

0.93  (0.39,2.21) 

0.876 

High  RH 

229 

0.64  (0.18,2.23) 

0.484 

Low  plus  High  RH 

439 

0.77  (0.34,1.71) 

0.518 

10-11 

Basal  Cell  Carcinoma  (Lower 

Comparison 

1,131 

Extremities) 

Background  RH 

358 

1.89  (0.43,8.34) 

0.398 

Low  RH 

210 

0.90  (0.10,8.17) 

0.928 

High  RH 

229 

1.03  (0.12,9.27) 

0.976 

Low  plus  High  RH 

439 

0.97  (0.18,5.16) 

0.971 

10-12 

Squamous  Cell  Carcinoma 

Comparison 

1,131 

Background  RH 

358 

1.53  (0.68,3.45) 

0.306 

Low  RH 

210 

1.52(0.56,4.10) 

0.408 

High  RH 

229 

1.74  (0.53,5.69) 

0.363 

Low  plus  High  RH 

439 

1.63  (0.69,3.82) 

0.262 

10-13 

Nonmelanoma 

Comparison 

1,131 

Background  RH 

358 

1.16(0.82,1.64) 

0.398 

LowRH 

210 

1.43  (0.96,2.13) 

0.081 

High  RH 

229 

1.06  (0.67,1.69) 

0.803 

Low  plus  High  RH 

439 

1.22  (0.88,1.71) 

0.235 

10-14 

Melanoma 

Comparison 

1,131 

Background  RH 

358 

1.56  (0.59,4.16) 

0.373 

Low  RH 

210 

2.17  (0.73,6.48) 

0.164 

High  RH 

229 

2.71  (0.76,9.67) 

0.124 

Low  plus  High  RH 

439 

2.44  (0.96,6.23) 

0.062 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Clinical  Parameter 

Dioxin  Category 

- 1 £  K§  l  ’ 

Adj,  Relative  Risk 
(95%  C*I.) 

p- Value 

10-15 

Systemic  Neoplasms  (All 

Comparison 

1,202 

Sites  Combined) 

Background  RH 

373 

0.76  (0.57,1.03) 

0.076 

Low  RH 

230 

0.98  (0.70,1.38) 

0.927 

High  RH 

239 

0.95  (0.67,1.36) 

0.794 

Low  plus  High  RH 

469 

0.97  (0.73,1.28) 

0.823 

10-16 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms 

Background  RH 

375 

0.73  (0.42,1.29) 

0.279 

Low  RH 

232 

1.94(1.16,3.24) 

0.012 

High  RH 

240 

0.86  (0.41,1.78) 

0.680 

Low  plus  High  RH 

472 

1.28  (0.77,2.13) 

0.345 

10-17 

Benign  Systemic  Neoplasms 

Comparison 

1,202 

Background  RH 

373 

0.89  (0.66,1.22) 

0.479 

Low  RH 

230 

0.86  (0.60,1.23) 

0.400 

High  RH 

239 

1.00  (0.69,1.45) 

0.996 

Low  plus  High  RH 

469 

0.93  (0.69,1.24) 

0.613 

10-18 

Systemic  Neoplasms  of 

Comparison 

1,209 

Uncertain  Behavior  or 

Background  RH 

375 

0.72  (0.30,1.76) 

0.475 

Unspecified  Nature 

Low  RH 

232 

0.85  (0.32,2.26) 

0.744 

High  RH 

240 

0.40  (0.09,1.89) 

0.250 

Low  plus  High  RH 

472 

0.58(0.22,1.58) 

0.288 

10-19 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Eye,  Ear,  Face, 

Background  RH 

375 

0.64  (0.16,2.59) 

0.533 

Head,  and  Neck) 

Low  RH 

232 

1.94  (0.58,6.44) 

0.281 

High  RH 

240 

0.49  (0.06,4.31) 

0.520 

Low  plus  High  RH 

472 

0.96  (0.24,3.82) 

0.956 

10-20 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Oral  Cavity, 

Background  RH 

375 

0.39  (0.04,3.56) 

0.401 

Pharynx,  and  Larynx) 

Low  RH 

232 

1.01  (0.18,5.59) 

0.987 

High  RH 

240 

0.56  (0.06,5.33) 

0.614 

Low  plus  High  RH 

472 

0.75  (0.16,3.59) 

0.719 

10-21 

Malignant  Systemic 

Comparison 

Neoplasms  (Thymus,  Heart, 

Background  RH 

— 

— 

and  Mediastinum) 

Low  RH 

~ 

— 

High  RH 

— 

__ 

Low  plus  High  RH 

-- 

- 

10-22 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Thyroid  Gland) 

Background  RH 

375 

- 

- 

Low  RH 

232 

5.18(0.71,37.60) 

0.104 

High  RH 

240 

— 

- 

Low  plus  High  RH 

472 

- 

-- 

10-23 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Bronchus  and 

Background  RH 

375 

1.52  (0.21,11.09) 

0.678 

Lung) 

Low  RH 

232 

8.67  (1.74,43.23) 

0.008 

High  RH 

240 

-- 

— 

Low  plus  High  RH 

472 

- 

-- 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category )  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Dioxin  Category  f| 

ji  .  n  ■ 

Adj,  Relative  Risk 
(95%  CX) 

p-Value 

10-24 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Liver) 

Background  RH 

375 

— 

__ 

Low  RH 

232 

— 

— 

High  RH 

240 

7.06  (0.70,71.25) 

0.098 

Low  plus  High  RH 

472 

- 

- 

10-25 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Colon  and 

Background  RH 

375 

0.60  (0.06,5.76) 

0.658 

Rectum) 

Low  RH 

232 

3.28  (0.77,13.90) 

0.107 

High  RH 

240 

0.57  (0.05,5.85) 

0.632 

Low  plus  High  RH 

472 

1.34  (0.27,6.56) 

0.717 

10-26 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Kidney  and 

Background  RH 

375 

2.26  (0.49,10.35) 

0.292 

Bladder) 

Low  RH 

232 

4.44(1.04,18.95) 

0.044 

High  RH 

240 

3.26  (0.46,23.17) 

0.237 

Low  plus  High  RH 

472 

3.80  (0.88,16.46) 

0.075 

10-27 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Prostate) 

Background  RH 

375 

0.48  (0.21,1.07) 

0.072 

Low  RH 

232 

0.91  (0.42,1.97) 

0.818 

High  RH 

240 

0.61  (0.19,1.93) 

0.404 

Low  plus  High  RH 

472 

0.75  (0.35,1.60) 

0.453 

10-28 

Malignant  Systemic 

Comparison 

Neoplasms  (Testicles) 

Background  RH 

- 

— 

Low  RH 

~ 

— 

High  RH 

— 

— 

Low  plus  High  RH 

- 

-- 

10-29 

Malignant  Systemic 

Comparison 

1,209 

Neoplasms  (Connective  and 

Background  RH 

375 

— 

— 

Other  Soft  Tissues) 

Low  RH 

232 

— 

— 

High  RH 

240 

3.17  (0.17,57.71) 

0.436 

Low  plus  High  RH 

472 

-- 

- 

10-30 

Hodgkin’s  Disease 

Comparison 

1,209 

Background  RH 

375 

0.55  (0.05,6.15) 

0.624 

Low  RH 

232 

— 

— 

High  RH 

240 

-- 

— 

Low  plus  High  RH 

472 

- 

- 

10-31 

Non-Hodgkin’s  Lymphoma 

Comparison 

1,209 

Background  RH 

375 

0.24  (0.01,4.90) 

0.351 

Low  RH 

232 

— 

— 

High  RH 

240 

— 

— 

Low  plus  High  RH 

472 

-- 

-- 

10-32 

Other  Malignant  Systemic 

Comparison 

1,209 

Neoplasms  of  Lymphoid  and 

Background  RH 

375 

1.90  (0.15,23.45) 

0.618 

Histiocytic  Tissue 

Low  RH 

232 

- 

- 

High  RH 

240 

- 

- 

Low  plus  High  RH 

472 

- 

- 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Adj.  Relative  Risk 


Ref. 

Clinical  Parameter 

Dioxin  Category 

B 

(95%  CX) 

p-Value 

10-33 

All  Malignant  Skin  and 

Comparison 

1,196 

Systemic  Neoplasms 

Background  RH 

372 

.  0.84(0.60,1.20) 

0.339 

Low  RH 

226 

1.51  (1.03,2.21) 

0.035 

High  RH 

239 

1.01  (0.66,1.57) 

0.952 

Low  plus  High  RH 

465 

1.23  (0.88,1.71) 

0.221 

10-34 

All  Skin  and  Systemic 

Comparison 

1,189 

Neoplasms 

Background  RH 

371 

1.01  (0.76,1.33) 

0.956 

Low  RH 

225 

1.15(0.83,1.61) 

0.396 

High  RH 

238 

0.93  (0.67,1.30) 

0.684 

Low  plus  High  RH 

463 

1.04  (0.79,1.35) 

0.799 

10-36 

PSA 

Comparison 

1,151 

Background  RH 

362 

0.76  (0.43,1.37) 

0.368 

Low  RH 

221 

1.42  (0.79,2.56) 

0.246 

High  RH 

234 

1.04  (0.51,2.16) 

0.907 

Low  plus  High  RH 

455 

1.21  (0.71,2.08) 

0.484 

11-3 

Inflammatory  Diseases 

Comparison 

1,203 

Background  RH 

377 

13.28(1.31,135.01) 

0.029 

Low  RH 

238 

13.85(1.20,160.07) 

0.035 

High  RH 

238 

12.43(1.03,149.42) 

0.047 

Low  plus  High  RH 

476 

13.12(1.39,123.67) 

0.024 

11-4 

Hereditary  and  Degenerative 

Comparison 

1,193 

Diseases 

Background  RH 

375 

1.16(0.77,1.76) 

0.474 

Low  RH 

235 

0.92  (0.56,1.52) 

0.736 

High  RH 

236 

1.01  (0.61,1.67) 

0.979 

Low  plus  High  RH 

471 

0.96  (0.65,1.41) 

0.841 

11-5 

Peripheral  Disorders 

Comparison 

1,191 

Background  RH 

372 

0.88  (0.64,1.21) 

0.437 

Low  RH 

235 

1.25  (0.89,1.76) 

0.190 

High  RH 

236 

1.33(0.94,1.90) 

0.111 

Low  plus  High  RH 

471 

1.29  (0.99,1.69) 

0.059 

11-6 

Other  Neurological  Disorders 

Comparison 

1,188 

Background  RH 

372 

1.21  (0.85,1.73) 

0.281 

Low  RH 

235 

1.31  (0.90,1.89) 

0.161 

High  RH 

235 

1.23  (0.85,1.77) 

0.271 

Low  plus  High  RH 

470 

1.27  (0.95,1.69) 

0.106 

11-7 

Smell 

Comparison 

1,191 

Background  RH 

373 

1.04  (0.40,2.73) 

0.929 

Low  RH 

234 

1.57  (0.61,4.06) 

0.353 

High  RH 

235 

0.82  (0.23,2.92) 

0.758 

Low  plus  High  RH 

469 

1.13  (0.48,2.68) 

0.777 

11-8 

Visual  Fields 

Comparison 

1,189 

Background  RH 

375 

0.86  (0.10,7.83) 

0.897 

Low  RH 

235 

-- 

— 

High  RH 

236 

0.57  (0.06,5.52) 

0.629 

Low  plus  High  RH 

471 

-- 

- 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


filial; 

S|l#|- Clinical  Parameter  • : : 

J  |  :  Dioxin  Category  : 

3>S®1 1 1 ' 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value  .. 

11-9 

Light  Reaction 

Comparison 

1,191 

Background  RH 

371 

0.38  (0.05,3.03) 

0.359 

Low  RH 

235 

— 

__ 

High  RH 

235 

~ 

— 

Low  plus  High  RH 

470 

- 

11-10 

Ocular  Movement 

Comparison 

1,193 

Background  RH 

375 

1.18(0.37,3.73) 

0.781 

Low  RH 

235 

1.76  (0.61,5.07) 

0.291 

High  RH 

236 

1.32  (0.45,3.83) 

0.614 

Low  plus  High  RH 

471 

1.52  (0.65,3.55) 

0.328 

11-11 

Facial  Sensation 

Comparison 

1,209 

Background  RH 

376 

1.70  (0.14,19.96) 

0.672 

Low  RH 

238 

2.04(0.18,23.31) 

0.564 

High  RH 

238 

— 

— 

Low  plus  High  RH 

476 

- 

- 

11-12 

Jaw  Clench 

Comparison 

Background  RH 

— 

— 

Low  RH 

— 

~ 

High  RH 

— 

— 

Low  plus  High  RH 

-- 

-- 

11-13 

Smile 

Comparison 

1,210 

Background  RH 

377 

3.14(0.65,15.08) 

0.152 

Low  RH 

238 

2.38  (0.42,13.43) 

0.326 

High  RH 

238 

1.80  (0.30,10.67) 

0.517 

Low  plus  High  RH 

476 

2.07  (0.50,8.57) 

0.315 

11-14 

Palpebral  Fissure 

Comparison 

1,210 

Background  RH 

377 

0.96  (0.26,3.60) 

0.955 

Low  RH 

238 

0.79  (0.17,3.64) 

0.761 

High  RH 

238 

0.35  (0.04,2.84) 

0.324 

Low  plus  High  RH 

476 

0.52  (0.13,2.05) 

0.352 

11-15 

Balance 

Comparison 

1,192 

Background  RH 

375 

2.54  (0.74,8.72) 

0.138 

Low  RH 

235 

0.63  (0.08,5.24) 

0.667 

High  RH 

236 

0.63  (0.07,5.49) 

0.672 

Low  plus  High  RH 

471 

0.63  (0.13,3.11) 

0.567 

11-16 

Speech 

Comparison 

1,193 

Background  RH 

375 

1.09  (0.22,5.46) 

0.919 

Low  RH 

235 

1.38  (0.28,6.71) 

0.688 

High  RH 

236 

- 

- 

Low  plus  High  RH 

471 

-- 

-- 

11-17 

Tongue  Position  Relative  to 

Comparison 

Midline 

Background  RH 

- 

- 

Low  RH 

— 

— 

High  RH 

- 

- 

Low  plus  High  RH 

- 

- 

G-142 


Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table 

Ref. 

Clinical  Parameter 

y  l  |  'i  Dioxin  Category 

n 

Adj,  Relative  Risk 
(95%  CL) 

p-Value 

11-18 

Palate  and  Uvula  Movement 

Comparison 

Background  RH 

— 

— 

Low  RH 

— 

— 

High  RH 

-- 

— 

Low  plus  High  RH 

- 

- 

11-19 

Cranial  Nerve  Index 

Comparison 

1,189 

Background  RH 

366 

1.20  (0.72,2.02) 

0.484 

Low  RH 

232 

1.29  (0.74,2.24) 

0.369 

High  RH 

232 

0.60  (0.30,1.22) 

0.158 

Low  plus  High  RH 

464 

0.88(0.54,1.43) 

0.604 

11-20 

Neck  Range  of  Motion 

Comparison 

1,193 

Background  RH 

375 

1.12(0.80,1.57) 

0.523 

Low  RH 

235 

1.60(1.12,2.29) 

0.010 

High  RH 

236 

1.55(1.05,2.29) 

0.028 

Low  plus  High  RH 

471 

1.57(1.18,2.11) 

0.002 

11-21 

Pinprick 

Comparison 

1,132 

Background  RH 

357 

1.11  (0.63,1.95) 

0.716 

Low  RH 

222 

0.95  (0.51,1.77) 

0.868 

High  RH 

223 

1.55  (0.88,2.73) 

0.126 

Low  plus  High  RH 

445 

1.21  (0.77,1.93) 

0.410 

11-22 

Light  Touch 

Comparison 

1,132 

Background  RH 

357 

1.07(0.54,2.10) 

0.852 

Low  RH 

222 

1.12(0.55,2.27) 

0.751 

High  RH 

223 

1.09  (0.53,2.26) 

0.808 

Low  plus  High  RH 

445 

1.11  (0.64,1.93) 

0.718 

11-23 

Muscle  Status 

Comparison 

1,192 

Background  RH 

375 

1.22  (0.63,2.35) 

0.550 

Low  RH 

235 

1.90  (0.98,3.66) 

0.056 

High  RH 

236 

1.58(0.73,3.39) 

0.242 

Low  plus  High  RH 

471 

1.73  (0.99,3.04) 

0.056 

11-24 

Patellar  Reflex 

Comparison 

1,191 

Background  RH 

375 

0.88  (0.40,1.91) 

0.742 

Low  RH 

234 

0.86  (0.37,2.02) 

0.737 

High  RH 

236 

1.39  (0.60,3.26) 

0.446 

Low  plus  High  RH 

470 

1.10(0.57,2.10) 

0.778 

11-25 

Achilles  Reflex 

Comparison 

1,188 

Background  RH 

374 

0.96  (0.68,1.35) 

0.811 

Low  RH 

235 

0.97  (0.66,1.42) 

0.880 

High  RH 

236 

1.32  (0.89,1.95) 

0.168 

Low  plus  High  RH 

471 

1.13  (0.84,1.52) 

0.416 

11-26 

Biceps  Reflex 

Comparison 

1,192 

Background  RH 

375 

0.27  (0.03,2.13) 

0.213 

Low  RH 

235 

2.52  (0.95,6.70) 

0.064 

High  RH 

236 

1.37  (0.35,5.29) 

0.651 

Low  plus  High  RH 

471 

1.85  (0.73,4.69) 

0.193 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table 
|  "Ref. 

Clinical  Parameter 

i  |  Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  C.I.) 

p- Value 

11-27 

Babinski  Reflex 

Comparison 

1,190 

Background  RH 

375 

1.53  (0.45,5.14) 

0.496 

Low  RH 

235 

0.38  (0.05,3.05) 

0.364 

High  RH 

236 

0.41  (0.05,3.33) 

0.405 

Low  plus  High  RH 

471 

0.40  (0.08,1.85) 

0.239 

11-29 

Polyneuropathy  Prevalence 

Comparison 

1,130 

Index 

Background  RH 

356 

0.83  (0.57,1.20) 

0.315 

Low  RH 

222 

0.86  (0.57,1.30) 

0.484 

High  RH 

223 

1.31  (0.86,1.98) 

0.206 

Low  plus  High  RH 

445 

1.06  (0.77,1.46) 

0.708 

11-30 

Multiple  Polyneuropathy 

Comparison 

1,130 

Index 

Background  RH 

356 

1.37  (0.69,2.72) 

0.366 

Low  RH 

222 

0.96  (0.44,2.10) 

0.914 

High  RH 

223 

2.38(1.18,4.82) 

0.016 

Low  plus  High  RH 

445 

1.51  (0.84,2.71) 

0.165 

11-31 

Confirmed  Polyneuropathy 

Comparison 

1,138 

Indicator 

Background  RH 

355 

0.99  (0.20,4.97) 

0.988 

Low  RH 

223 

1.56  (0.38,6.40) 

0.536 

High  RH 

221 

6.04(1.63,22.42) 

0.007 

Low  plus  High  RH 

444 

3.06(1.02,9.23) 

0.047 

11-32 

Tremor 

Comparison 

1,193 

Background  RH 

375 

1.11  (0.71,1.74) 

0.659 

Low  RH 

235 

0.71  (0.39,1.28) 

0.248 

High  RH 

236 

0.79  (0.44,1.40) 

0.420 

Low  plus  High  RH 

471 

0.75  (0.48,1.16) 

0.194 

11-33 

Coordination 

Comparison 

1,191 

Background  RH 

375 

1.46  (0.71,3.01) 

0.298 

Low  RH 

235 

0.61  (0.21,1.79) 

0.371 

High  RH 

236 

0.42  (0.12,1.42) 

0.161 

Low  plus  High  RH 

471 

0.51  (0.22,1.19) 

0.117 

11-34 

Romberg  Sign 

Comparison 

1,192 

Background  RH 

375 

2.54  (0.74,8.72) 

0.138 

Low  RH 

235 

0.63  (0.08,5.24) 

0.667 

High  RH 

236 

0.63  (0.07,5.49) 

0.672 

Low  plus  High  RH 

471 

0.63  (0.13,3.11) 

0.567 

11-35 

Gait 

Comparison 

1,193 

Background  RH 

375 

1.52  (0.90,2.59) 

0.121 

Low  RH 

235 

0.77  (0.38,1.57) 

0.479 

High  RH 

236 

1.44  (0.76,2.74) 

0.262 

Low  plus  High  RH 

471 

1.06  (0.63,1.78) 

0.832 

11-36 

CNS  Index 

Comparison 

1,192 

Background  RH 

375 

1.24  (0.86,1.77) 

0.249 

Low  RH 

235 

0.67  (0.42,1.09) 

0.105 

High  RH 

236 

0.94  (0.60,1.47) 

0.789 

Low  plus  High  RH 

471 

0.80  (0.56,1.13) 

0.205 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category )  (Continued) 


Table  Adj.  Relative  Risk 


Ref. 

Clinical  Parameter 

Dioxin  Category 

llilliili 

(95%  C.I.) 

p- Value 

12-3 

Psychoses 

Comparison 

1,196 

Background  RH 

376 

0.85  (0.41,1.73) 

0.648 

Low  RH 

236 

1.42  (0.73,2.77) 

0.297 

High  RH 

236 

0.90  (0.45,1.80) 

0.759 

Low  plus  High  RH 

472 

1.13(0.67,1.91) 

0.647 

12-4 

Alcohol  Dependence 

Comparison 

1,196 

Background  RH 

376 

1.04  (0.63,1.69) 

0.888 

Low  RH 

237 

1.11  (0.64,1.91) 

0.714 

High  RH 

238 

1.01  (0.58,1.73) 

0.985 

Low  plus  High  RH 

475 

1.05  (0.69,1.60) 

0.802 

12-5 

Drug  Dependence 

Comparison 

1,196 

Background  RH 

374 

1.37  (0.19,9.67) 

0.755 

Low  RH 

236 

— 

- 

High  RH 

236 

-- 

- 

Low  plus  High  RH 

472 

— 

— 

12-6 

Anxiety 

Comparison 

1,194 

Background  RH 

372 

0.98  (0.74,1.31) 

0.902 

Low  RH 

235 

1.17(0.85,1.60) 

0.343 

High  RH 

235 

0.82  (0.59,1.13) 

0.225 

Low  plus  High  RH 

470 

0.98  (0.77,1.25) 

0.857 

12-7 

Other  Neuroses 

Comparison 

1,187 

Background  RH 

367 

0.89  (0.69,1.14) 

0.368 

Low  RH 

234 

1.37(1.02,1.84) 

0.036 

High  RH 

233 

1.18(0.87,1.61) 

0.286 

Low  plus  High  RH 

467 

1.27(1.01,1.60) 

0.038 

12-8 

SCL-90-R  Anxiety 

Comparison 

1,196 

Background  RH 

374 

0.86  (0.55,1.35) 

0.506 

Low  RH 

236 

1.09  (0.69,1.73) 

0.717 

High  RH 

235 

0.76  (0.48,1.20) 

0.237 

Low  plus  High  RH 

471 

0.91  (0.64,1.29) 

0.595 

12-9 

SCL-90-R  Depression 

Comparison 

1,196 

Background  RH 

374 

0.88  (0.60,1.27) 

0.485 

Low  RH 

236 

0.78  (0.51,1.20) 

0.256 

High  RH 

235 

0.74  (0.49,1.11) 

0.142 

Low  plus  High  RH 

471 

0.76  (0.55,1.04) 

0.087 

12-10 

SCL-90-R  Hostility 

Comparison 

1,196 

Background  RH 

374 

0.86  (0.52,1.40) 

0.536 

Low  RH 

236 

0.80  (0.46,1.40) 

0.440 

High  RH 

235 

0.84  (0.51,1.38) 

0.488 

Low  plus  High  RH 

471 

0.82  (0.55,1.22) 

0.333 

12-11 

SCL-90-R  Interpersonal 

Comparison 

1,196 

Sensitivity 

Background  RH 

374 

0.73  (0.49,1.07) 

0.110 

Low  RH 

236 

0.92  (0.62,1.38) 

0.698 

High  RH 

235 

0.77  (0.53,1.14) 

0.190 

Low  plus  High  RH 

471 

0.84  (0.63,1.14) 

0.270 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table 

Hint 

Clinical  Parameter 

Dioxin  Category 

Adj.  Relative  Risk 

i  Jr  f  pHf  | 

p- Value 

12-12 

SCL-90-R  Obsessive- 

Comparison 

1,196 

Compulsive  Behavior 

Background  RH 

374 

0.84  (0.58,1.21) 

0.340 

Low  RH 

236 

1.01  (0.68,1.50) 

0.948 

High  RH 

235 

0.72  (0.48,1.07) 

0.103 

Low  plus  High  RH 

471 

0.85  (0.63,1.15) 

0.298 

12-13 

SCL-90-R  Paranoid  Ideation 

Comparison 

1,196 

Background  RH 

374 

0.90  (0.51,1.57) 

0.702 

Low  RH 

236 

0.87  (0.47,1.61) 

0.657 

High  RH 

235 

1.16(0.71,1.89) 

0.559 

Low  plus  High  RH 

471 

1.00  (0.65,1.54) 

0.990 

12-14 

SCL-90-R  Phobic  Anxiety 

Comparison 

1,196 

Background  RH 

374 

0.65  (0.40,1.06) 

0.086 

Low  RH 

236 

1.04  (0.65,1.67) 

0.872 

High  RH 

235 

1.11  (0.72,1.70) 

0.647 

Low  plus  High  RH 

471 

1.07  (0.76,1.52) 

0.694 

12-15 

SCL-90-R  Psychoticism 

Comparison 

1,196 

Background  RH 

374 

0.71  (0.47,1.07) 

0.104 

Low  RH 

236 

0.83  (0.53,1.28) 

0.394 

High  RH 

235 

0.95  (0.64,1.40) 

0.786 

Low  plus  High  RH 

471 

0.88(0.65,1.21) 

0.447 

12-16 

SCL-90-R  Somatization 

Comparison 

1,196 

Background  RH 

374 

0.92  (0.63,1.34) 

0.669 

Low  RH 

236 

1.36  (0.93,1.97) 

0.108 

High  RH 

235 

0.92  (0.63,1.33) 

0.643 

Low  plus  High  RH 

471 

1.11  (0.84,1.48) 

0.457 

12-17 

SCL-90-R  Global  Severity 

Comparison 

1,196 

Index  (GSI) 

Background  RH 

374 

0.77  (0.51,1.15) 

0.200 

Low  RH 

236 

1.03  (0.69,1.55) 

0.877 

High  RH 

235 

0.93  (0.64,1.36) 

0.711 

Low  plus  High  RH 

471 

0.98  (0.73,1.32) 

0.897 

12-18 

SCL-90-R  Positive  Symptom 

Comparison 

1,196 

Total  (PST) 

Background  RH 

374 

0.67  (0.45,0.99) 

0.045 

Low  RH 

236 

1.04(0.71,1.54) 

0.830 

High  RH 

235 

0.78  (0.53,1.15) 

0.209 

Low  plus  High  RH 

471 

0.90  (0.67,1.21) 

0.496 

12-19 

SCL-90-R  Positive  Symptom 

Comparison 

1,196 

Distress  Index  (PSDI) 

Background  RH 

374 

1.16(0.70,1.92) 

0.572 

Low  RH 

236 

1.31  (0.77,2.23) 

0.325 

High  RH 

235 

1.38  (0.85,2.23) 

0.191 

Low  plus  High  RH 

471 

1.34  (0.91,1.99) 

0.143 

13-3 

Uncharacterized  Hepatitis 

Comparison 

1,205 

Background  RH 

375 

1.39  (0.59,3.27) 

0.450 

Low  RH 

236 

1.00  (0.34,2.97) 

0.999 

High  RH 

239 

1.04  (0.38,2.89) 

0.932 

Low  plus  High  RH 

475 

1.02  (0.46,2.28) 

0.957 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

■  lltl 

Clinical  Parameter.  •  v 

i  %  f  |  Dioxin  Category  f 

,|i  :r  |;>|' 

Adj.  Relative  Risk 
(95%  CX> 

p- Value 

13-4 

Jaundice 

Comparison 

1,181 

Background  RH 

367 

0.99  (0.49,2.03) 

0.988 

Low  RH 

231 

— 

- 

High  RH 

235 

0.16(0.02,1.20) 

0.075 

Low  plus  High  RH 

466 

- 

-- 

13-5 

Chronic  Liver  Disease  and 

Comparison 

1,146 

Cirrhosis  (Alcohol-related) 

Background  RH 

358 

1.03  (0.56,1.90) 

0.914 

Low  RH 

225 

0.95  (0.48,1.91) 

0.894 

High  RH 

219 

0.88  (0.43,1.81) 

0.734 

Low  plus  High  RH 

444 

0.92  (0.54,1.57) 

0.755 

13-6 

Chronic  Liver  Disease  and 

Comparison 

1,211 

Cirrhosis  (Non-alcohol- 

Background  RH 

378 

1.89  (0.68,5.25) 

0.223 

related) 

Low  RH 

238 

1.15(0.32,4.12) 

0.829 

High  RH 

241 

1.37  (0.47,4.00) 

0.568 

Low  plus  High  RH 

479 

1.26  (0.51,3.12) 

0.625 

13-7 

Liver  Abscess  and  Sequelae 

Comparison 

1,212 

of  Chronic  Liver  Disease 

Background  RH 

378 

- 

- 

Low  RH 

238 

— 

- 

High  RH 

241 

7.76  (0.38,158.28) 

0.183 

Low  plus  High  RH 

479 

- 

- 

13-8 

Enlarged  Liver 

Comparison 

1,210 

(Hepatomegaly) 

Background  RH 

378 

0.80  (0.32,2.01) 

0.630 

Low  RH 

238 

0.35  (0.08,1.51) 

0.159 

High  RH 

240 

1.09  (0.42,2.79) 

0.864 

Low  plus  High  RH 

478 

0.62  (0.25,1.54) 

0.302 

13-9 

Other  Liver  Disorders 

Comparison 

1,201 

Background  RH 

375 

1.13(0.86,1.49) 

0.371 

Low  RH 

237 

1.05  (0.76,1.45) 

0.757 

High  RH 

241 

1.52(1.11,2.08) 

0.009 

Low  plus  High  RH 

478 

1.27(1.00,1.62) 

0.055 

13-10 

Current  Hepatomegaly 

Comparison 

1,193 

Background  RH 

374 

1.64  (0.40,6.69) 

0.489 

Low  RH 

235 

2.26  (0.57,9.01) 

0.247 

High  RH 

239 

2.62  (0.70,9.84) 

0.154 

Low  plus  High  RH 

474 

2.44  (0.82,7.24) 

0.109 

13-12 

AST 

Comparison 

1,193 

Background  RH 

374 

0.70  (0.40,1.22) 

0.212 

Low  RH 

235 

1.28  (0.75,2.18) 

0.360 

High  RH 

238 

1.79(1.08,2.96) 

0.024 

Low  plus  High  RH 

473 

1.51  (1.02,2.26) 

0.041 

13-14 

ALT 

Comparison 

1,193 

Background  RH 

374 

0.71  (0.41,1.23) 

0.223 

Low  RH 

235 

1.30  (0.77,2.18) 

0.323 

High  RH 

238 

1.53  (0.95,2.45) 

0.080 

Low  plus  High  RH 

473 

1.41  (0.96,2.07) 

0.079 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

uni  i 

Clinical  Parameter 

Dioxin  Category 

fl  j  p|  . 

Adj.  Relative  Risk 
<95%  CX) 

p«Value 

13-16 

got 

Comparison 

1,193 

Background  RH 

374 

0.77  (0.48,1.23) 

0.273 

Low  RH 

235 

1.42  (0.91,2.22) 

0.127 

High  RH 

238 

1.35  (0.86,2.11) 

0.186 

Low  plus  High  RH 

473 

1.38(0.98,1.95) 

0.065 

13-18 

Alkaline  Phosphatase 

Comparison 

1,193 

Background  RH 

375 

1.85  (0.88,3.90) 

0.104 

Low  RH 

235 

0.91  (0.31,2.71) 

0.871 

High  RH 

239 

1.23  (0.44,3.41) 

0.688 

Low  plus  High  RH 

474 

1.06  (0.48,2.37) 

0.883 

13-20 

Total  Bilirubin 

Comparison 

1,193 

Background  RH 

374 

0.88  (0.53,1.47) 

0.619 

Low  RH 

235 

1.03  (0.58,1.84) 

0.919 

High  RH 

238 

0.59  (0.27,1.27) 

0.175 

Low  plus  High  RH 

473 

0.78  (0.47,1.29) 

0.331 

13-21 

Direct  Bilirubin 

Comparison 

1,193 

Background  RH 

374 

1.09  (0.12,10.31) 

0.937 

Low  RH 

235 

— 

- 

High  RH 

238 

- 

- 

Low  plus  High  RH 

473 

- 

-- 

13-23 

Lactic  Dehydrogenase 

Comparison 

1,191 

Background  RH 

374 

1.07  (0.72,1.61) 

0.729 

Low  RH 

235 

0.80  (0.48,1.31) 

0.366 

High  RH 

238 

0.81  (0.49,1.34) 

0.416 

Low  plus  High  RH 

473 

0.80  (0.55,1.17) 

0.255 

13-25 

Cholesterol 

Comparison 

1,193 

Background  RH 

374 

0.85  (0.60,1.21) 

0.379 

Low  RH 

235 

1.01  (0.68,1.51) 

0.964 

High  RH 

238 

1.41  (0.97,2.04) 

0.071 

Low  plus  High  RH 

473 

1.19(0.89,1.60) 

0.240 

13-27 

HDL  Cholesterol 

Comparison 

1,192 

Background  RH 

374 

1.57(1.00,2.45) 

0.049 

Low  RH 

234 

1.09  (0.64,1.84) 

0.761 

High  RH 

238 

0.80  (0.47,1.37) 

0.416 

Low  plus  High  RH 

472 

0.93  (0.62,1.40) 

0.731 

13-29 

Cholesterol-HDL  Ratio 

Comparison 

1,192 

Background  RH 

374 

LOO  (0.77,1.28) 

0.982 

Low  RH 

234 

0.83  (0.61,1.12) 

0.221 

High  RH 

238 

1.26  (0.93,1.69) 

0.133 

Low  plus  High  RH 

472 

1.02  (0.82,1.28) 

0.849 

13-31 

Triglycerides 

Comparison 

1,193 

Background  RH 

373 

0.79  (0.56,1.10) 

0.161 

Low  RH 

235 

1.24(0.88,1.76) 

0.215 

High  RH 

238 

1.55  (1.12,2.15) 

0.009 

Low  plus  High  RH 

473 

1.39(1.07,1.80) 

0.012 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ret 

Clinical  Parameter 

Dioxin  Category 

;  «  St  *  JL  *  i 

• 

n 

! 

Adj.  Relative  Risk 
(95%  CX) 

p- Value 

13-33 

Creatine  Phosphokinase 

Comparison 

1,193 

Background  RH 

374 

0.75  (0.46,1.20) 

0.227 

Low  RH 

235 

0.80  (0.47,1.35) 

0.402 

High  RH 

238 

1.20  (0.73,1.98) 

0.465 

Low  plus  High  RH 

473 

0.98  (0.67,1.45) 

0.923 

13-35 

Serum  Amylase 

Comparison 

1,193 

Background  RH 

374 

0.53  (0.24,1.16) 

0.112 

Low  RH 

235 

1.37  (0.67,2.77) 

0.387 

High  RH 

238 

1.02  (0.41,2.59) 

0.959 

Low  plus  High  RH 

473 

1.18(0.63,2.21) 

0.602 

13-36 

Antibodies  for  Hepatitis  A 

Comparison 

1,211 

Background  RH 

378 

0.92  (0.70,1.21) 

0.561 

Low  RH 

238 

0.92  (0.67,1.25) 

0.577 

High  RH 

241 

0.96  (0.70,1.32) 

0.787 

Low  plus  High  RH 

479 

0.94  (0.74,1.19) 

0.588 

13-37 

Evidence  of  Prior  Hepatitis  B 

Comparison 

1,210 

Background  RH 

378 

0.50  (0.31,0.80) 

0.004 

Low  RH 

237 

0.71  (0.45,1.12) 

0.143 

High  RH 

241 

0.59  (0.37,0.92) 

0.021 

Low  plus  High  RH 

478 

0.65  (0.46,0.91) 

0.012 

13-38 

Current  Hepatitis  B 

Comparison 

1,212 

Background  RH 

378 

- 

- 

Low  RH 

238 

1.94  (0.14,26.64) 

0.622 

High  RH 

241 

- 

- 

Low  plus  High  RH 

479 

- 

- 

13-39 

Antibodies  for  Hepatitis  C 

Comparison 

1,212 

Background  RH 

378 

0.87  (0.28,2.73) 

0.816 

Low  RH 

238 

0.54  (0.12,2.40) 

0.415 

High  RH 

241 

0.50  (0.11,2.23) 

0.359 

Low  plus  High  RH 

479 

0.52  (0.17,1.57) 

0.243 

13-40 

Stool  Hemoccult 

Comparison 

1,161 

Background  RH 

363 

0.63  (0.31,1.28) 

0.201 

Low  RH 

231 

1.08  (0.55,2.13) 

0.822 

High  RH 

230 

0.86  (0.39,1.90) 

0.705 

Low  plus  High  RH 

461 

0.96  (0.55,1.68) 

0.895 

13-42 

Prealbumin 

Comparison 

1,193 

Background  RH 

374 

1.74  (0.61,5.01) 

0.302 

Low  RH 

235 

0.49  (0.06,3.93) 

0.506 

High  RH 

238 

4.34(1.25,15.05) 

0.021 

Low  plus  High  RH 

473 

1.48  (0.41,5.32) 

0.552 

13-44 

Albumin 

Comparison 

1,193 

Background  RH 

374 

0.67  (0.14,3.20) 

0.611 

Low  RH 

235 

- 

- 

High  RH 

238 

- 

- 

Low  plus  High  RH 

473 

-- 

— 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  CX) 

p-Value 

13-46 

a- 1  -Acid  Glycoprotein 

Comparison 

1,193 

Background  RH 

374 

1.12(0.58,2.16) 

0.745 

Low  RH 

235 

1.47  (0.73,2.94) 

0.279 

High  RH 

238 

1.54  (0.77,3.08) 

0.222 

Low  plus  High  RH 

473 

1.50  (0.88,2.58) 

0.138 

13-50 

a- 2-Macroglobulin 

Comparison 

1,193 

Background  RH 

374 

0.45  (0.19,1.10) 

0.079 

Low  RH 

235 

0.61  (0.27,1.40) 

0.246 

High  RH 

238 

1.09  (0.51,2.31) 

0.823 

Low  plus  High  RH 

473 

0.82  (0.45,1.49) 

0.511 

13-52 

Apolipoprotein  B 

Comparison 

1,193 

Background  RH 

374 

0.79  (0.62,1.00) 

0.050 

Low  RH 

235 

0.82  (0.62,1.09) 

0.164 

High  RH 

238 

0.97  (0.73,1.30) 

0.849 

Low  plus  High  RH 

473 

0.89  (0.72,1.11) 

0.305 

13-54 

C3  Complement 

Comparison 

1,193 

Background  RH 

374 

1.25  (0.61,2.57) 

0.536 

Low  RH 

235 

0.21  (0.03,1.57) 

0.128 

High  RH 

238 

0.49  (0.11,2.17) 

0.351 

Low  plus  High  RH 

473 

0.32  (0.09,1.16) 

0.083 

13-56 

C4  Complement 

Comparison 

1,193 

Background  RH 

374 

2.99  (0.40,22.39) 

0.286 

Low  RH 

235 

- 

— 

High  RH 

238 

— 

— 

Low  plus  High  RH 

473 

-- 

-- 

13-58 

Haptoglobin 

Comparison 

1,193 

Background  RH 

374 

1.32(1.01,1.72) 

0.042 

Low  RH 

235 

1.25  (0.92,1.69) 

0.160 

High  RH 

238 

1.15(0.84,1.56) 

0.382 

Low  plus  High  RH 

473 

1.19(0.95,1.51) 

0.136 

13-60 

Transferrin 

Comparison 

1,193 

Background  RH 

374 

0.73  (0.48,1.11) 

0.142 

Low  RH 

235 

0.78  (0.49,1.26) 

0.311 

High  RH 

238 

0.57  (0.32,0.99) 

0.045 

Low  plus  High  RH 

473 

0.66  (0.45,0.98) 

0.039 

14-3 

Essential  Hypertension 

Comparison 

1,145 

Background  RH 

356 

0.87  (0.66,1.14) 

0.320 

Low  RH 

217 

0.87  (0.63,1.20) 

0.395 

High  RH 

235 

1.27  (0.93,1.74) 

0.131 

Low  plus  High  RH 

452 

1.06  (0.84,1.35) 

0.624 

14-4 

Heart  Disease  (Excluding 

Comparison 

1,155 

Essential  Hypertension) 

Background  RH 

360 

1.34(1.03,1.75) 

0.032 

Low  RH 

221 

1.33  (0.96,1.84) 

0.081 

High  RH 

236 

1.03  (0.76,1.40) 

0.865 

Low  plus  High  RH 

457 

1.16(0.92,1.48) 

0.209 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  ( Continued ) 


Table  ||j  g  jj  JlljJ  1  j|f|  %  J $ f  I  |  |®  §  |  §j|  |  §j|  j  j||l|| ;  :|g|fj  |||  |J|||  I  Adj.  Relative  Risk 


Ref: 

lit  ill  Clinical  Parameter  - 

Dioxin  Category 

.if.  |  Jn,  ■  '  j 

(95%  C£)  '|| 

p-Value 

14-5 

Myocardial  Infarction 

Comparison 

1,155 

Background  RH 

360 

0.89  (0.55,1.43) 

0.625 

Low  RH 

221 

0.84  (0.49,1.46) 

0.544 

High  RH 

236 

1.39  (0.83,2.32) 

0.215 

Low  plus  High  RH 

457 

1.09  (0.73,1.63) 

0.673 

14-6 

Stroke  or  Transient  Ischemia 

Comparison 

1,155 

Attack 

Background  RH 

360 

0.97  (0.30,3.16) 

0.956 

Low  RH 

221 

0.42  (0.05,3.26) 

0.404 

High  RH 

236 

2.65  (0.83,8.46) 

0.100 

Low  plus  High  RH 

457 

1.08  (0.32,3.71) 

0.900 

14-8 

Systolic  Blood  Pressure 

Comparison 

1,155 

Background  RH 

360 

1.00  (0.73,1.37) 

0.983 

Low  RH 

221 

1.12(0.79,1.59) 

0.532 

High  RH 

236 

0.84  (0.57,1.23) 

0.365 

Low  plus  High  RH 

457 

0.96  (0.73,1.27) 

0.791 

14-10 

Diastolic  Blood  Pressure 

Comparison 

1,155 

Background  RH 

360 

0.78  (0.41,1.48) 

0.449 

Low  RH 

221 

0.91  (0.45,1.83) 

0.792 

High  RH 

236 

1.46  (0.80,2.68) 

0.221 

Low  plus  High  RH 

457 

1.16(0.71,1.91) 

0.551 

14-11 

Heart  Sounds 

Comparison 

1,155 

Background  RH 

360 

0.45  (0.21,0.97) 

0.041 

Low  RH 

221 

0.80  (0.39,1.61) 

0.528 

High  RH 

236 

1.05  (0.52,2.11) 

0.901 

Low  plus  High  RH 

457 

0.92  (0.54,1.56) 

0.750 

14-12 

Overall  Electrocardiograph 

Comparison 

1,155 

Background  RH 

360 

1.00  (0.76,1.32) 

0.980 

Low  RH 

221 

0.73  (0.52,1.02) 

0.063 

High  RH 

236 

1.10(0.78,1.54) 

0.578 

Low  plus  High  RH 

457 

0.90  (0.70,1.16) 

0.423 

14-13 

Right  Bundle  Branch  Block 

Comparison 

1,155 

Background  RH 

360 

1.04  (0.47,2.29) 

0.920 

Low  RH 

221 

0.55  (0.19,1.60) 

0.273 

High  RH 

236 

1.19(0.49,2.88) 

0.704 

Low  plus  High  RH 

457 

0.82  (0.39,1.71) 

0.594 

14-14 

Left  Bundle  Branch  Block 

Comparison 

1,155 

Background  RH 

360 

0.87  (0.23,3.33) 

0.838 

Low  RH 

221 

0.37  (0.05,2.91) 

0.341 

High  RH 

236 

-- 

-- 

Low  plus  High  RH 

457 

— 

— 

14-15 

Non-Specific  ST-  and 

Comparison 

1,155 

T-Wave  Changes 

Background  RH 

360 

0.82  (0.58,1.15) 

0.242 

Low  RH 

221 

0.91  (0.62,1.32) 

0.614 

High  RH 

236 

1.26  (0.86,1.84) 

0.238 

Low  plus  High  RH 

457 

1.07  (0.80,1.43) 

0.628 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table  Adj,  Relative  Risk 


Ret 

Clinical  Parameter 

Dioxin  Category 

:  Jl  |  fli  : 

(9 CL) 

p-Value 

14-16 

Bradycardia 

Comparison 

1,155 

Background  RH 

360 

0.81  (0.44,1.49) 

0.497 

Low  RH 

221 

0.49  (0.17,1.40) 

0.183 

High  RH 

236 

0.35  (0.08,1.50) 

0.156 

Low  plus  High  RH 

457 

0.41  (0.16,1.05) 

0.062 

14-17 

Tachycardia 

Comparison 

1,155 

Background  RH 

360 

2.01  (0.16,24.61) 

0.585 

Low  RH 

221 

— 

— 

High  RH 

236 

8.10(1.19,55.01) 

0.032 

Low  plus  High  RH 

457 

- 

- 

14-18 

Arrhythmia 

Comparison 

1,155 

Background  RH 

360 

0.87  (0.49,1.57) 

0.647 

Low  RH 

221 

1.17(0.65,2.11) 

0.596 

High  RH 

236 

1.10(0.56,2.12) 

0.774 

Low  plus  High  RH 

457 

1.13  (0.70,1.83) 

0.604 

14-19 

Evidence  of  Prior  Myocardial 

Comparison 

1,155 

Infarction 

Background  RH 

360 

0.69  (0.34,1.37) 

0.285 

Low  RH 

221 

0.79  (0.39,1.61) 

0.524 

High  RH 

236 

1.11  (0.52,2.36) 

0.783 

Low  plus  High  RH 

457 

0.94  (0.54,1.65) 

0.841 

14-20 

ECG:  Other  Diagnoses 

Comparison 

1,186 

Background  RH 

368 

2.89  (0.16,52.97) 

0.474 

Low  RH 

227 

— 

— 

High  RH 

239 

12.41  (1.00,154.15) 

0.050 

Low  plus  High  RH 

466 

-- 

-- 

14-21 

Funduscopic  Examination 

Comparison 

1,154 

Background  RH 

359 

1.04  (0.70,1.55) 

0.842 

Low  RH 

221 

0.82  (0.52,1.30) 

0.402 

High  RH 

236 

0.95  (0.60,1.51) 

0.836 

Low  plus  High  RH 

457 

0.89  (0.63,1.26) 

0.500 

14-22 

Carotid  Bruits 

Comparison 

1,155 

Background  RH 

360 

1.06  (0.47,2.38) 

0.893 

Low  RH 

221 

0.69  (0.25,1.86) 

0.460 

High  RH 

236 

1.01  (0.41,2.45) 

0.991 

Low  plus  High  RH 

457 

0.84  (0.41,1.71) 

0.625 

14-23 

Radial  Pulses 

Comparison 

1,155 

Background  RH 

360 

3.27  (0.64,16.71) 

0.155 

Low  RH 

221 

3.82  (0.53,27.51) 

0.183 

High  RH 

236 

1.26  (0.11,14.89) 

0.856 

Low  plus  High  RH 

457 

2.15(0.36,13.04) 

0.404 

14-24 

Femoral  Pulses 

Comparison 

1,154 

Background  RH 

360 

1.22  (0.44,3.36) 

0.702 

Low  RH 

221 

1.71  (0.58,4.98) 

0.329 

High  RH 

236 

2.45  (0.76,7.90) 

0.134 

Low  plus  High  RH 

457 

2.06  (0.85,4.96) 

0.108 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category )  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Dioxin  Category 

1 1 

Adj.  Relative  Risk 
(95%  CL) 

p- Value 

14-25 

Popliteal  Pulses 

Comparison 

1,153 

Background  RH 

360 

0.88  (0.37,2.05) 

0.760 

Low  RH 

221 

1.15(0.45,2.92) 

0.776 

High  RH 

236 

1.08  (0.40,2.86) 

0.884 

Low  plus  High  RH 

457 

1.11  (0.53,2.30) 

0.781 

14-26 

Dorsalis  Pedis  Pulses 

Comparison 

1,153 

Background  RH 

360 

0.94  (0.59,1.50) 

0.792 

Low  RH 

221 

0.99  (0.58,1.70) 

0.977 

High  RH 

236 

0.89  (0.50,1.58) 

0.685 

Low  plus  High  RH 

457 

0.94  (0.61,1.43) 

0.761 

14-27 

Posterior  Tibial  Pulses 

Comparison 

1,151 

Background  RH 

360 

1.08  (0.62,1.89) 

0.784 

Low  RH 

221 

1.31  (0.71,2.39) 

0.387 

High  RH 

236 

1.21  (0.63,2.30) 

0.571 

Low  plus  High  RH 

457 

1.25  (0.77,2.03) 

0.358 

14-28 

Leg  Pulses 

Comparison 

1,151 

Background  RH 

360 

1.01  (0.66,1.53) 

0.981 

Low  RH 

221 

1.01  (0.63,1.64) 

0.955 

High  RH 

236 

0.91  (0.54,1.53) 

0.725 

Low  plus  High  RH 

457 

0.96  (0.66,1.40) 

0.832 

14-29 

Peripheral  Pulses 

Comparison 

1,151 

Background  RH 

360 

1.00  (0.66,1.52) 

0.997 

Low  RH 

221 

1.05  (0.65,1.70) 

0.833 

High  RH 

236 

0.94  (0.57,1.57) 

0.828 

Low  plus  High  RH 

457 

1.00  (0.68,1.45) 

0.981 

14-30 

ICVI  Index 

Comparison 

1,155 

Background  RH 

360 

0.69  (0.32,1.48) 

0.340 

Low  RH 

221 

0.98  (0.46,2.11) 

0.968 

High  RH 

236 

1.41  (0.69,2.89) 

0.346 

Low  plus  High  RH 

457 

1.19(0.67,2.09) 

0.555 

15-14 

Prothrombin  Time 

Comparison 

986 

Background  RH 

308 

1.41  (0.52,3.85) 

0.501 

Low  RH 

182 

1.01  (0.28,3.71) 

0.984 

High  RH 

193 

0.49  (0.06,3.96) 

0.502 

Low  plus  High  RH 

375 

0.70  (0.19,2.57) 

0.586 

15-15 

RBC  Morphology 

Comparison 

1,210 

Background  RH 

380 

1.18  (0.72,1.93) 

0.517 

Low  RH 

238 

1.39  (0.84,2.30) 

0.206 

High  RH 

239 

1.08  (0.60,1.94) 

0.800 

Low  plus  High  RH 

477 

1.22  (0.80,1.86) 

0.352 

15-18 

Absolute  Neutrophils  (Zero 

Comparison 

1,210 

vs.  Nonzero)  (bands) 

Background  RH 

380 

1.02  (0.75,1.40) 

0.897 

Low  RH 

238 

1.03  (0.72,1.49) 

0.859 

High  RH 

239 

0.88(0.59,1.30) 

0.515 

Low  plus  High  RH 

477 

0.95  (0.72,1.27) 

0.741 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Dioxin  Category 

n 

Acy.  Relative  Risk 
(95%  CX) 

p-Value 

15-22 

Absolute  Eosinophils  (Zero 

Comparison 

1,210 

vs.  Nonzero) 

Background  RH 

380 

1.07(0.74,1.55) 

0.705 

Low  RH 

238 

1.16(0.77,1.76) 

0.467 

High  RH 

239 

0.82  (0.53,1.27) 

0.376 

Low  plus  High  RH 

477 

0.98  (0.71,1.35) 

0.885 

15-24 

Absolute  Basophils  (Zero  vs. 

Comparison 

1,210 

Nonzero) 

Background  RH 

380 

1.11  (0.87,1.41) 

0.395 

Low  RH 

238 

1.47(1.10,1.95) 

0.009 

High  RH 

239 

1.00  (0.75,1.33) 

0.979 

Low  plus  High  RH 

477 

1.21  (0.97,1.50) 

0.091 

16-3 

Thyroid  Disease 

Comparison 

1,208 

Background  RH 

376 

0.92  (0.60,1.42) 

0.707 

Low  RH 

237 

0.70  (0.40,1.22) 

0.209 

High  RH 

240 

1.07  (0.64,1.81) 

0.792 

Low  plus  High  RH 

477 

0.87  (0.57,1.30) 

0.490 

16-4 

Composite  Diabetes  Indicator 

Comparison 

1,183 

Background  RH 

375 

0.69  (0.46,1.02) 

0.065 

Low  RH 

232 

1.22  (0.83,1.79) 

0.311 

High  RH 

238 

1.47(1.00,2.17) 

0.048 

Low  plus  High  RH 

470 

1.34(1.00,1.80) 

0.049 

16-7 

Thyroid  Gland 

Comparison 

1,165 

Background  RH 

367 

0.65  (0.21,2.01) 

0.457 

Low  RH 

233 

0.29  (0.04,2.19) 

0.229 

High  RH 

233 

0.56  (0.07,4.62) 

0.590 

Low  plus  High  RH 

466 

0.40  (0.09,1.81) 

0.234 

16-8 

Testicular  Examination 

Comparison 

1,199 

Background  RH 

374 

0.84  (0.45,1.58) 

0.594 

Low  RH 

237 

1.46  (0.78,2.71) 

0.236 

High  RH 

240 

1.39  (0.63,3.03) 

0.415 

Low  plus  High  RH 

477 

1.42  (0.82,2.45) 

0.207 

16-12 

Thyroxine 

Comparison 

1,161 

Background  RH 

365 

1.23  (0.63,2.42) 

0.545 

Low  RH 

233 

0.45  (0.14,1.49) 

0.192 

High  RH 

233 

1.53  (0.62,3.73) 

0.354 

Low  plus  High  RH 

466 

0.83  (0.38,1.82) 

0.641 

16-13 

Anti-Thyroid  Antibodies 

Comparison 

1,161 

Background  RH 

365 

1.07  (0.27,4.26) 

0.921 

Low  RH 

233 

0.73  (0.09,5.99) 

0.765 

High  RH 

233 

1.07(0.12,9.66) 

0.951 

Low  plus  High  RH 

466 

0.88  (0.17,4.46) 

0.879 

16-15 

Fasting  Glucose 

Comparison 

1,200 

Background  RH 

377 

0.91  (0.63,1.31) 

0.609 

Low  RH 

235 

1.03  (0.70,1.53) 

0.877 

High  RH 

240 

1.44  (0.99,2.11) 

0.056 

Low  plus  High  RH 

475 

1.22  (0.91,1.64) 

0.178 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3  • 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

Dioxin  Category 

|  §1*  gB^.  f  | 

A<y.  Relative  Risk 
(95%  CX) 

m 

16-17 

2-Hour  Postprandial  Glucose 

Comparison 

987 

Background  RH 

338 

0.94  (0.64,1.37) 

0.729 

Low  RH 

183 

1.12(0.73,1.72) 

0.616 

High  RH 

181 

1.01  (0.64,1.60) 

0.960 

Low  plus  High  RH 

364 

1.06  (0.76,1.49) 

0.722 

16-18 

Fasting  Urinary  Glucose 

Comparison 

1,200 

Background  RH 

377 

0.63  (0.27,1.43) 

0.265 

Low  RH 

235 

0.92  (0.43,1.97) 

0.827 

High  RH 

240 

1.33  (0.71,2.49) 

0.369 

Low  plus  High  RH 

475 

1.11  (0.65,1.89) 

0.704 

16-19 

2-Hour  Postprandial  Urinary 

Comparison 

985 

Glucose 

Background  RH 

337 

1.32  (0.98,1.78) 

0.072 

Low  RH 

182 

1.41  (0.98,2.02) 

0.064 

High  RH 

181 

0.97  (0.66,1.44) 

0.885 

Low  plus  High  RH 

363 

1.17  (0.88,1.56) 

0.283 

16-23 

oc-l-C  Hemoglobin 

Comparison 

1,200 

Background  RH 

377 

0.84  (0.53,1.35) 

0.474 

Low  RH 

235 

0.94(0.58,1.52) 

0.799 

High  RH 

240 

1.76(1.16,2.67) 

0.008 

Low  plus  High  RH 

475 

1.29  (0.91,1.82) 

0.148 

16-25 

Total  Testosterone 

Comparison 

1,189 

Background  RH 

370 

0.98  (0.59,1.62) 

0.934 

Low  RH 

234 

0.95  (0.55,1.62) 

0.841 

High  RH 

237 

1.55  (0.94,2.55) 

0.085 

Low  plus  High  RH 

471 

1.21  (0.82,1.80) 

0.340 

16-27 

Free  Testosterone 

Comparison 

1,189 

Background  RH 

370 

0.88  (0.32,2.46) 

0.811 

Low  RH 

234 

1.38  (0.57,3.35) 

0.470 

High  RH 

237 

0.28  (0.04,2.21) 

0.227 

Low  plus  High  RH 

471 

0.62  (0.19,2.01) 

0.424 

16-29 

Estradiol 

Comparison 

1,213 

Background  RH 

381 

0.97  (0.75,1.27) 

0.842 

Low  RH 

239 

0.79  (0.57,1.09) 

0.155 

High  RH 

243 

1.05  (0.77,1.44) 

0.757 

Low  plus  High  RH 

482 

0.91  (0.72,1.16) 

0.460 

16-31 

LH 

Comparison 

1,213 

Background  RH 

381 

1.28  (0.79,2.08) 

0.313 

Low  RH 

239 

0.83  (0.44,1.58) 

0.573 

High  RH 

243 

0.76  (0.36,1.60) 

0.475 

Low  plus  High  RH 

482 

0.80  (0.47,1.34) 

0.392 

16-33 

FSH 

Comparison 

1,213 

Background  RH 

381 

1.10(0.72,1.69) 

0.652 

Low  RH 

239 

0.93  (0.55,1.56) 

0.781 

High  RH 

243 

1.16(0.64,2.08) 

0.621 

Low  plus  High  RH 

482 

1.04  (0.68,1.58) 

0.859 
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Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


IHMII 

Ref, 

Clinical  Parameter 

Dioxin  Category 

f;fl'  n  I'JI 

Adj.  Relative  Risk 
<95%  C.I.) 

p-Yalue  | 

17-14 

ANA  Test 

Comparison 

1,154 

Background  RH 

365 

1.04  (0.82,1.33) 

0.738 

Low  RH 

220 

0.85  (0.63,1.14) 

0.276 

High  RH 

229 

1.15  (0.85,1.55) 

0.364 

Low  plus  High  RH 

449 

0.99  (0.79,1.24) 

0.936 

17-15 

ANA  Thyroid  Microsomal 

Comparison 

1,154 

Antibody 

Background  RH 

365 

1.03  (0.51,2.12) 

0.925 

Low  RH 

220 

1.12(0.49,2.59) 

0.785 

High  RH 

229 

0.81  (0.30,2.16) 

0.671 

Low  plus  High  RH 

449 

0.95  (0.48,1.90) 

0.883 

17-16 

MSK  Smooth  Muscle 

Comparison 

1,154 

Antibody 

Background  RH 

365 

1.28  (0.90,1.83) 

0.173 

Low  RH 

220 

1.07  (0.70,1.65) 

0.752 

High  RH 

229 

0.59  (0.36,1.00) 

0.048 

Low  plus  High  RH 

449 

0.79  (0.55,1.14) 

0.209 

17-17 

MSK  Mitochondrial 

Comparison 

1,154 

Antibody 

Background  RH 

365 

3.55  (0.48,26.04) 

0.213 

Low  RH 

220 

4.30  (0.57,32.27) 

0.156 

High  RH 

229 

— 

.. 

Low  plus  High  RH 

449 

- 

-- 

17-18 

MSK  Parietal  Antibody 

Comparison 

1,154 

Background  RH 

365 

0.63  (0.30,1.31) 

0.216 

Low  RH 

220 

1.50  (0.82,2.75) 

0.192 

High  RH 

229 

0.97  (0.47,1.99) 

0.928 

Low  plus  High  RH 

449 

1.20  (0.72,2.00) 

0.490 

17-19 

Rheumatoid  Factor 

Comparison 

1,154 

Background  RH 

365 

1.04(0.71,1.51) 

0.841 

Low  RH 

220 

1.03  (0.66,1.61) 

0.890 

High  RH 

229 

0.59  (0.33,1.04) 

0.068 

Low  plus  High  RH 

449 

0.77  (0.53,1.14) 

0.195 

18-3 

Asthma 

Comparison 

1,207 

Background  RH 

376 

1.52  (0.86,2.70) 

0.149 

Low  RH 

234 

1.13(0.54,2.36) 

0.753 

High  RH 

240 

1.29  (0.64,2.61) 

0.479 

Low  plus  High  RH 

474 

1.21  (0.69,2.10) 

0.506 

18-4 

Bronchitis 

Comparison 

1,187 

Background  RH 

371 

1.31  (0.98,1.75) 

0.073 

Low  RH 

227 

0.94(0.65,1.36) 

0.734 

High  RH 

239 

1.10(0.78,1.56) 

0.584 

Low  plus  High  RH 

466 

1.02  (0.78,1.34) 

0.891 

18-5 

Pneumonia 

Comparison 

1,167 

Background  RH 

360 

0.90  (0.61,1.33) 

0.602 

Low  RH 

221 

0.98  (0.63,1.54) 

0.929 

High  RH 

236 

0.74  (0.44,1.25) 

0.265 

Low  plus  High  RH 

457 

0.85  (0.59,1.23) 

0.386 

G-156 


Table  G-19.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  3 
(Ranch  Hands  and  Comparisons  by  Dioxin  Category)  (Continued) 


Table 

Ret 

Clinical  Parameter 

Dioxin  Category 

-  n  • 

Adj.  Relative  Risk 
(95%  CX) 

p-Value 

18-6 

Thorax  and  Lung 

Comparison 

1,212 

Abnormalities 

Background  RH 

380 

0.84  (0.55,1.28) 

0.412 

Low  RH 

238 

1.01  (0.63,1.62) 

0.953 

High  RH 

243 

1.01  (0.62,1.64) 

0.977 

Low  plus  High  RH 

481 

1.01  (0.70,1.46) 

0.955 

18-7 

X-ray  Interpretation 

Comparison 

1,212 

Background  RH 

380 

1.69(1.18,2.43) 

0.004 

Low  RH 

238 

1.11  (0.70,1.75) 

0.657 

High  RH 

241 

0.66  (0.38,1.13) 

0.127 

Low  plus  High  RH 

479 

0.85  (0.58,1.24) 

0.406 

Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  participants 
with  abnormalities. 


Note:  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 
High  (Ranch  Hand):  1987  Dioxin  >  10  ppt.  Initial  Dioxin  >  94  ppt. 
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Table  G-20.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  4  (Ranch  Hands: 
Log2  (1987  Dioxin  +  1)) 


Clinical  Parameter  1  *  •  *  i  1  J 

Adj.  Relative  Risk 
(95  %  CX): 

p*  Value 

9-3 

Self-perception  of  Health 

1.14(0.98,1.32) 

0.079 

9-4 

Appearance  of  Illness  or  Distress 

1.05  (0.72,1.52) 

0.800 

9-5 

Relative  Age  Appearance 

0.89  (0.75,1.05) 

0.153 

9-7 

Body  Fat 

1.29(1.14,1.46) 

<0.001 

9-9 

Erythrocyte  Sedimentation  Rate 

1.14  (0.94,1.38) 

0.169 

10-3 

Skin  Neoplasms 

0.92  (0.82,1.03) 

0.147 

10-4 

Malignant  Skin  Neoplasms 

1.06  (0.91,1.25) 

0.447 

10-5 

Benign  Skin  Neoplasms 

0.84  (0.74,0.95) 

0.005 

10-6 

Skin  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

1.11  (0.69,1.81) 

0.664 

10-7 

Basal  Cell  Carcinoma  (All  Sites  Combined) 

0.99  (0.83,1.18) 

0.924 

10-8 

Basal  Cell  Carcinoma  (Ear,  Face,  Head,  and  Neck) 

0.89  (0.74,1.09) 

0.257 

10-9 

Basal  Cell  Carcinoma  (Trunk) 

1.51  (1.07,2.13) 

0.016 

10-10 

Basal  Cell  Carcinoma  (Upper  Extremities) 

1.00  (0.63,1.57) 

0.987 

10-11 

Basal  Cell  Carcinoma  (Lower  Extremities) 

0.91  (0.42,1.98) 

0.803 

10-12 

Squamous  Cell  Carcinoma 

1.07  (0.70,1.63) 

0.749 

10-13 

Nonmelanoma 

1.02  (0.86,1.21) 

0.786 

10-14 

Melanoma 

1.18(0.81,1.71) 

0.399 

10-15 

Systemic  Neoplasms  (All  Sites  Combined) 

1.05  (0.93,1.18) 

0.399 

10-16 

Malignant  Systemic  Neoplasms 

1.06  (0.84,1.34) 

0.599 

10-17 

Benign  Systemic  Neoplasms 

1.01  (0.89,1.14) 

0.905 

10-18 

Systemic  Neoplasms  of  Uncertain  Behavior  or  Unspecified  Nature 

1.07  (0.67,1.72) 

0.767 

10-19 

Malignant  Systemic  Neoplasms  (Eye,  Ear,  Face,  Head,  and  Neck) 

1.04  (0.57,1.91) 

0.897 

10-20 

Malignant  Systemic  Neoplasms  (Oral  Cavity,  Pharynx,  and  Larynx) 

1.60  (0.65,3.97) 

0.296 

10-21 

Malignant  Systemic  Neoplasms  (Thymus,  Heart,  and  Mediastinum) 

0.31  (0.09,1.04) 

0.017 

10-22 

Malignant  Systemic  Neoplasms  (Thyroid  Gland) 

0.95  (0.34,2.70) 

0.925 

10-23 

Malignant  Systemic  Neoplasms  (Bronchus  and  Lung) 

1.15(0.63,2.11) 

0.638 

10-24 

Malignant  Systemic  Neoplasms  (Liver) 

2.52(1.03,6.15) 

0.042 

10-25 

Malignant  Systemic  Neoplasms  (Colon  and  Rectum) 

1.44  (0.72,2.86) 

0.291 

10-26 

Malignant  Systemic  Neoplasms  (Kidney  and  Bladder) 

1.14(0.66,1.96) 

0.634 

10-27 

Malignant  Systemic  Neoplasms  (Prostate) 

0.83  (0.56,1.23) 

0.353 

10-28 

Malignant  Systemic  Neoplasms  (Testicles) 

1.35  (0.54,3.37) 

0.517 

10-29 

Malignant  Systemic  Neoplasms  (Connective  and  Other  Soft  Tissues) 

2.36  (0.72,7.79) 

0.155 

10-30 

Hodgkin’s  Disease 

0.70  (0.08,6.51) 

0.745 

10-31 

Non-Hodgkin’s  Lymphoma 

0.31  (0.01,7.88) 

0.443 

10-32 

Other  Malignant  Systemic  Neoplasms  of  Lymphoid  and  Histiocytic 
Tissue 

0.63  (0.09,4.17) 

0.580 

10-33 

All  Malignant  Skin  and  Systemic  Neoplasms 

1.10  (0.94,1.27) 

0.227 

10-34 

All  Skin  and  Systemic  Neoplasms 

0.99  (0.88,1.11) 

0.854 

10-36 

PSA 

1.05(0.81,1.35) 

0.735 

11-3 

Inflammatory  Diseases 

0.90  (0.52,1.57) 

0.716 

11-4 

Hereditary  and  Degenerative  Disorders 

0.92  (0.77,1.11) 

0.380 

11-5 

Peripheral  Disorders 

1.20(1.04,1.38) 

0.011 

11-6 

Other  Neurological  Disorders 

0.97  (0.84,1.11) 

0.625 

11-7 

Smell 

0.83  (0.56,1.22) 

0.333 

11-8 

Visual  Fields 

1.40  (0.58,3.38) 

0.456 

11-9 

Light  Reaction 

0.75  (0.18,3.12) 

0.681 
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Table  G-20.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  4 
(Ranch  Hands:  Log2  (1987  Dioxin  +  1))  (Continued) 


Table  1 

||||i | 

Clinical  Parameter 

Adj.  Relative  Risk 

ilii; 

i  n 

11-10 

Ocular  Movement 

6.91  (0.63,1.32) 

0.614 

li-ii 

Facial  Sensation 

0.79  (0.23,2.66) 

0.694 

11-12 

Jaw  Clench 

1.02  (0.34,3.08) 

0.969 

11-13 

Smile 

0.99  (0.59,1.65) 

0.972 

11-14 

Palpebral  Fissure 

1.17(0.65,2.12) 

0.598 

11-15 

Balance 

0.95  (0.52,1.73) 

0.860 

11-16 

Speech 

0.73  (0.36,1.47) 

0.370 

11-17 

Tongue  Position  Relative  to  Midline 

1.02  (0.34,3.08) 

0.969 

11-18 

Palate  and  Uvula  Movement 

1.19(0.32,4.46) 

0.800 

11-19 

Cranial  Nerve  Index 

0.88  (0.71,1.10) 

0.254 

11-20 

Neck  Range  of  Motion 

1.09  (0.94,1.26) 

0.267 

11-21 

Pinprick 

1.12(0.88,1.42) 

0.345 

11-22 

Light  Touch 

1.01  (0.75,1.36) 

0.940 

11-23 

Muscle  Status 

0.98  (0.76,1.27) 

0.897 

11-24 

Patellar  Reflex 

1.15  (0.80,1.64) 

0.447 

11-25 

Achilles  Reflex 

1.12(0.96,1.31) 

0.157 

11-26 

Biceps  Reflex 

1.52  (0.89,2.61) 

0.120 

11-27 

Babinski  Reflex 

0.65  (0.33,1.29) 

0.223 

11-29 

Polyneuropathy  Prevalence  Index 

1.16(0.98,1.37) 

0.080 

11-30 

Multiple  Polyneuropathy  Index 

1.29  (0.95,1.76) 

0.101 

11-31 

Confirmed  Polyneuropathy  Indicator 

2.21  (1.24,3.96) 

0.003 

11-32 

Tremor 

0.93  (0.75,1.14) 

0.478 

11-33 

Coordination 

0.83  (0.57,1.21) 

0.330 

11-34 

Romberg  Sign 

0.95  (0.52,1.73) 

0.860 

11-35 

Gait 

0.99  (0.78,1.25) 

0.905 

11-36 

CNS  Index 

0.94  (0.80,1.10) 

0.443 

12-3 

Psychoses 

1.08  (0.84,1.40) 

0.550 

12-4 

Alcohol  Dependence 

0.99  (0.82,1.20) 

0.898 

12-5 

Drug  Dependence 

0.45  (0.10,2.11) 

0.226 

12-6 

Anxiety 

0.95  (0.84,1.07) 

0.368 

12-7 

Other  Neuroses 

1.02  (0.91,1.14) 

0.763 

12-8 

SCL-90-R  Anxiety 

0.96  (0.81,1.13) 

0.619 

12-9 

SCL-90-R  Depression 

0.97  (0.84,1.13) 

0.712 

12-10 

SCL-90-R  Hostility 

1.01  (0.84,1.23) 

0.889 

12-11 

SCL-90-R  Interpersonal  Sensitivity 

0.95  (0.82,1.10) 

0.511 

12-12 

SCL-90-R  Obsessive-Compulsive  Behavior 

1.00  (0.87,1.16) 

0.964 

12-13 

SCL-90-R  Paranoid  Ideation 

1.00  (0.82,1.20) 

0.960 

12-14 

SCL-90-R  Phobic  Anxiety 

1.03  (0.88,1.21) 

0.727 

12-15 

SCL-90-R  Psychoticism 

1.06  (0.91,1.23) 

0.484 

12-16 

SCL-90-R  Somatization 

0.95  (0.83,1.09) 

0.458 

12-17 

SCL-90-R  Global  Severity  Index  (GSI) 

1.04(0.90,1.21) 

0.555 

12-18 

SCL-90-R  Positive  Symptom  Total  (PST) 

1.02  (0.89,1.18) 

0.764 

12-19 

SCL-90-R  Positive  Symptom  Distress  Index  (PSDI) 

0.96  (0.81,1.15) 

0.675 

13-3 

Uncharacterized  Hepatitis 

0.78  (0.55,1.12) 

0.184 

13-4 

Jaundice 

0.39  (0.24,0.65) 

<0.001 

13-5 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-related) 

1.09  (0.84,1.41) 

0.506 

13-6 

Chronic  Liver  Disease  and  Cirrhosis  (Non-alcohol-related) 

1.02  (0.68,1.54) 

0.920 

13-7 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

2.05  (0.68,6.15) 

0.212 

13-8 

Enlarged  Liver  (Hepatomegaly) 

0.93  (0.60,1.46) 

0.753 
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Table  G-20.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  4 
(Ranch  Hands:  Log2  (1987  Dioxin  +  1))  (Continued) 


:  Table! 
|  |Ret  | 

Clinical  Parameter 

l  5  t  *  Adj.  Relative  Risk  I 

(95%  CX) 

p- Value 

13-9 

Other  Liver  Disorders 

1.11  (0.99,1.25) 

0.077 

13-10 

Current  Hepatomegaly 

1.05  (0.64,1.74) 

0.838 

13-12 

AST 

1.38(1.12,1.71) 

0.002 

13-14 

ALT 

1.48(1.20,1.83) 

<0.001 

13-16 

GGT 

1.27(1.05,1.53) 

0.012 

13-18 

Alkaline  Phosphatase 

0.69  (0.50,0.94) 

0.020 

13-20 

Total  Bilirubin 

0.94  (0.73,1.21) 

0.646 

13-21 

Direct  Bilirubin 

0.79  (0.17,3.72) 

0.764 

13-23 

Lactic  Dehydrogenase 

1.01  (0.84,1.21) 

0.892 

13-25 

Cholesterol 

1.08  (0.93,1.24) 

0.312 

13-27 

HDL  Cholesterol 

0.82  (0.68,0.98) 

0.029 

13-29 

Cholesterol-HDL  Ratio 

1.13(1.01,1.26) 

0.025 

13-31 

Triglycerides 

1.23(1.09,1.40) 

0.001 

13-33 

Creatine  Phosphokinase 

1.22(1.00,1.49) 

0.043 

13-35 

Serum  Amylase 

0.93  (0.68,1.26) 

0.623 

13-36 

Antibodies  for  Hepatitis  A 

1.06  (0.94,1.19) 

0.346 

13-37 

Evidence  of  Prior  Hepatitis  B 

1.06  (0.89,1.25) 

0.531 

13-38 

Current  Hepatitis  B 

1.33(0.27,6.59) 

0.719 

13-39 

Antibodies  for  Hepatitis  C 

0.67  (0.40,1.14) 

0.141 

13-40 

Stool  Hemoccult 

1.13  (0.83,1.53) 

0.448 

13-42 

Prealbumin 

1.00  (0.63,1.60) 

0.993 

13-44 

Albumin 

0.52  (0.09,3.01) 

0.442 

13-46 

a- 1 -Acid  Glycoprotein 

0.87  (0.68,1.11) 

0.261 

13-50 

a-2-Macroglobulin 

1.50(1.08,2.08) 

0.014 

13-52 

Apolipoprotein  B 

1.07(0.96,1.18) 

0.242 

13-54 

C3  Complement 

0.57  (0.39,0.84) 

0.004 

13-56 

C4  Complement 

0.26  (0.08,0.86) 

0.024 

13-58 

Haptoglobin 

0.91  (0.82,1.02) 

0.107 

13-60 

Transferrin 

1.03  (0.85,1.24) 

0.785 

14-3 

Essential  Hypertension 

1.18(1.04,1.34) 

0.011 

14-4 

Heart  Disease  (Excluding  Essential  Hypertension) 

0.92  (0.81,1.04) 

0.159 

14-5 

Myocardial  Infarction 

1.16(0.94,1.44) 

0.170 

14-6 

Stroke  or  Transient  Ischemia  Attack 

1.15(0.71,1.85) 

0.578 

14-8 

Systolic  Blood  Pressure 

0.88  (0.76,1.02) 

0.099 

14-10 

Diastolic  Blood  Pressure 

1.20  (0.89,1.61) 

0.228 

14-11 

Heart  Sounds 

1.24(0.89,1.73) 

0.193 

14-12 

Overall  Electrocardiograph 

1.02  (0.89,1.17) 

0.753 

14-13 

Right  Bundle  Branch  Block 

1.02  (0.69,1.50) 

0.922 

14-14 

Left  Bundle  Branch  Block 

0.56  (0.23,1.39) 

0.199 

14-15 

Non-Specific  ST-  and  T-Wave  Changes 

1.12(0.95,1.32) 

0.180 

14-16 

Bradycardia 

0.98  (0.65,1.49) 

0.932 

14-17 

Tachycardia 

1.55  (0.85,2.84) 

0.165 

14-18 

Arrhythmia 

1.12(0.85,1.49) 

0.422 

14-19 

Evidence  of  Prior  Myocardial  Infarction 

1.33  (0.95,1.87) 

0.089 

14-20 

ECG:  Other  Diagnoses 

1.47  (0.58,3.73) 

0.413 

14-21 

Funduscopic  Examination 

1.03  (0.85,1.24) 

0.767 

14-22 

Carotid  Bruits 

0.94  (0.65,1.36) 

0.755 

14-23 

Radial  Pulses 

0.61  (0.30,1.21) 

0.140 

14-24 

Femoral  Pulses 

1.29  (0.83,2.03) 

0.255 
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Table  G-20.  Summary  of  Adjusted  Results  for  Dichotomous  Variables  -  Model  4 
(Ranch  Hands:  Log2  (1987  Dioxin  +  1))  (Continued) 


f '’table  : 
Ref. 

&  4 Ipli ft  i  |  f-f  J  |  V3  .1 1:  1 

Clinical  Parameter 

Adj.  Relative  Risk 
(95%  C.I.) 

iHH 

14-25 

Popliteal  Pulses 

1.02  (0.72,1.46) 

0.908 

14-26 

Dorsalis  Pedis  Pulses 

1.07  (0.85,1.33) 

0.580 

14-27 

Posterior  Tibial  Pulses 

1.12(0.88,1.43) 

0.354 

14-28 

Leg  Pulses 

1.08  (0.88,1.31) 

0.467 

14-29 

Peripheral  Pulses 

1.07  (0.88,1.30) 

0.485 

14-30 

ICVI  Index 

1.07  (0.79,1.45) 

0.666 

15-14 

Prothrombin  Time 

0.86  (0.54,1.38) 

0.526 

15-15 

RBC  Morphology 

1.02  (0.84,1.25) 

0.822 

15-18 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

0.92  (0.80,1.06) 

0.264 

15-22 

Absolute  Eosinophils  (Zero  vs.  Nonzero) 

0.99  (0.84,1.16) 

0.894 

15-24 

Absolute  Basophils  (Zero  vs.  Nonzero) 

0.94  (0.84,1.05) 

0.257 

16-3 

Past  Thyroid  Disease 

1.10(0.89,1.36) 

0.358 

16-4 

Composite  Diabetes  Indicator 

1.43  (1.21,1.68) 

<0.001 

16-7 

Thyroid  Gland 

1.09  (0.50,2.36) 

0.825 

16-8 

Testicular  Examination 

1.09  (0.82,1.44) 

0.545 

16-12 

Thyroxine 

1.14  (0.79,1.64) 

0.487 

16-13 

Anti-Thyroid  Antibodies 

0.86  (0.41,1.80) 

0.689 

16-15 

Fasting  Glucose 

1.25(1.08,1.46) 

0.003 

16-17 

2-Hour  Postprandial  Glucose 

1.10(0.91,1.33) 

0.332 

16-18 

Fasting  Urinary  Glucose 

1.47(1.11,1.94) 

0.006 

16-19 

2-Hour  Postprandial  Urinary  Glucose 

0.90  (0.78,1.03) 

0.129 

16-23 

oc-l-C  Hemoglobin 

1.37(1.15,1.64) 

<0.001 

16-25 

Total  Testosterone 

1.20  (0.96,1.49) 

0.106 

16-27 

Free  Testosterone 

0.94  (0.52,1.70) 

0.835 

16-29 

Estradiol 

0.99  (0.89,1.12) 

0.926 

16-31 

LH 

0.84  (0.66,1.07) 

0.154 

16-33 

FSH 

1.16(0.93,1.45) 

0.188 

17-14 

ANA  Test 

0.96  (0.86,1.08) 

0.512 

17-15 

ANA  Thyroid  Microsomal  Antibody 

0.96  (0.69,1.35) 

0.824 

17-16 

MSK  Smooth  Muscle  Antibody 

0.89  (0.75,1.05) 

0.155 

17-17 

MSK  Mitochondrial  Antibody 

0.65  (0.31,1.38) 

0.245 

17-18 

MSK  Parietal  Antibody 

1.22  (0.93,1.60) 

0.140 

17-19 

Rheumatoid  Factor 

0.86  (0.71,1.04) 

0.122 

18-3 

Asthma 

1.06  (0.81,1.37) 

0.680 

18-4 

Bronchitis 

0.90  (0.79,1.03) 

0.137 

18-5 

Pneumonia 

0.89  (0.73,1.08) 

0.229 

18-6 

Thorax  and  Lung  Abnormalities 

1.20(1.00,1.43) 

0.054 

18-7 

X-ray  Interpretation 

0.80  (0.67,0.96) 

0.015 

Note:  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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Table  G-21 .  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 


Table 

ipHii 

Clinical  Parameter 

-Contrast.. 2 1 SJIS 

Occupational 
'  Category '  ’ 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

11-28 

Polyneuropathy  Severity  Index 

Moderate  vs.  None  or  Mild 

All 

2.32(1.14,4.73) 

0.020 

Officer 

1.72  (0.57,5.24) 

0.338 

Enlisted  Flyer 

4.13(0.83,20.52) 

0.083 

Enlisted  Groundcrew 

2.16(0.67,7.01) 

0.200 

Severe  vs.  None  or  Mild 

All 

5.44  (0.59,50.52) 

0.136 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

1.64  (0.09,29.24) 

0.738 

13-48 

a- 1 -Antitrypsin 

Low  vs.  Normal 

All 

0.81  (0.37,1.78) 

0.606 

Officer 

1.10(0.44,2.78) 

0.834 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.47  (0.10,2.34) 

0.358 

High  vs.  Normal 

All 

2.51  (0.80,7.90) 

0.116 

Officer 

— 

— 

Enlisted  Flyer 

0.73  (0.08,6.49) 

0.778 

Enlisted  Groundcrew 

2.69  (0.63,11.58) 

0.183 

15-4 

RBC  Count 

Low  vs.  Normal 

All 

1.00  (0.66,1.51) 

0.991 

Officer 

0.95  (0.52,1.75) 

0.869 

Enlisted  Flyer 

1.97  (0.73,5.29) 

0.180 

Enlisted  Groundcrew 

0.75  (0.37,1.53) 

0.426 

High  vs.  Normal 

All 

0.58  (0.22,1.54) 

0.278 

Officer 

0.23  (0.03,1.89) 

0.170 

Enlisted  Flyer 

1.25  (0.17,9.24) 

0.830 

Enlisted  Groundcrew 

0.73(0.18,2.98) 

0.660 

15-6 

WBC  Count 

Low  vs.  Normal 

All 

1.18(0.80,1.74) 

0.415 

Officer 

1.10(0.62,1.96) 

0.754 

Enlisted  Flyer 

2.12(0.73,6.09) 

0.165 

Enlisted  Groundcrew 

1.03  (0.55,1.93) 

0.923 
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Table  G-21.  Summary  of  Adjusted  Results  for  Polytomous  Variables 
(Continued) 

-  Model  1  (Ranch  Hands  vs.  Comparisons) 

Ililii 

Occupational 

Adj.  Relative  Rids 

Ref. 

Clinical  Parameter 

SSlSSi-  •  Contrast.  . ... 

Category  :: 

.  (95%  CX)  :  ;■  ■ 

p- Value 

15-6 

WBC  Count  (continued) 

High  vs.  Normal 

All 

0.93  (0.58,1.51) 

0.783 

Officer 

0.91  (0.35,2.35) 

0.843 

Enlisted  Flyer 

0.99  (0.37,2.68) 

0.985 

Enlisted  Groundcrew 

0.93  (0.47,1.82) 

0.822 

15-8 

Hemoglobin 

Low  vs.  Normal 

All 

1.15(0.81,1.63) 

0.433 

Officer 

1.25  (0.72,2.19) 

0.433 

Enlisted  Flyer 

1.58  (0.73,3.44) 

0.246 

Enlisted  Groundcrew 

0.90  (0.51,1.58) 

0.713 

High  vs.  Normal 

All 

0.61  (0.16,2.38) 

0.480 

Officer 

1.52  (0.21,10.95) 

0.675 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

-- 

- 

15-10 

Hematocrit 

Low  vs.  Normal 

All 

1.04  (0.59,1.85) 

0.886 

Officer 

0.95  (0.38,2.36) 

0.908 

Enlisted  Flyer 

1.84  (0.51,6.72) 

0.353 

Enlisted  Groundcrew 

0.85  (0.33,2.18) 

0.739 

High  vs.  Normal 

All 

0.28  (0.03,2.40) 

0.245 

Officer 

— 

— 

Enlisted  Flyer 

— 

— 

Enlisted  Groundcrew 

- 

- 

15-12 

Platelet  Count 

Low  vs.  Normal 

All 

0.84  (0.50,1.42) 

0.509 

Officer 

2.64(1.15,6.05) 

0.022 

Enlisted  Flyer 

0.10(0.01,0.79) 

0.029 

Enlisted  Groundcrew 

0.48  (0.19,1.23) 

0.127 

High  vs.  Normal 

All 

1.13(0.30,4.27) 

0.853 

Officer 

0.55  (0.06,5.37) 

0.606 

Enlisted  Flyer 

1.18(0.07,19.42) 

0.906 

Enlisted  Groundcrew 

2.61  (0.23,29.36) 

0.437 
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-  Model  1  (Ranch  Hands  vs.  Comparisons) 


Occupational 
Category  ;  : 

Adj.  Relative  Risk 
(95  %  CX) 

p- Value 

All 

1.10(0.74,1.62) 

0.642 

Officer 

0.96  (0.50,1.86) 

0.902 

Enlisted  Flyer 

0.71  (0.29,1.72) 

0.445 

Enlisted  Groundcrew 

1.48  (0.83,2.66) 

0.185 

All 

1.52  (0.78,2.96) 

0.219 

Officer 

2.04  (0.69,5.99) 

0.195 

Enlisted  Flyer 

1.09  (0.15,7.93) 

0.931 

Enlisted  Groundcrew 

1.32  (0.51,3.41) 

0.572 

All 

0.73  (0.48,1.11) 

0.137 

Officer 

0.68  (0.33,1.39) 

0.288 

Enlisted  Flyer 

0.75  (0.29,1.91) 

0.544 

Enlisted  Groundcrew 

0.76  (0.41,1.41) 

0.384 

All 

2.20(1.15,4.20) 

0.017 

Officer 

2.39  (0.92,6.20) 

0.074 

Enlisted  Flyer 

1.22  (0.24,6.24) 

0.811 

Enlisted  Groundcrew 

2.52  (0.88,7.23) 

0.084 

All 

1.57  (0.63,3.88) 

0.332 

Officer 

2.78  (0.50,15.33) 

0.241 

Enlisted  Flyer 

2.01  (0.33,12.28) 

0.448 

Enlisted  Groundcrew 

0.88  (0.21,3.71) 

0.859 

All 

1.42  (0.89,2.28) 

0.140 

Officer 

1.18  (0.57,2.44) 

0.648 

Enlisted  Flyer 

0.63  (0.15,2.55) 

0.513 

Enlisted  Groundcrew 

2.11  (1.04,4.28) 

0.037 

All 

0.79  (0.58,1.08) 

0.143 

Officer 

0.76  (0.48,1.22) 

0.256 

Enlisted  Flyer 

0.83  (0.35,1.95) 

0.671 

Enlisted  Groundcrew 

0.81  (0.50,1.33) 

0.412 
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Table  G-21.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  1  (Ranch  Hands  vs.  Comparisons) 
(Continued) 


Table 

Ref. 

Clinical  Parameter 

Contrast 

Occupational 
Category  * 

Adj.  Relative  Risk 
(95%  CX) 

p-Value  Jj 

16-21 

Serum  Insulin  (continued) 

Abnormal  High  vs.  Normal 

All 

0.96  (0.77,1.21) 

0.749 

Officer 

1.08  (0.75,1.53) 

0.688 

Enlisted  Flyer 

0.72  (0.41,1.27) 

0.257 

Enlisted  Groundcrew 

0.97  (0.69,1.36) 

0.870 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

All 

0.96  (0.69,1.35) 

0.832 

Officer 

1.09  (0.62,1.90) 

0.768 

Enlisted  Flyer 

0.68  (0.31,1.52) 

0.349 

Enlisted  Groundcrew 

1.00  (0.61,1.63) 

0.999 

Moderate  or  Severe  vs.  None 

All 

0.67  (0.31,1.47) 

0.324 

Officer 

1.42  (0.40,5.00) 

0.586 

Enlisted  Flyer 

0.25  (0.03,2.30) 

0.220 

Enlisted  Groundcrew 

0.52  (0.16,1.70) 

0.279 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

All 

1.08  (0.88,1.32) 

0.449 

Officer 

1.38(1.01,1.89) 

0.041 

Enlisted  Flyer 

0.79  (0.48,1.29) 

0.345 

Enlisted  Groundcrew 

0.96  (0.70,1.32) 

0.821 

Moderate  vs.  None 

All 

0.97  (0.66,1.44) 

0.887 

Officer 

1.21  (0.63,2.32) 

0.560 

Enlisted  Flyer 

1.36  (0.57,3.23) 

0.492 

Enlisted  Groundcrew 

0.65  (0.35,1.22) 

0.180 

Severe  vs.  None 

All 

1.22  (0.57,2.59) 

0.605 

Officer 

1.81  (0.50,6.57) 

0.366 

Enlisted  Flyer 

1.27  (0.35,4.58) 

0.715 

Enlisted  Groundcrew 

0.69  (0.16,2.87) 

0.607 

— :  Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  participants  with  abnormalities. 


Table  G-22.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  2  (Ranch  Hands: 
Log2  (Initial  Dioxin)) 


1  Table' 

Clinical  Parameter 

:  Contrast 

Adj.  Relative  Risk 
(95%  CL) 

p-Value 

11-28 

Polyneuropathy  Severity 

Moderate  vs.  None  or  Mild 

1.52  (1.02,2.28) 

Index 

Severe  vs.  None  or  Mild 

0.87  (0.24,3.20) 

13-48 

a- 1 -Antitrypsin 

Low  vs.  Normal 

0.75  (0.30,1.84) 

High  vs.  Normal 

0.80  (0.21,3.00) 

15-4 

RBC  Count 

Low  vs.  Normal 

0.95  (0.64,1.41) 

High  vs.  Normal 

0.88  (0.39,1.99) 

15-6 

WBC  Count 

Low  vs.  Normal 

0.61  (0.38,0.99) 

High  vs.  Normal 

0.83  (0.54,1.27) 

15-8 

Hemoglobin 

Low  vs.  Normal 

0.85  (0.61,1.20) 

High  vs.  Normal 

1.04  (0.17,6.53) 

15-10 

Hematocrit 

Low  vs.  Normal 

1.10(0.66,1.85) 

High  vs.  Normal 

1.07(0.17,6.61) 

15-12 

Platelet  Count 

Low  vs.  Normal 

0.69  (0.35,1.37) 

High  vs.  Normal 

0.67  (0.16,2.88) 

16-5 

Diabetic  Severity 

No  Treatment  vs.  Nondiabetic 

1.29  (0.93,1.78) 

Diet  Only  vs.  Nondiabetic 

1.25  (0.74,2.11) 

Oral  Hypoglycemic  vs.  Nondiabetic 

1.41  (0.98,2.01) 

Requiring  Insulin  vs.  Nondiabetic 

2.47(1.43,4.25) 

16-10 

Thyroid  Stimulating 

Low  vs.  Normal 

1.62  (0.82,3.20) 

Hormone 

High  vs.  Normal 

1.29  (0.90,1.85) 

16-21 

Serum  Insulin 

Low  vs.  Normal 

0.97  (0.65,1.47) 

High  vs.  Normal 

1.15(0.93,1.43) 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

0.91  (0.66,1.24) 

Moderate  or  Severe  vs.  None 

1.02  (0.35,2.99) 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

0.86  (0.72,1.02) 

Moderate  vs.  None 

0.98  (0.67,1.42) 

Severe  vs.  None 

0.63  (0.28,1.44) 

Note:  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous 


13-48  a- 1 -Antitrypsin  Low  vs.  Normal 


High  vs.  Normal 


15-4  RBC  Count  Low  vs.  Normal 


-  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin  Category) 


Dioxin  Category 

"  \  ;  "n 

Adj.  Relative  Risk 
($5  %  CX) 

p-Value 

Comparison 
Background  RH 

1,145 

358 

1.29  (0.45,3.70) 

0.641 

Low  RH 

225 

2.35  (0.90,6.09) 

0.079 

High  RH 

225 

3.06(1.16,8.11) 

0.024 

Low  plus  High  RH 

450 

2.68(1.22,5.90) 

0.014 

Comparison 
Background  RH 

1,145 

358 

2.59  (0.15,43.89) 

0.511 

Low  RH 

225 

7.43  (0.62,89.56) 

0.114 

High  RH 

225 

9.83  (0.52,186.07) 

0.128 

Low  plus  High  RH 

450 

8.55  (0.77,94.34) 

0.080 

Comparison 
Background  RH 

1,193 

374 

0.78  (0.30,2.01) 

0.602 

Low  RH 

235 

0.76  (0.17,3.35) 

0.712 

High  RH 

238 

1.41  (0.28,7.06) 

0.677 

Low  plus  High  RH 

473 

1.03  (0.32,3.31) 

0.955 

Comparison 
Background  RH 

1,193 

374 

2.76  (0.74,10.35) 

0.131 

Low  RH 

235 

1.16(0.13,10.62) 

0.895 

High  RH 

238 

2.64  (0.43,16.23) 

0.295 

Low  plus  High  RH 

473 

1.75  (0.36,8.53) 

0.486 

Comparison 
Background  RH 

1,210 

380 

1.07  (0.61,1.86) 

0.818 

Low  RH 

238 

0.92  (0.48,1.78) 

0.809 

High  RH 

239 

1.04  (0.49,2.23) 

0.917 

Low  plus  High  RH 

477 

0.98  (0.57,1.68) 

0.942 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Ctiiricai  Parameter 

Contrast 

Dioxin  Category 

,n.y 

Adj.  Relative  Risk 
(955&C.I.) 

p- Value 

15-4 

RBC  Count  (continued) 

High  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

0.25  (0.03,1.99) 

0.192 

Low  RH 

238 

0.54  (0.12,2.48) 

0.431 

High  RH 

239 

1.16(0.31,4.42) 

0.827 

Low  plus  High  RH 

477 

0.79  (0.27,2.33) 

0.676 

15-6 

WBC  Count 

Low  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

1.16(0.70,1.93) 

0.564 

Low  RH 

238 

1.67  (0.96,2.91) 

0.070 

High  RH 

239 

0.64  (0.26,1.56) 

0.326 

Low  plus  High  RH 

477 

1.03  (0.59,1.81) 

0.907 

High  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

0.86  (0.43,1.71) 

0.660 

Low  RH 

238 

0.82  (0.36,1.90) 

0.650 

High  RH 

239 

1.09  (0.53,2.24) 

0.825 

Low  plus  High  RH 

477 

0.95  (0.52,1.72) 

0.855 

15-8 

Hemoglobin 

Low  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

1.44  (0.91,2.29) 

0.118 

Low  RH 

238 

0.96  (0.54,1.70) 

0.886 

High  RH 

239 

0.90  (0.48,1.69) 

0.735 

Low  plus  High  RH 

477 

0.93  (0.59,1.47) 

0.746 

High  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

1.01  (0.20,5.14) 

0.987 

Low  RH 

238 

- 

- 

High  RH 

239 

0.69  (0.08,6.00) 

0.735 

Low  plus  High  RH 

477 

-- 

- 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

@ -■  Diostba Caf^ory  . 

A<ljv  Relative  Risk 
(95%  C.I.) 

p-Value 

15-10 

Hematocrit 

Low  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

1.00  (0.44,2.28) 

0.998 

Low  RH 

238 

0.78  (0.29,2.07) 

0.615 

High  RH 

239 

1.01  (0.37,2.77) 

0.980 

Low  plus  High  RH 

477 

0.89  (0.42,1.89) 

0.757 

High  vs.  Normal 

Comparison 

1,210 

Background  RH 

380 

- 

- 

Low  RH 

238 

— 

— 

High  RH 

239 

0.98  (0.10,9.53) 

0.986 

Low  plus  High  RH 

477 

-- 

- 

15-12 

Platelet  Count 

Low  vs.  Normal 

Comparison 

1,204 

Background  RH 

378 

1.40  (0.73,2.70) 

0.310 

Low  RH 

237 

0.79  (0.33,1.92) 

0.604 

High  RH 

238 

0.26  (0.06,1.11) 

0.068 

Low  plus  High  RH 

475 

0.45  (0.19,1.09) 

0.078 

High  vs.  Normal 

Comparison 

1,204 

Background  RH 

378 

0.86  (0.16,4.61) 

0.858 

Low  RH 

237 

— 

— 

High  RH 

238 

3.37  (0.50,22.63) 

0.211 

Low  plus  High  RH 

475 

- 

- 

16-5 

Diabetic  Severity 

No  Treatment  vs.  Nondiabetic 

Comparison 

1,183 

Background  RH 

375 

0.92  (0.51,1.65) 

0.771 

Low  RH 

232 

0.95  (0.50,1.80) 

0.878 

High  RH 

238 

1.58  (0.89,2.81) 

0.122 

Low  plus  High  RH 

470 

1.23  (0.77,1.95) 

0.385 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter 

.  .  .■  -■  ...  :  .-  .-  .  . 

Contrast 

Dioxin  Category 

Adj.  Relative  Risk 
(95%  CX) 

p- Value 

16-5 

Diabetic  Severity  (continued) 

Diet  Only  vs.  Nondiabetic 

Comparison 

1,183 

Background  RH 

375 

1.24  (0.47,3.30) 

0.661 

Low  RH 

232 

1.55  (0.55,4.34) 

0.408 

High  RH 

238 

2.32  (0.88,6.12) 

0.089 

Low  plus  High  RH 

470 

1.90  (0.87,4.15) 

0.108 

Oral  Hypoglycemic  vs.  Nondiabetic 

Comparison 

1,183 

Background  RH 

375 

0.28  (0.11,0.71) 

0.008 

Low  RH 

232 

0.89  (0.46,1.71) 

0.726 

High  RH 

238 

1.17(0.63,2.18) 

0.624 

Low  plus  High  RH 

470 

1.02  (0.63,1.65) 

0.931 

Requiring  Insulin  vs.  Nondiabetic 

Comparison 

1,183 

Background  RH 

375 

1.42  (0.59,3.45) 

0.435 

Low  RH 

232 

2.41  (1.00,5.82) 

0.050 

High  RH 

238 

3.46(1.36,8.81) 

0.009 

Low  plus  High  RH 

470 

2.90(1.40,5.99) 

0.004 

16-10 

TSH 

Low  vs.  Normal 

Comparison 

1,161 

Background  RH 

365 

2.33  (0.79,6.87) 

0.125 

Low  RH 

233 

0.52  (0.06,4.15) 

0.536 

High  RH 

233 

1.51  (0.39,5.91) 

0.550 

Low  plus  High  RH 

466 

0.89  (0.24,3.33) 

0.858 

High  vs.  Normal 

Comparison 

1,161 

Background  RH 

365 

1.43  (0.78,2.62) 

0.244 

Low  RH 

233 

0.98  (0.43,2.24) 

0.963 

High  RH 

233 

1.58(0.74,3.35) 

0.236 

Low  plus  High  RH 

466 

1.24  (0.68,2.28) 

0.481 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


Table 

Ref. 

Clinical  Parameter  |§ 

Dioxin  Category 

.U-.Tfcn::; 

Adj.  Relative  Risk  : 

16-21 

Serum  Insulin 

Low  vs.  Normal 

Comparison 

987 

Background  RH 

338 

0.90  (0.61,1.31) 

0.573 

Low  RH 

183 

0.82  (0.47,1.44) 

0.496 

High  RH 

181 

0.55  (0.29,1.08) 

0.081 

Low  plus  High  RH 

364 

0.68  (0.43,1.07) 

0.093 

High  vs.  Normal 

Comparison 

987 

Background  RH 

338 

0.99  (0.74,1.34) 

0.971 

Low  RH 

183 

1.00  (0.70,1.44) 

0.994 

High  RH 

181 

0.94  (0.65,1.37) 

0.759 

Low  plus  High  RH 

364 

0.97  (0.74,1.28) 

0.843 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

Comparison 

1,210 

Background  RH 

380 

1.28  (0.82,1.99) 

0.284 

Low  RH 

237 

0.71  (0.41,1.24) 

0.235 

High  RH 

243 

0.75  (0.43,1.32) 

0.325 

Low  plus  High  RH 

480 

0.73  (0.48,1.12) 

0.151 

Moderate  or  Severe  vs.  None 

Comparison 

1,210 

Background  RH 

380 

1.44  (0.54,3.81) 

0.468 

LowRH 

237 

0.34  (0.07,1.57) 

0.165 

High  RH 

243 

0.47  (0.10,2.17) 

0.337 

Low  plus  High  RH 

480 

0.40  (0.13,1.25) 

0.115 
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Table  G-23.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  3  (Ranch  Hands  and  Comparisons  by  Dioxin 
Category)  (Continued) 


iSfill 

Ref. 

Clinical  Parameter 

Contrast 

Dioxin  Category 

n 

Adj.  Relative  Risk 

(9$%  CX) 

p- Value 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

Comparison 

1,210 

Background  RH 

380 

1.21  (0.93,1.58) 

0.164 

Low  RH 

237 

1.17(0.85,1.60) 

0.338 

High  RH 

243 

0.74  (0.52,1.06) 

0.096 

Low  plus  High  RH 

480 

0.93  (0.72,1.20) 

0.556 

Moderate  vs.  None 

Comparison 

1,210 

Background  RH 

380 

1.22  (0.73,2.04) 

0.440 

Low  RH 

237 

0.78  (0.40,1.52) 

0.459 

High  RH 

243 

0.76  (0.39,1.49) 

0.429 

Low  plus  High  RH 

480 

0.77  (0.46,1.28) 

0.311 

Severe  vs.  None 

Comparison 

1,210 

Background  RH 

380 

1.64  (0.62,4.34) 

0.323 

Low  RH 

237 

1.75  (0.62,4.89) 

0.289 

High  RH 

243 

0.28  (0.03,2.26) 

0.232 

Low  plus  High  RH 

480 

0.69  (0.20,2.37) 

0.557 

— :  Relative  risk,  confidence  interval,  and  p- value  are  not  presented  because  of  the  sparse  number  of  participants  with  abnormalities. 

Note:  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

RH  =  Ranch  Hand. 

Comparison:  1987  Dioxin  <10  ppt. 

Background:  (Ranch  Hand):  1987  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  1987  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  94  ppt. 

High  (Ranch  Hand):  1987  Dioxin  >10  ppt,  Initial  Dioxin  >  94  ppt. 


Table  G-24.  Summary  of  Adjusted  Results  for  Polytomous  Variables  -  Model  4  (Ranch  Hands: 


Log2  (1987  Dioxin  +  1)) 

Table 

t  .1  <  i  $  f  f .  a  ?  1'4!  1 1  M:W 

A<H.  Relative  Risk  ■! 

Ref. 

Clinical  Parameter 

Contrast 

(95%  CL) 

p-Value 

11-28 

Polyneuropathy  Severity 

Moderate  vs.  None  or  Mild 

1.51  (1.09,2.09) 

0.013 

Index 

Severe  vs.  None  or  Mild 

1.48  (0.62,3.50) 

0.376 

13-48 

a- 1- Antitrypsin 

Low  vs.  Normal 

0.84  (0.52,1.37) 

0.486 

High  vs.  Normal 

0.75  (0.44,1.29) 

0.302 

15-4 

RBC  Count 

Low  vs.  Normal 

0.91  (0.69,1.21) 

0.511 

High  vs.  Normal 

1.10(0.60,2.00) 

0.764 

15-6 

WBC  Count 

Low  vs.  Normal 

0.76  (0.59,0.98) 

0.032 

High  vs.  Normal 

0.93  (0.72,1.20) 

0.570 

15-8 

Hemoglobin 

Low  vs.  Normal 

0.84  (0.68,1.04) 

0.108 

High  vs.  Normal 

0.52  (0.22,1.23) 

0.135 

15-10 

Hematocrit 

Low  vs.  Normal 

0.97  (0.67,1.42) 

0.894 

High  vs.  Normal 

1.44  (0.38,5.40) 

0.588 

15-12 

Platelet  Count 

Low  vs.  Normal 

0.73  (0.49,1.10) 

0.135 

High  vs.  Normal 

0.84  (0.43,1.64) 

0.619 

16-5 

Diabetic  Severity 

No  Treatment  vs.  Nondiabetic 

1.23  (0.96,1.58) 

0.097 

Diet  Only  vs.  Nondiabetic 

1.49(1.00,2.20) 

0.048 

Oral  Hypoglycemic  vs.  Nondiabetic 

1.85  (1.37,2.49) 

<0.001 

Requiring  Insulin  vs.  Nondiabetic 

1.38  (0.96,2.00) 

0.084 

16-10 

TSH 

Low  vs.  Normal 

1.08  (0.64,1.83) 

0.767 

High  vs.  Normal 

0.97  (0.74,1.27) 

0.832 

16-21 

Serum  Insulin 

Low  vs.  Normal 

0.94  (0.76,1.17) 

0.589 

High  vs.  Normal 

1.03  (0.89,1.19) 

0.685 

18-11 

Loss  of  Vital  Capacity 

Mild  vs.  None 

0.80  (0.65,1.00) 

0.046 

Moderate  or  Severe  vs.  None 

0.87  (0.50,1.50) 

0.605 

18-12 

Obstructive  Abnormality 

Mild  vs.  None 

0.91  (0.80,1.04) 

0.177 

Moderate  vs.  None 

0.87  (0.67,1.12) 

0.269 

Severe  vs.  None 

0.78  (0.50,1.22) 

0.272 

Note:  Relative  risk  for  a  twofold  increase  in  1987  dioxin. 
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APPENDIX  H.  ABBREVIATIONS  AND  ACRONYMS 


A 

Adj .  Mean 

Adj.RR 

Adj.  Slope 

AFHS 

Ah 

AIDS 

ALT 

ANA 

AST 


adjusted  analyses 
adjusted  mean 
adjusted  relative  risk 
adjusted  slope 
Air  Force  Health  Study 
aryl  hydrocarbon 

acquired  immunodeficiency  syndrome 
alanine  aminotransferase 
antinuclear  antibody 
aspartate  aminotransferase 


C 

C 

C 

CAPI 

CDC 

Cl 

C.I. 

CMI 

CNS 

cov 

cpm 

CS 

cv 


Celsius 

Comparison(s) 

continuous  analysis  only 

computer-assisted  personal  interview 

Centers  for  Disease  Control  and  Prevention 

Cornell  Index 

confidence  interval 

Cornell  Medical  Index 

central  nervous  system 

covariate 

counts  per  minute 

chi-square  contingency  table  analysis  (continuity-adjusted) 
coefficient  of  variation 


D  discrete  analysis  only 

D/C  discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for  analysis 

(either  discrete  or  continuous)  for  covariates 

DEP  dependent  variable 

DNA  deoxyribonucleic  acid 

DXCAT  categorized  dioxin 


ECG  electrocardiograph  or  electrocardiogram 

Est.  RR  estimated  relative  risk 

EXC  exclusion 
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Appendix  H.  Abbreviations  and  Acronyms  (Continued) 


FC 

FEFmax 

FEVi 

FSH 

FTI 

FVC 

G 

GGT 

GLM 

GND 

GNQ 

GSI 

HDL 

HIV 

HRB 

ICD-9-CM 

ICVI 

IL-2 

IOM 

IQ 

L 

LAB 

LBBB 

LDH 

LH 

LR 

MCH 

MCHC 

MCMI 

MCV 

MIL 

ml 


fully  compliant  at  the  baseline  examination 
forced  expiratory  flow  maximum 
forced  expiratory  volume  in  1  second 
follicle  stimulating  hormone 
free  thyroxine  index 
forced  vital  capacity 

good  result 

gamma  glutamyl  transferase 

general  linear  models  analysis 

good  result,  measurable  below  limit  of  detection 

good  result,  measurable  below  limit  of  quantification 

global  severity  index 

high-density  lipoprotein 
human  immunodeficiency  virus 
Halstead-Reitan  Battery 

International  Classification  of  Disease,  9th  Edition,  Clinical  Modification 

intermittent  claudication  and  vascular  insufficiency 

Interleukin-2 

Institute  of  Medicine 

intelligence  quotient 

longitudinal  analysis 
1997  laboratory  results 
left  bundle  branch  block 
lactic  dehydrogenase 
luteinizing  hormone 
logistic  regression  analysis 

mean  corpuscular  hemoglobin 

mean  corpuscular  hemoglobin  concentration 

Millon  Clinical  Multiaxial  Inventory 

mean  corpuscular  volume 

Air  Force  military  records 

milliliter 
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Appendix  H.  Abbreviations  and  Acronyms  (Continued) 


MLC 

MMPI 

MR-V 

MSK 


mixed  lymphocyte  culture 
Minnesota  Multiphasic  Personality  Inventory 
medical  records  (verified) 
mouse  stomach  kidney 


NAS 

NHL 

NIDDM 

NIH 

NIOSH 

NKC 

NORC 

NR 

NS 

NS  or  ns 
NS*  or  ns* 


National  Academy  of  Sciences 
non-Hodgkin’s  lymphoma 
non-insulin-dependent  diabetes  mellitus 
National  Institutes  of  Health 

National  Institute  for  Occupational  Safety  and  Health 
natural  killer  cell 

National  Opinion  Research  Center 
no  result 

new  to  study  since  the  baseline  examination  (Chapter  5) 

not  significant  (p>0.10) 

marginally  significant  (0.05<p<0.10) 


OMR  optical  mark  recognition 


PA 

PBS 

PC 

PCT 

PE 

PHA 

ppq 

ppt 

PR 

PSA 

PSDI 

PST 

PTSD 

PWM 


posterior-anterior 

phosphate-buffered  saline 

partially  compliant  at  the  baseline  examination 

porphyria  cutanea  tarda 

physical  examination 

phytohemagglutinin 

parts  per  quadrillion 

parts  per  trillion 

polytomous  logistic  regression  analysis 
prostate-specific  antigen 
positive  symptom  distress  index 
positive  symptom  total 
post-traumatic  stress  disorder 
pokeweed  mitogen 


QA  quality  assurance 

QC  quality  control 

QRC  Quality  Review  Committee 

Q-SR  health  questionnaire  (self-reported) 
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Appendix  H.  Abbreviations  and  Acronyms  (Continued) 


R 

refusal  at  the  baseline  examination 

R2 

coefficient  of  determination 

RBBB 

right  bundle  branch  block 

RBC 

red  blood  cell 

RH 

Ranch  Hand(s) 

RIA 

radioimmunoassay 

RPM 

revolutions  per  minute 

RR 

relative  risk 

RVN 

Republic  of  Vietnam 

SAIC 

Science  Applications  International  Corporation 

SCL-90-R 

Symptom  Checklist-90-Revised 

SEA 

Southeast  Asia 

ST 

survival  time  analysis 

Std.  Error 

standard  error 

STS 

soft  tissue  sarcoma 

t3 

triiodothyronine 

t4 

serum  thyroxine 

TCDD 

2,3,7,8-tetrachlorodibenzo-p-dioxin 

TLC 

total  lymphocyte  count 

TSH 

thyroid  stimulating  hormone 

2,4-D 

dichlorophenoxy acetic  acid 

2,4,5-T 

2,4,5-trichlorophenoxyacetic  acid 

U 

unadjusted  analyses 

UNL 

unlocatable  at  the  baseline  examination 

USAF 

United  States  Air  Force 

VA 

Veterans’  Administration 

VES 

Vietnam  Experience  Study 

VU 

vibrational  units 

WAIS 

Wechsler  Adult  Intelligence  Scale 

WBC 

white  blood  cell 
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